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ABSTRACT

This report summarizes the results of the Baseline Measurement Test
conducted for the Cat-Ox Demonstration Program. The test was carried

out on Steam Generator Unit No. 4 of the Wood River Station of the
Illinois Power Company in November and December 1971. The report describes
the measurement program for the test and procedures used to process: data
output from the continuous measurement system; steam generator operating
data; and data obtained from manual measurements. It also provides
information on the data reduction system, and the contents of the data
base used for baseline test calculations. It presents test results for:
net and gross efficiency--varying load level, excess air, and fuel type;
gas mass flow and gas volume flow--varying load level and fuel type; and
grain loading--varying load level, fuel type, and the soot blowing cycle.
It also presents results for an overall sulfur balance, and for comparing
continuous measurement results with manual measurements and with theo-

retical values.

This repért was submitted in partial fulfillment of Contracts F19268-71-
C-002 and 68-02-0650, under the sponsorship of the Environmental Protection
Agency.
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SECTION I
CONCLUSIONS

All primary objectives of the Baseline Measurement Test were achieved
in the five week period of testing on Steam Generator Unit No. 4 of the

Wood River Station of the Illinois Power Company.

A relationship was defined between control settings and operating con-
ditions for Unit No. 4 and flue gas properties at the Cat-0x/Steam
Generator interface; baseline performance of the steam generator was
characterized in terms of emission levels and quantitative data were
obtained which can be used to support the establishment of realistic
performance standards. Operating experience was also obtained in the
testing and calibration of the measurement procedures and hardware to

be used in the one-year demonstration test, and quantitative information
was obtained on the overall operability and reliability of Steam Gener-

ator Unit No. 4.

Data are provided in this report in the form of tabular results for a
set of twenty-one separate tests, each at different operating conditions.
To maintain these conditions during each test (a period of approximately
ten hours), it was necessary to control the following: load factor,

fuel type, soot blowing, and excess air.

In general, no test results were found which were significantly different
from anticipated results, either in terms of magnitude or in terms of

effects of the parameters examined.

Net and gross efficiencies were on the average higher at a 75 MW load
level when compared with average values at 100 MW and 50 MW load levels;
but the differences were not of the magnitude to be significant. No
significant differences were found in net and gross efficiencies for

the three types of fuel tested at the 100 MW level.

Measured gas mass flow rates for sulfur dioxide were consistent with
control settings and sulfur content of the fuel. Measured gas flow

rates for carbon dioxide were not significantly different for the three
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types of fuel tested. Oxygen mass flow rates decreased with decreasing
load level, and were found not to be significantly different for two of
the fuel types for a fixed load level. Measured gas mass flow rates
for nitric oxide were significantly lower for tests performed with the
fuel type that was predominantly natural gas than for tests performed

with the other two fuel types.

Total gas mass flow rates were derived from the measured flow rates for
individual gases and, as such, showed the same relationships as the
individual gases (i.e., same decrease with decreasing load level and

same increase with increased excess air).

The results of a sulfur balance computation, comparing measurements of
sulfur flow input to the system in the fuel with sulfur flow output from
the system in the stack gas, were in good agreement for all tests. These
results led to the conclusion that the total combined error in sulfur

dioxide and gas flow measurements was low.

Grain loading measurements were found to be consistent with the ash
content of the fuels utilized and the soot blowing cycle employed. No
specific patterns were found in the analysis of results in terms of

mechanical collection efficiencies.

In the comparisons between manual sampling and continuous measurement
results with theoretical expected values of gaseous concentrations,
closer agreement was found between the continuous measurement results

and the theoretical values.

The proximate and ultimate analyses of the coal and the elemental analyses
of pulverizer rejects, furnace bottom ash, and fly ash did not provide

any specific pattern beyond the expected results. The elemental analyses
are of special value, however, in that they do provide the means for
determining emission rates to the ambient atmosphere for a number of

elements not usually examined in emission testing programs.



SECTION II
INTRODUCTION
BACKGROUND

The Environmental Protection Agency (EPA) is actively engaged in a
number of programs to demonstrate sulfur oxide emission control pro-
cesses applicable to stationary sources. These demonstration programs
are based upon operation of an emission control system of such size and
for such duration as to permit technical and economic scale-up of
operating factors to define the commercial practicality of the process
for potential industrial users. Among the candidate processes to be
evaluated is the Cat-0Ox process developed by Monsanto Enviro-Chem
Systems Inc. under contract to the Illinois Power Company and the
Environmental Protection Agency. The Cat-0x process as developed by
Monsanto is based upon the catalytic oxidation of sulfur dioxide to
sulfur trioxide and subsequent reaction with water in the flue gas to
form sulfuric acid. The sulfuric acid formed is to be sold to offset

the operating costs associated with the process.

Four major task areas have been defined by MITRE under contract to EPA

to provide "Test Program Development Work of the Cat-0Ox Demonstration

Unit (CPA 70-161)." The first of the task areas concerns the "Definition
of Test Requirements," determined by means of an examination of the
requirements of potential users, an examination of the stated technical
and economic capabilities of the Cat-0x process, and the performance of

a requirements analysis defining the types and levels of test data required
to quantify the operability, reliability, and emission control effec-
tiveness of the Cat-0x process. The second of the task areas concerns

a "Baseline Measurement Test,"

in which the baseline operability, reli-
ability, and emission levels of the stationary source are determined
prior to installation of the control process. The third task area
concerns the performance of a "One-Year Demonstration Test" wherein a
measurement program is conducted which will fully characterize the

Cat-0x process emission control performance; quantify the operating



economics of the process; and establish the operability, reliability,
and maintainability of the Cat-0x process and the resulting effects on
the steam generator with which it is integrated. The fourth task area
concerns the "Demonstration Evaluation' where reduced test data are
translated into quantified statements on the technical and economic

adequacy of the process.

To date, the first two of the major task areas have been completed.
Requirements for testing have been defined in part in a baseline measure-
ment test plan for the Cat-Ox Demonstration Program, and the baseline

measurement test was conducted under the second major task in conformance

with this test plan.
TEST OBJECTIVES

The objectives of the Baseline Measurement Test are to: 1) determine

the relationship between control settings and operating conditions for
Unit No. 4, and flue gas préperties at the Cat-Ox/Steam Generator
interface, 2) characterize baseline performance in terms of operability,
reliability, and emission levels of Unit No. 4 prior to installation of
the process, 3) test and calibrate measurement procedures and hardware

to be used in the one-year demonstration test, and 4) obtain quantitative
data supporting the establishment of realistic performance standards for

all emitted pollutants.

SCOPE OF TEST

To meet these objectives, a test program was developed which consisted
of twenty-one (21) separate tests, each of approximately ten hours
duration. These twenty-one tests were conducted over a five-week period

beginning November 8, 1971 and ending December 9, 1971.

Each of the twenty-one tests represented a particular combination of
operating levels for the major steam generator parameters (load factor,
fuel type, soot blowing, and excess air). The combinations of operating
levels were selected so as to provide the maximum of information in a

minimum number of tests, varying the parameters on a "one-at-a-time' basis.



Two supplementary gas traversal tests were also conducted to determine
the pattern of leakage at the air heater (measurement position No. 2)

and the gas flow pattern midway in the stack (measurement position No. 3).

A supplementary test was also conducted in which all factors were held
constant except for burner angle, which was varied in steps from the

minimum to maximum position.

For all of the tests, key steam generator operating parameters were
monitored, samples of coal and ash were obtained at various points in
the steam generator, gas samples were manually obtained, particulate
grain loadings were determined by manual sampling, and temperatures,
pressures, gas flows and gas concentrations were monitored by a MITRE

designed continuous measurement system.



SECTION III
MEASUREMENT PROGRAM

This section describes the procedures followed by the MITRE test team
in preparing for the test program, the steps followed in conducting the
tests, and the data management procedures utilized throughout the

measurement program.

Descriptive information is also provided in this section concerning the
measurement locations, measurement parameters, and the steam generator

operating conditions defined for each test.
PRELIMINARY MEASUREMENTS

As part of the Baseline Measurement Program, a number of preliminary

measurements were made prior to the initiation of the twenty-one tests.

The objective of this preliminary measurement effort was to provide the
necessary background information on isokinetic sampling techniques, rates
of particulate loading in sampling equipment, and effects of power plant

ambient conditions on the measurements.

This information was then used to determine ranges of gas and particu-
late concentrations to be encountered in the measurement program,

to confirm the sampling frequency and sampling positions utilized in
the measurement program, and to identify any changes in operating pro-
cedures or modifications in test equipment necessary for the primary

measurement effort.

The preliminary measurements were conducted over a two-week period
beginning September 28, 1971. A summary of the test schedule and test
conditions followed during this preliminary measurement effort is shown
in Table 1. As noted in Table 1, all preliminary runs were conducted
using Type A Peabody cocal., Five of the preliminary runs were conducted
at the 100 MW load level representing the maximum gas flow conditionms.
A sixth preliminary run was made at the 35 MW load level. 1In these
preliminary runs, excess air was varied from 115% to 145%. One pre-
liminary run was made with soot blowers in operation to measure the
maximum fly ash dust loading of the system.
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DATE

(9/28)
(9/29)

9/30 -

10/1

TABLE 1

TEST SCHEDULE FOR PRELIMINARY MEASUREMENT SUBTASK

TEST CONDITIONS

100 MW Load
115% Excess Air
Coal Type A
No Soot Blowing

100 MW Load
125% Excess Air
Coal Type A
No Soot Blowing

100 MW Load
125% Excess Air
Coal Type A
No Soot Blowing

*
MEASUREMENTS

e Temperature & Velocity
Traverse at Economizer

e Orsat & Moisture Content
at Economizer

¢ 40-point mass loading at
front duct of air heater
(ports 1 and 2)

e Economizer Measurements
same as above

® 40-point mass loading at
front duct of air heater
(ports 1 and 2)

e Velocity Survey of air heater
back duct (ports 3 and 4)

e Economizer Measurements
same as above

®4(0-point mass loading at
back duct of air heater
(ports 3 and 4)

®Velocity Survey of air heater
front duct (ports 1 and 2)

*
All tests also include static pressure measurements,
moisture content, and Orsat analysis for 02 and CO2

REMARKS

Two days were required
to conduct the test,
due to time necessary
for test preparation



DATE

10/5

10/6

10/8

TABLE 1 (CONTINUED)

TEST SCHEDULE FOR PRELIMINARY MEASUREMENT SUBTASK

TEST CONDITIONS

100 MW Load

1257% Excess Air

Coal Type A
Soot Blowing over
period of test

100 MW Load
125% Excess Air
Coal Type A
No Soot Blowing

35 MW Load

1457% Excess Air
Coal Type A

No Soot Blwoing

MEASUREMENTS

e Economizer Measurements
same as above

e 40-point mass loading at
back duct of air heater
(ports 3 and 4)

® Economizer Measurements
same as above

® 2—-geparate single point
mass loading measurements

at back duct of air heater
® Velocity Survey of air heater
front duct and half of rear

duct

eEconomizer Measurements
same as above

® 40~point mass loading at
back duct of air heater

REMARKS

Test to show effect

of soot blowing (i.e.,
maximum fly-ash concen-
trations)

Test to show effectiveness
of single or ten-point
mass loading measurement
for subsequent tests

Test to show lowest
extreme in gas flow
and mass loading



The preliminary measurements conducted at the air heater on 10/6/71
were intended to provide a comparison between (1) a 40~-point, 2-probe
traverse of the rear duct (ports 3 and 4) and (2) a 10-point, single
probe traverse of half of the rear duct (port 4) with (3) a single

point, single probe sample from the rear duct (port 3, port 4).

From the results of this test, it was determined that the best method

for measuring grain loading at location 2 would consist of a 20-point,
2-probe traverse in one-half of each duct (a total of 40 points). The
halves selected are to be varied for the range of test conducted at

each load factor to insure thorough sampling of the total duct.

A complete summary of the results of the preliminary measurements effort

is provided in Appendix A.

MAIN MEASUREMENT PROGRAM

The main measurement program was initiated on November 8, 1971 following
the completion of the preliminary measurement effort, and the completion
of all required facility modifications (ports, sheds, and stack access

platform).

A summary of the Baseline test conditions is presented in Table 2. As

noted in Table 2, four load levels were examined in the tests: 100 MW,

75 MW, 50 MW, and 35 MA.

The four fuel types shown in Table 2 included Type A Peabody Coal (approx-
imately 2.7 lbs S/lO6 BTU), Type B Freeman Coal (approximately 1.6 lbs
S/lO6 BTU), Type C Coal, a mixture of Freeman Coal and Natural Gas (approx-
imately 1.0 1bs S/lO6 BTU), and Type D metallurgical coal (source location
undefined, sulfur content approximately 1.0 lbs S/lO6 BTU).

Two levels of soot blowing were investigated - no soot blowing and max-
imum soot blowing. However, on one test early in the series, an inter-

mediate level of soot blowing was examined.

Three levels of excess air were examined as shown in Table 1 - minimum

excess air, normal excess air, and maximum excess air.
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TEST
NUMBER

18
13

10
20

17
19
21
14
15
22

NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
NOV
DEC
DEC
DEC
DEC
DEC
DEC

*Reduced level

TABLE 2

SUMMARY OF BASELINE TEST CONDITIONS

11
12

15-16
14-15
16-17
17-18
18-19
21-22
22-23
23-24
29-30
30-DEC 1
1-2

2-3

3-4

6-7

7-8

8-9

LOAD
FACTOR

FUEL
TYPE

100
100
100
100
100
100
75
50
35
75
75
100
50
75
75
50
50
35
50
50
75

of soot blowing

SEEEEZ222EE88EEEEEEEE BB

O > P ko> 000> W E®E D> >

S00T
BLOWER
NO
NO
NO

YES*

NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
YES
NO
NO
NO
NO
NO

EXCESS

AIR

NORMAL
MINIMUM
MAXIMUM
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
MINIMUM
NORMAL
NORMAL
NORMAL
NORMAL
MAXTMUM
NORMAL
MAXIMUM
NORMAL
NORMAL
MINIMUM
NORMAL



TEST OPERATING PROCEDURES

O0f the 21 tests in the main measurement program, the first five tests

were performed during the normal day shift (approximately 8:00 a.m. to
4:00 p.m.). The remaining tests were conducted during the evening shift
(approximately 12:00 a.m. to 8:00 a.m.), in order to minimize the inter-
ference with higher-load daytime operations. In all cases, test personnel
were on-site for a period of 1-2 hours preceding the start of the test.
During this pre-test period, filters in the sampling lines were cleaned
and preheated, sampling probes were inserted in the ports, and the

instrumentation systems were calibrated.

Approximately one hour before the test, boiler controls were adjusted
to provide the required excess air and power settings. Excess air

was determined by MITRE gas measurements, and interative adjustments
were made until the desired level was reached. The boiler system was
then allowed to stabilize. When the system was stabilized and no vari-
ations in power level and excess air were observed, test personnel were

notified to start their respective assignments.

Assignments for the various test personnel varied somewhat for the

specific tests, but in general the following data collection efforts

were carried out:

1. Key steam generator operating parameters were
recorded from the control room instrumentation and
from various gauges on the steam generator. These
readings were entered in an '"'Operating Conditions

Log," generally on an hourly basis.

2. Samples of coal were obtained from each of the four
coal mills using the cyclone samplers and the techniques
described in the test plan. Ash samples were also taken
from the furnace bottom and from the air heater and
mechanical collector. The coal samples and the ash

samples were obtained over the period of test operation

12



(8-10 hours) and blended at the conclusion of the
test so as to form single representative one quart

samples.

3. Data log tapes were generated (using the steam gener-
ator control computer) and '"printouts"" were developed

from the tapes on an hourly basis.

4. Relative humidity measurements were taken on an hourly
basis at the forced draft fan inlet using a sling

psychrometer.

5. The continuous measurement instrumentation system was
placed in operation at location 1 and location 2.
Strip charts and digital output derived from the system

were collected and logged at the conclusion of the test.

6. Gas samples were taken manually at location 1 and
location 3; grain loading samples were taken at
location 2 and location 3 as required for the specific

test.

7. On-site calculations were made with the programmable

calculator as described in the Test Plan.

Data from all of the above efforts were collected at the conclusion of
each test, marked with the appropriate identification number, noted in
the Master Data Log, and filed in a data test package (in accordance

with the data management procedures described in the Test Plan).
CONTINUQUS MEASUREMENT SYSTEM

The MITRE continuous measurement system consisted of a number of gas
sensors, velocity, pressure, and temperature transducers, a sample
handling system to condense water vapor, strip chart recorders, and
digital tape printers, and the necessary filters, probes, heated lines,
and valves to control the flow of flue gases to the sensors. The system
was designed to clean sampling line filters on a periodic basis by

"blowback" with pressurized air; and to maintain calibration of the

13



sensors by the periodic introduction of known concentrations of test

gases into the system.

The continuous measurement system was constructed in two major sections,
each section separately contained in a shed enclosure for environmental
protection. The first section of the system was located at the econo-
mizer of the steam generator (measurement location 1). This portion

of the system consisted of a water vapor condenser, a sulfur dioxide
analyzer, an oxygen analyzer, and a velocity measurement system with
strip chart output. A temperature monitoring system with a digital
output was also located at this position. The second section of the
continuous measurement system was located in a shed mounted on the

roof of the steam generator building at a position opposite the mid-
point of the stack. At this location, the system included a water vapor
condenser, a sulfur dioxide analyzer, an analyzer for nitrogen dioxide
and nitrogen oxide, a carbon dioxide analyzer, a carbon monoxide analyzer,
a hydrocarbon analyzer, an oxygen analyzer, and a velocity measurement
system with strip chart output. The system at this location also

included a particulate monitoring system with digital output.

MANUAL MEASUREMENTS

Manual measurements were made during the Baseline Test program by the

MITRE test team and by a stack sampling subcontractor (Midwest Research

Institute).

The measurements by the MITRE test team included the observation and
recording of all major gauge board readings from the steam generator
control room, observation and recording of coal scale readings, measure-
ment of atmospheric pressure, and measurement of moisture content of

air at the forced draft fan inlet to the steam generator. The efforts
of the MITRE test team also included the collection of coal and ash

samples at various points in the steam generator.

The manual measurements by the Midwest Research Institute team included
the collection of gas samples at the economizer (measurement location 1)

and midway in the stack (measurement location 3). Particulate samples

14



were also obtained by the Midwest Research Institute team at the air
heater (measurement location 2) and midway in the stack, Orsat analyzers
of the flue gas at the air heater were also conducted by Midwest Research

Institute.
MEASUREMENT PARAMETERS

The parameters monitored at each of the three measurement locations are
indicated in Table 3. The parameters shown as being monitored by the
continuous measurement system were normally measured on all of the
twenty-one tests. The manual measurements shown in Table 3, in most

cases, were varied for specific tests.

As mentioned previously, the parameters monitored by the MITRE test
team included the observation and recording of all major gauge board
readings from the control room, observation and recording of coal scale
readings, measurement of atmospheric pressure, and measurement of the
moisture content of the air at the forced draft fan inlet to the steam

generator. A listing of these parameters is provided in Table 4.

Information was also obtained from the steam generator control system

in the form of hourly printouts from the control system computer. Key
temperatures, pressures, flow rates, and electrical measurements were

recorded on these data log printouts, as well as several calculated

values (i.e., boiler efficiencies, integrated fuel flows).
MEASUREMENT LOCATIONS

The three locations utilized in the Baseline Measurement included:
location 1 - the flue section between the secondary superheater and
economizer, location 2 - in the inspection window area between the upper
and lower sections of the air preheater ducting, and location 3 - midway
in the stack.

The first of these locations, prior to the economizer, was selected
to provide data at the relatively high temperatures corresponding to
the inlet to a Cat-0x system designed for installation in new steam

generators. Four ports were in existence at this location. Three
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9l

LOCATION 1
(PRIOR TO ECONOMIZER)

LOCATION 2
(BETWEEN UPPER AND LOWER
TUBES OF AIR HEATER)

TABLE 3

CONTINUOUS MEASUREMENT SYSTEM

02

50,

TEMPERATURE, AIR HEATER, AIR IN
TEMPERATURE, AIR HEATER, AIR OUT
TEMPERATURE, AIR HEATER, GAS IN
TEMPERATURE, AIR HEATER, GAS OUT
TEMPERATURE, AIR ENTERING FORCED DRAFT FAN
HUMIDITY, AIR ENTERING FORCED DRAFT FAN

PITOT TUBE AP
STATIC PRESSURE GAS FLOW MEASUREMENT
FLUE GAS TEMPERATURE

(NO CONTINUOUS MEASUREMENT AT THIS LOCATION)

BASELINE MEASUREMENT PARAMETERS (CONTINUOUS AND MANUAL MEASUREMENTS)

MANUAL MEASUREMENTS

503
5092
NOx
co
[o{8)]
ORSAT 09
ORSAT CO3
ORSAT CO

GRAIN LOADING

PARTICULATE SIZE DISTRIBUTION
ELEMENTAL ANALYSIS OF PARTICLES
BOUND CONSTITUENTS ON PARTICLES

PITOT TUBE AP
STATIC PRESSURE GAS FLOW MEASUREMENT
FLUE GAS TEMPERATURE



L

LOCATION 3
(MIDWAY IN STACK)

OTHER LOCATIONS

TABLE 3 (CONCLUDED)

CONTINUOUS MEASUREMENT SYSTEM

PITOT TUBE AP
STATIC PRESSURE
FLUE GAS TEMPERATURE

GRAIN LOADING

SO2

X

GAS FLOW MEASUREMENT

NO
02
HYDROCARBON
co

CO9

(NO CONTINUOUS MEASUREMENTS AT OTHER LOCATIONS)

BASELINE MEASUREMENT PARAMETERS (CONTINUOUS AND MANUAL MEASUREMENTS)

MANUAL MEASUREMENTS

S03 ORSAT 02
502 ORSAT CO9
NOx ORSAT CO
co Hg VAPOR
CO»

GRAIN LOADING

PARTICLE SIZE DISTRIBUTION
ELEMENTAL ANALYSIS OF PARTICLLS
BOUND CONSTITUENTS ON PARTICLES

PITOT TUBES AP
STATIC PRESSURE
FLUE GAS TEMPERATURE

GAS FLOW MEASUREMENT

PROXIMATE & ULTIMATE ANALYSIS OF COAL
ELEMENTAL ANALYSIS OF COAL

ELEMENTAL ANALYSIS OF BOTTOM ASH

ELEMENTAL ANALYSIS OF AIR HEATER ASH

ELEMENTAL ANALYSIS OF MECHANICAL SEPARATOR ASH
PROXIMATE ANALYSIS OF PYRITE REJECTS

PROXIMATE ANALYSIS OF BOTTOM ASH

PROXIMATE ANALYSIS OF AIR HEATER ASH
PROXIMATE ANALYSIS OF MECHANICAL SEPARATOR ASH
ELEMENTAL ANALYSIS OF PYRITE REJECTS



TABLE 4

BASELINE MEASUREMENT PARAMETERS
(STEAM GENERATOR GAUGE BOARD READINGS)

CONDENSER VACUUM (PSI)
ATM PRESS. AT AIR INTAKE (IN OF H

HUMIDITY AT AIR INTAKE (%)
(INTEGRATOR LOG READINGS)
BOILER STEAM FLOW (LBS./HR.)
BOILER FW FLOW (LBS./HR.)
BEVEL GAS FLOW (LBS./HR.)
SH SPRAY FLOW (4TH FLOOR) (LBS./HR.)
RH SPRAY FLOW (4TH FLOOR) (LBS./HR.)
'A'" COAL SCALE (CLICKS)
"B' COAL SCALE (CLICKS)
'C' COAL SCALE (CLICKS)
'D' COAL SCALE (CLICKS)
(GAUGE BOARD READINGS)
(UTILITIES SECTION)
CONDENSER PRESSURE (IN OF Hg)
(FEEDWATER & STEAM SECTION)
DRUM PRESS (PSI)
D.C. HEATER PRESS (PSI)
4A BFP DISCH (PSI)
4B BFP DISCH (PSI)
BLR FEED HDR (PSI)
FW FLOW TO BLR (LBS./HR.)
MAINSTREAM TEMP (°F)
THROTTLE PRESSURE (PSI)
HOT REHT TEMP. (°F)
COLD REHT TEMP. (°F)
4A RH SPRAY VALVE (%)
4B RH SPRAY VALVE (%)
BURNER TILT (%)
4A SH SPRAY VALVE (%)
4B SH SPRAY VALVE (%)
AIR & FUEL SECTION
4A FD FAN DISCH. (IN OF H50)
4B FD FAN DISCH. (IN OF H70)
FURN. DRAFT (IN OF H0)
RHTR. OUTLET (IN OF H50)
SUPHTR OUTLET (IN OF H»0)
ECON. OUT (IN OF H70)

g)

18



TABLE 4 (CONCLUDED)

BASELINE MEASUREMENT PARAMETERS
(STEAM GENERATOR GAUGE BOARD READINGS)

4A ATR HEATER OUT (IN OF H0)
4B AIR HEATER OUT (IN OF H20)
4A DUST COL. OUT (IN OF H20)
4B DUST COL. OUT (IN OF H20)
STACK INLET (IN OF H20)

FLUE GAS 02 (%)

STEAM FLOW (LBS./HR.)

AIR FLOW (LBS./HR.)

UNIT GROSS GEN. (MW)

AH 4A GAS OUT (°F)

AH 4B GAS OUT (°F)

4A MILL (AMPS)

4B MILL (AMPS)

4C MILL (AMPS)

4D MILL (AMPS)

4A ID FAN (AMPS)

4B ID FAN (AMPS)

4A FD FAN (AMPS)

4B FD FAN (AMPS)

4A MILL FEEDER (%)

4B MILL FEEDER (%)

4C MILL FEEDER (%)

4D MILL FEEDER (%)

GAS VALVE (%)

4A ID FAN SPEED (RPM)

4B ID FAN SPEED (RPM)

4A ID FAN DAMPER (%)

4B ID FAN DAMPER (%)

4A FD FAN SHTOFF DAMP. (%)
4B FD FAN SHTOFF DAMP. (%)
4A FD FAN VANES (%)

4B FD FAN VANES (%)

FUEL AIR RATIO SET PT. (%)
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additional ports were constructed to bring the total to seven ports at
this location. Four measurement points were selected for each port so
as to provide the proper number and distribution of measurement points
in accordance with ASTM Standard D2928-71. '"Standard Method for Sampling
Stacks for Particulate Matter." The numbers assigned to the ports and

points at location 1 and the associated dimensions are shown in Figure 1.

Location 2Z, between the upper and lower sections of the air preheater,
was selected as representative of a lower temperature condition prior to
any existing or planned flue gas treatment system. This location was
selected as the best available point prior to the mechanical collector
for the measurement of particulate. The ports and sampling points for
this location are shown in Figure 2. At location 2 there are two iden-
tical ducts, only one of which is shown in Figure 2. The twenty sampling
points which are shown directly in the line with the ports were reached
with a seventeen-foot sampling probe. The twenty sampling points which
are not directly in line with the ports were reached by an "offset'" mod-

ification attached to the seventeen-foot probe.

Location 3, approximately 135 feet above the foundation of the 250-foot
stack, was selected to provide a condition representative of the flue
gas emitted to the atmosphere (and, in this instance, conditions which
will be seen at the reheat Cat-Ox/steam generator interface). Access at
this location was achieved by installing a platform around the stack
with a walkway to the adjacent power station roof. Four ports were
installed in the stack at this location as shown in Figure 3. Nine
measurement points were selected for each port to provide the proper

number and distribution of measurement points consistent with ASTM

Standard D2928-71.
MANUAL SAMPLING SCHEDULE

Table 5 provides a summary of the test conditions followed in the
Baseline Measurement program. Table 5 also presents a summary of the

schedule followed in obtaining manual samples at the three measurement

locations.
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FIGURE 2
CROSS SECTION OF DUCT AT LOCATION 2, IN AIR PREHEATER,
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As noted in Table 5, emphasis was placed on the measurement of SOZ’ NOX,
CO, and CO2 concentrations, and in the determination of mass loading.
These measurements were originally scheduled for all twenty-one tests

for correlation against the measurements obtained from the continuous
measurement instrumentation system. The gas measurements were subse-
quently rescheduled as shown in Table 5 so as to provide the maximum
coverage of test conditions with the resources allocated for the program.
Mass loading samples were obtained for all of the tests, since it was
anticipated that the portion of the continuous measurement system that
measured this parameter (B-tape sampling) would not be operable early

in the test schedule.

Particle size distributions were originally scheduled for each fuel
type (A, By, C, and D) with an extra sample scheduled for fuel type A.
However, difficulties were encountered on the B fuel test (test No. 6)

and an insufficient sample was obtained for the measurement.

Elemental analysis of the fly ash was scheduled for each of the fuel
types with extra samples scheduled for two 50 MW tests (test 17 and

test 19) to note any possible effect from scot blowing.

Bound constituents were determined (both by photoelectron spectroscopy
and chemical analysis) for tests representing the four fuel types, with

an extra sample scheduled for fuel type A.

Ultimate and proximate analysis of coal was scheduled for all of the
twenty-one tests, since these results were required for the calculation

of efficiencies and for other material balances.

Analyses of the ash at the various locations within the steam generator
system were scheduled as shown in Table 5 so as to provde a maximum of

information on a materials balance within the system.
MANAGEMENT OF DATA

The data management system used during the Baseline Measurement test
included a uniform labeling system for all data samples, and log sheets

forwarded from the test site.
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The purpose of the labeling system was to provide full and manageable

control of all data. Fourteen items were specified to be included on

the label; however, not all data, samples, or logs required all the items

The fourteen items included:

1.

O 00~ O U W N

= = e
Ww N = O

14,

Label ID: XXYYZZ

(Where XX = type sample, i.e., CS = coal sample, PA = pit
ash sample, etc.; XY = test number, and ZZ = consecutive
sample number)

Parameters Measured

Date: (Day/Month/Year)

Location

Port of Measurement

Depth of Probe (inches)

Time of Samples (Time Range for Strip Charts)

Names of Data Collector

Name of I.P., Shift Supervisor

Fuel Type (A, B, C, or D)

Load Factor (MW)
Excess Air Ratio (Normal, Max, or Min)
Soot Blowers (Yes or No)

Burner Angle (Normal, Max, Min),

In addition to the uniform labeling system, a data management log was

used to verify the location and status of the various data packages.

This log, which served as the primary control log for all data packages,

was completed by a member of the MITRE test team at the completion of

each day's test run. The log included the following major entries:

1.
2.
3.
4.
5.
6

Test Number and Date

Expected Variables

Coal and Refuse Sampling
Temperature Monitoring
Continuous Flue Gas Monitoring

Manual Flue Gas Sampling
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7. Operating Conditions
8. On-Site Calculations Performed
9. Personnel

10. Test Director Notes.

A full description of the complete data management log is provided in

Appendix II.

After the log sheet was completed for the test run, it was shipped along
with the continuous measurement data to the MITRE Washington facility.
The log sheet was then maintained in a MITRE control log in which MITRE
personnel noted the receipt and condition of the other data packages

associated with that day's test run.

After the data were received and logged at the MITRE Washington facility,
they were then stored in a central archive with controlled access.
These data were stored in labeled fiberboard file boxes (one box per

test day) under the custody and control of the MITRE Task Leader.
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SECTION IV
DATA PROCESSING

This section describes the procedures followed by the MITRE test team
in processing the data output from the continuous measurement system,
steam generator operating data, and data obtained from the manual
measurements made by the Midwest Research Institute. Information is
also provided in this section on the data reduction system developed
for MITRE's IBM 360/50 computer, and on the structure and contents of

the data base as used for baseline test calculations.
CONTINUQUSLY MEASURED DATA

The data output from MITRE's continuous measurement system consisted of
strip chart outputs from the sulfur dioxide analyzer at the economizer,
the oxygen analyzer at the economizer, the economizer velocity measure-
ment system, the sulfur dioxide analyzer at the stack, the stack analyzer
for nitrogen dioxide and nitrogen oxide, the carbon dioxide analyzer at
the stack, the carbon monoxide analyzer at the stack, the stack hydro-
carbon analyzer, the oxygen analyzer at the stack, and the stack velocity
measurement system. The continuous measurement system data output also
included the digital tape output from the temperature monitoring system
at the economizer, and strip chart output from a continuous recording

barometer.

Data from the strip charts were transcribed at hourly intervals based on
a visual averaging of the data over a one-hour period. If gaps in the
chart prevented transcription for a particular hour, the average value
for the test was substituted. Since the instruments were calibrated
prior to each test and were adjusted during the test as required, the

transcribed values needed only to be corrected for zero level offset.

The transcription process was straightforward for all gases except NOX.
Here, the analyzer provided both NO2 and NO + NO2 values. The NO2 data,
being within instrumental noise, were assumed to be zero and the NO + NO2

data were transcribed as NO only.
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STEAM GENERATOR OPERATING DATA

The steam generator operating data recorded for the Baseline Test
included all major gaugeboard readings, coal scale readings, atmospheric
pressure, and moisture content of the air at the inlet to the forced
draft fan as recorded manually on the operating conditions log sheet.
These data were recorded at approximately hourly intervals throughout
the duration of the test. Additional data in the form of key temper-
atures, pressures, and flow rates were also obtained on an hourly basis
in the form of printouts from the control system computer. No further
transcription was required of the steam generator operating data beyond
the original log sheet entries and the printouts, with the exception of

the fuel consumption rates.

The total coal consumption was obtained from the integrator dial on the
coal scales which indicated the number of 400-pound units supplied. To
obtain the consumption rate the dial reading at the beginning of a test
was subtracted from that at the end of the test, multiplied by 400, and
divided by the time interval. Consumption rates were computed for each

of the four coal scales and added to obtain the total coal consumption

rate for the test.

The gas consumption rate was computed in a similar manner. Integrator
.ok . 4 . :

meter values indicating 10 cubic foot units were used to calculate

an average value for the test. Gas pressure and temperature test

averages were also computed.

MANUAL MEASUREMENTS

Data obtained by the Midwest Research Institute as part of their manual
measurement program were entered directly on series of MRI field test
forms. Copies of these completed field test forms were forwarded to
MITRE; however, no further transcription of the data was performed by
MITRE. The data on the field test results were utilized along with the
analytical laboratory results to provide the required information on
grain loadings, gas concentrations, particulate mass flows, and gas

mass flows. All calculations required to provide this information
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were performed by the Midwest Research Institute using standard com-

putational procedures.

Data sheets reporting the results of analysis of natural gas samples
(as analyzed by MRI and the Illincis Geological Survey) were also

received at MITRE and utilized without further transcription.
DATA REDUCTION SYSTEM

As an aid to the analysis of baseline test results, a data reduction
system was developed for the IBM 360/50 computer at the MITRE/Washington
facility. The following discussion describes the structure of this

system and gives an inventory of the data base contents.
Data Reduction System Structure

The data reduction system consists of a data base of measurement values
and a PL/1 computer program. The data base, although large in terms

of manual processing, is relatively small from a computer standpoint

and does not require any specialized storage techniques or access
methods. It consists of unit records (i.e., card or card images on tape)
accessed in a conventional sequential fashion. Each record consists

of measurements of a single type identified in the following manner:

1. Type of Data

- Coal Composition

- Gas Composition

- Flue Gas Composition

- Refuse Characteristics
— Fuel Composition

— Air Heater Temperature
Ambient Conditioms

- Electrical Power

— Operating Conditions

— Miscellaneous Constants

— Flow Characteristics

A W P O 00 N oW N
|

— Duct Characteristics

33



2. Test Number

3. Date

4, Time

5. Location (does not apply to some data types)

1 - Economizer
2 - Air Heater
3 - Stack
6. Measurement Method (does not apply to some data types)

0 - Manual

X - Manual (Orsat)

1l - Continuous (MITRE Instrumentation)
2 - Continuous (IPC automatic data log)

The basic record format is given in Table 6. Detailed formats for each

data type are given in Tables 7 through 18.

The computer program to process the data has been designed as a main
program ''shell" into which modules for the individual calculations can
be inserted. This main program reads the system control cards and
accesses individual records in the data base. ‘Each module selects the
specific data values that are required for its calculations, performs
these calculations, and prints the results. If some of the required
data items cannot be found, the module will omit those calculations
which depend upon the missing items, but will perform the remainder of
its calculations. In addition, data items of a single type which have
the same test number, time, and data may reside on physically separate
records as long as they are placed in the proper columns. This flex-
ibility simplifies data transcription since measurements which should
reside in the same record may not be available at the same time or

recorded on the same source document. The modules being implemented are

as follows:

1. Efficiency Calculation
2. Excess Air Calculation

3. Volume and Mass Flow Calculations for Flue Gases

Table 19 summarizes the characteristics of these modules.
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TABLE 6

BASIC RECORD FORMAT

COLUMNS DESCRIPTION
1 Type of Data
2-3 Test Number
4 -9 Date
4 - 5 Day
6 -7 Month
7-9 Year
10 - 13 : Time (24-hour clock)
14 Location
15 Measurement Method
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 ~ 45 Measurement Values
46 - 50
51 - 55
56 - 60
61 - 65
66 - 70
71 - 75
76 - 80
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COLUMNS
1

2-9
10 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 - 45
46 - 50

TABLE 7

COAL COMPOSITION RECORD FORMAT

DESCRIPTION

nyn
Identification (Test Number and Date)
Unused

Ash Fraction

Carbon Fraction

Hydrogen Fraction

Nitrogen Fraction

Sulfur Fraction

Moisture Fraction

Heat Content (BTU/1b.)
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COLUMNS
1

2-9
10 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 - 45
46 - 50
51 - 56

TABLE 8

GAS COMPOSITION RECORD FORMAT

DESCRIPTION

non

Identification (Test Number and Date)
Unused

Unused

Carbon Fraction
Hydrogen Fraction
Nitrogen Fraction
Sulfur Fraction
Unused

Heat Content (BTU/1b.)

Specific Gravity
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TABLE 9

FLUE GAS COMPOSITION RECORD

COLUMNS DESCRIPTION
l ”3"
2 -15 Identification (Test Number, Date,

Time, Location, Method)

16 - 20 CO2 Fraction#*

21 - 25 02 Fraction#*

26 - 30 CO Fraction*

31 - 35 N2 Fraction*

36 - 40 SO2 Fraction*

41 - 45 Hydrocarbon Fraction*

46 - 50 Hydrocarbon Molecular Weight

51 - 55 Hydrocarbon Heating Value (BTU/ft3)
56 - 60 NO Fraction#®

61 - 65 N02 Fraction*

* A fraction value >1 implies that the units are ppm.
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TABLE 10

REFUSE CHARACTERISTICS RECORD FORMAT

COLUMNS
1

2-9
10 - 15
16 - 20
21 - 25
26 - 30

DESCRIPTION

AL
Identification (Test Number, Date)
Unused

Pit Ash Heating Value (BTU/1b.)
Fly Ash Heating Value (BTU/1b.)

Flue Gas Particulate Mass Flow Rate
(1b./hr.)
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COLUMNS
1
2-13
14 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40

TABLE 11

FUEL CONSUMPTION RECORD FORMAT

DESCRIPTION

HS"

Identification (Test Number, Date,
Time)

Unused

Coal Consumption Rate (1b/hr.) x 10~
Fuel Air Mixture Temperature (°F)
Gas Flow Rate (ft3/hr. X 10—3)

Gas Pressure (1b/in2)

Gas Temperature (°F)

40
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TABLE 12

ATR HEATER TEMPERATURE RECORD FORMAT

COLUMNS DESCRIPTION

1 Il6ll

2 -13 Identification (Test Number, Date,
Time)

14 - 15 Unused

16 - 20 Air Heater Entering Air Temperature
(°F)

21 ~ 25 Air Heater Exit Gas Temperature (°F)
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TABLE 13

AMBIENT CONDITIONS RECORD FORMAT

COLUMNS
1
2 - 13
14
15
16 - 20
21 - 25
26 - 30

DESCRIPTION

" 7"

Identification (Test Number, Date,
Time)

Unused
Identification (Method)

Ambient Temperature at Forced Draft
Fan (°F)

Relative Humidity Fraction at Forced
Draft Fan

Ambient Pressure at Forced Draft
Fan (inches Hg.)
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TABLE 14

ELECTRICAL POWER RECORD FORMAT

COLUMNS
1

2 - 13
14 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 - 45
46 - 50
51 - 55

DESCRIPTION

" 8"

Identification (Test Number, Date,
Time)

Unused

Pulverizer No., 1 Current (amperes)
Pulverizer No. 2 Current (amperes)
Pulverizer No. 3 Current (amperes)
Pulverizer No. 4 Current (amperes)

Forced Draft Fan No. 1 Current
(amperes)

Forced Draft Fan No. 2 Current
(amperes)

I. D. Fan No. 1 Current (amperes)

I. D. Fan No. 2 Current (amperes)
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TABLE 15

OPERATING CONDITIONS RECORD FORMAT

COLUMNS DESCRIPTION

1 gt

2 - 13 Identification (Test Number, Date,
Time)

14 - 15 Unused

16 - 20 Steam Flow (Ib./hr. x 107°)
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TABLE 16

MISCELLANEOUS CONSTANTS RECORD FORMAT

COLUMNS DESCRIPTION

1 TAY

2-9 Identification (Test Number, Date)
10 - 15 Unused

16 - 20 Air Heater Leakage Fraction
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TABLE 17

FLOW CHARACTERISTICS RECORD FORMAT

COLUMNS DESCRIPTION
l "B"
2 -15 .Identification (Test Number, Date,

Time, Location, Method)

16 - 20 Flue Gas Temperature (°F)
21 - 25 Duct Static Pressure {(inches HZO)
26 - 30 Flue Gas Velocity (ft/min.)
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TABLE 18

DUCT CHARACTERISTICS RECORD FORMAT

COLUMNS DESCRIPTION

1 "e

2-13 Unused

14 Identification (Location)
15 Unused

16 - 20 Area (ftz)
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NAME OF MODULE

EFFICIENCY

EXCESS AIR

FLOW

TABLE 19

COMPUTATION MODULES

REQUIRED DATA BASE RECORDS

1, 2, 3, 4,5, 6, 7, 8 9, A

PRINTED QUTPUT

Net Efficiency

Gross Efficiency
Electrical Power Inputs
Individual Losses
Radiation Loss

~Excess Air Percentage

For Each Flue Gas Constituent:
Volume Flow (Actual)
Volume Flow (Standard Conditions)
Mass Flow



Contents of the Data Base

The previous discussion of the data reduction system described the data
base with respect to its format and data storage capabilities. The
following discussion will describe the data base as it was actually used
for baseline test calculations. An inventory of all information contained
in the present version of the data base is given, together with an indi-
cation of the data selected for the final computations. The data base

itself is reproduced in Appendix C.

1. Coal Composition
The data base contains the as-received ash, carbon, hydrogen,
nitrogen, sulfur, moisture and heat value of the coal for all
21 tests as analyzed by Midwest Research Institute.

2. Gas Composition
For the three tests which used natural gas the data base
contains the as-received carbon, hydrogen, nitrogen, sulfur
‘and heat value of the gas as well as specific gravity.

3. Flue Gas Composition
Table 20 is an inventory of the flue gas measurements by
location, measurement type and gas constituent. It also
indicates which measurements were used in the final calcula-
tions. The manual and Orsat measurements consisted of a single
test value or, in some cases, the average of two values. The
continuous measurements consisted of hourly average values
transcribed from MITRE strip charts. The column entries which
appear on Table 20 and on Table 21 and 22 which are capital
letters (C, M, and 0) indicate whether, for these particular
gases and at these locations, continuous, manual, or Orsat
analysis results were used in the computations. Conversely,
a lower case entry (c, m, and o) indicates where the data could
not be used in the computation (incidences where data were

suspect, or lacking because of equipment failure).
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TABLE 20
FLUE GAS DATA INVENTORY FOR LOCATIONS 1, 2, AND 3

LOCATION 1 LOCATION 2 LOCATION 3
;‘I}]:::’;'?E 02 CO2 SO2 02 COZ O2 C02 502
NUMBER M C O/M COIMCOIMCOIM COIMCOIM C OIM C O
11 C C Olm 4]
9 9 M c o o 0lm 0
8 C M m C ¢} o 0O jm 0 |M
12 C M m C o o 0lm Om C
7 C M m C o o C ofm C ofm C
1 C M m C o o C oim €C o{m C
6 c M m C o o C ojm C om C
18 C M m C o o C olm C o|m C
13 C M m C o o C oflm C o{m C
4 C olM olm C o o C ojm €C o|m C
5 C M n € o o C olm € olm C
10 c M m C o o C o|m €C o lm C
20 c M m C o o C oim C o |m C
2 c M m C o o C o|lm C o |mn C
3 c M m C o o C ofm C o m C
17 C M m C o o C oim C o c
19 C oM o|m C o o C ojm C o m C
21 C M nm C o o C olm C o im C
14 C o o o C o C o C
15 C C o o C o C o
22 C c o o C o C o C
DATA USED IN COMPUTATION OF DATA NOT USED
EFFICIENCY, VOLUME FLOW, AND IN COMPUTATIONS
MASS FLOW
C - CONTINUOUS (MITRE) m - MANUAL
M - MANUAL o - ORSAT
0 - ORSAT
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10.

Fuel Consumption

The data base contains the coal consumption rate, the fuel air
mixture temperature (assumed fixed at 150°F) and the natural gas
volume flow rates, pressures, and temperatures. These measurements
were obtained from Illinois Power continuous monitoring instru-
ments. Average values for each test were inserted into the
data base.

Air Heater Temperatures

Air input and gas output temperatures in the air heater were obtained

on an hourly basis from both the Illinois Power automatic data
log and the MITRE continuous measurements recorded on digital
tape. Table 21 is an inventory of these measurements which
indicates the data used in the computations.

Ambient Conditions

The data base contains the average ambient temperature, relative
humidity and barometric pressure for each of the 21 tests. These
values were obtained from a dry bulb thermometer, a sling psy-
chrometer, and a mercury column barometer, respectively. The
measurements were made near the forced draft fan inlet.
Electrical Currents

The pulverizer, forced draft fan and ID fan electrical current
consumptions were recorded from the Illinois Power continuous
monitoring instruments. The data base contains average values
for these currents for each of the 21 tests.

Steam Flow

For each test an average steam flow was obtained from the
I1linois Power continuous monitoring instruments.

Air Heater Leakage

A constant value of 107 was used as suggested by Illinois Power.
Flue Gas Flow Rates

Table 22 is an inventory of flue gas temperatures, static
pressures and velocities for each loaction. The continuous

measurements were taken from MITRE strip charts. An average
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TABLE 21
AIR HEATER TEMPERATURE INVENTORY
MITRE AIR GAS

TEST INPUT OUTPUT
NUMBER C D C D

11
9
8

12

18
13

4

5
10
20

2

3
17
19
21
14
15
22

aQ O o 0 a 0 o 0 0 0 0 0 0 0 00
[ & T = P = Py T~ T~ T = P o P = P - o T - T v A I = B« B o
0O O 0O 0 0O 0 0 o0 0 000 00 o0
A A A A A A A A A A A AR DD Y - oo

Data used in computation Data not used
of efficiency: in computations:

C - Continuous (MITRE) d - Automatic Data Log
D - Automatic Data Log
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TABLE 22
FLUE GAS FLOW RATE INVENTORY

LOCATION 1 LOCATION 2 LOCATION 3
?;g?E TEMP. PRESS. | VELOCITY| TEMP. | PRESS. | VELOCITY| TEMP. | PRESS. |{VELOCITY
NUMBER C M AJC M AjC M AJC M A/C M AJC M A M AJC M Al C M A
11 C d A M M M M M M
9 C c A M M M M M M
8 C o A M M M M M M
12 c c A M M M M M M
7 c c A M M M M M M-
1 C c A M M M M M M
6 C c A M M M M M M
18 C c A M M M M M M
13 c c A M M M M M M
4 C C A M M M M M M
5 o o A M M M M M M
10 C C A M M M M M M
20 C C A M M M M M M
2 C C A M M M M M M
3 C C A M M M M M M
17 c C A M M M M M M
19 c C A M M M M M M
21 « C A M M M M M M
14 c C A M M M M M M
15 4 C A M M M M M M
22 C C A M M M M M M

DATA USED IN COMPUTATION

OF GAS FLGOWS

C - CONTINUOUS (MITRE)
M - MANUAL
A - ARTIFICIAL (COMPUTED FROM ANOTHER LOCATION)
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test value was used. The manual measurements were taken once
per day by Midwest Research Institute and represent an average
value across the duct. It should be noted that the Location 1
velocities were calculated from the manual Location 2 velocities

according to the following equation.

Vol + L = Vol

18,2 2
P P P
1 460 1460 ) _ 2 460
A1V1<Tl 29.9g> T LAY (f; 29.92> - AV <;2 29.92>

<
|

_ <2><ia><i> 2
1 AN\ NT,) T
511.3/\P; \T,/ T+.100
P\ /T
2V "1
V., = .61785 <:—><;;) v
1 P N\T,) 2

Vol, -~ location i volume flow

i

Li,j ~ leakage from location i to location j

Ai ~ location 1 area

Vi - location 1 velocity

Pi - location i pressure

Ti - location 1 temperature

Fi i leakage fraction from location i to j
>
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9. Duct Area

The data base contains average areas for the flue gas ducts

at locations 1, 2, and 3.
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SECTION V
ANALYSIS OF DATA

This section describes the computational procedures utilized in the
analysis of test results. Tabular displays of test results are presented
for net and gross efficiency varying load level and excess air; gas mass
flow and gas volume flow varying load level and excess air; and gas mass
flow and gas volume flow varying load level and fuel type (eicess air
fixed). Results are also presented for an overall sulfur balance, for
grain loading varying load level and soot blowing (fixed fuel type),
comparison of continuous measurement results with manual measurements

and with theoretical values, and for grain loading varying load level

and fuel type.
NET AND GROSS EFFICIENCY AS A VARYING LOAD LEVEL AND EXCESS AIR
Computational Procedures

Net and gross efficiencies were computed for all of the 21 tests in the

Baseline Measurement Program.

The efficiency calculations performed were basically those of the ASME
publication PTC 4.1 using the heat loss method. Adjustments have been
made, where required,‘based on the Illinois Power Company's computer

performance calculations.

The efficiency factor (n) is given by the following equations:

L
n = 1 - - .015 - R
g Hfuel + el
L
n = 1 - - .015 - R
n Hfuel + el + Be2

ng = gross efficiency factor

n, = net efficiency factor

L = heat losses (BTU/1lb, as-fired fuel)
Hfuel = heating value (BTU/1lb, as-fired fuel)
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Bel = electrical power consumed within system envelope
(BTU/1b, as~fired fuel)

Be2 = electrical power consumed outside system envelope
(BIU/1b, as~fired fuel)

R = radiation loss

"The heat losses come from a variety of sources. The major ones are

indicated in the following equation.

L = LUC + LCO + Ld + LG + LUHC + LmA + me + LH

LUC = heat loss due to unburned carbon in refuse
Log = heat loss due to formation of carbon monoxide
L = heat loss due to sensible heat in flue dust

L = heat loss due to heat in dry flue gas

heat loss due to unburned hydrocarbons

g'o

heat loss due to moisture in the air

£
|

heat loss due to moisture in the fuel

(o
it

heat loss due to moisture from burning of hydrogen

o

The major sources of electrical power consumption are indicated by the
following equations.

B = (B,, + B + B

el p1 * Bpy ¥ Bpg * Bp,) (1-R)

Be2 = BFl + BF2 + BIl + BIZ + BS + Bw

BPl = electric power consumption of pulverizer No. 1
BP2 = electric power consumption of pulverizer No. 2
BP3 = electric power consumption of pulverizer No. 3
BP4 = electric power consumption of pulverizer No. 4
BFl = electric power consumption of F.D. fan 1
BF2 = electric power consumption of F.D. fan 2
BIl = electric power consumption of I.D. fan 1
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I2

g W
v

s

electric power consumption of I.D. fan 2
electric power consumption of ash sluice pump
electric power consumption of service water pump

pyrite rejection fraction

Heat Losses -

Wd Ashf
Loe = w. Py P Tmc, i
£ £
co
= &8
Leo Co_F co. X 10160 C.
g 2g
c - o - Luc
b £~ 14500
Wy
Ld- = 0.2 x (t th) ﬁ_
£
tG = tg + FL (tg - ta)
LG = 0.24 x WG (tG - ta)
44CO. + 32Q. + 28(N. + CO )
W, = 2g Yg Wog g [ +5 /2.67]
G 12(C0. + G0 ) Cp * 5S¢
2g g
L _ UHC, Wo Ky
UHC W
g
co 0 CO + N ) UHC
g 8.76 © 12.04 13.75 6.01 = 385.29 M__
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= =

mf

(hy = hpy)

Woa Wa RV

2.33 N, C, + S L
C0_ + CO 2.67 Vf
g 2g

0.7685

w, =

= Mf (1048 -~ t_, + .48tG)

fA

8.936 Hf (1048 - + .48tG)

Cea

flue gas particulate mass flow rate (1b/hr)

co
he
he
1b
1b
1b
1b
1b
1b
1b
ft
ft
ft
ft
ft

al consumption rate (1b/hr)
ating value for fly ash (BTU/1b)
ating value for pit ash (BTU/1b)

ash per 1b fuel

carbon per 1lb fuel

sulfur per 1lb fuel

hydrogen per 1b fuel

water per lb fuel
nitrogen per 1b fuel

carbon burned per 1b fuel

carbon monoxide per ft3 dry flue gas
oxygen per ft3 dry flue gas

carbon monoxide per ft3 dry flue gas

sulfur dioxide per ft 3 dry flue gas

W L W W W

unburned hydrocarbons per ft3 dry flue gas

BTU/ft3 of hydrocarbons

ft3

mo

co

lecular weight of hydrocarbons

rrected air heater exit gas temperature (°F)

air heater exit gas temperature (°F)

fuel, air mixture temperature (°F)

air heater entering air temperature (°F)
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= 1b dry flue gas per 1lb fuel

g
W = flue gas specific weight
wiA = 1b water vapor per 1b dry air
wA = 1b dry air supplied per 1b fuel
FL = 1b air leakage per 1lb air to heater
hV = enthalpy of vapor at tG
hPV = enthalpy of vapor at partial pressure corresponding to ambient
temperature and relative humidity
Electrical Power Consumption -
B = 5.911 x V;lt X Amp x PF
f
Volt = voltage (volts)
Amp = current (amperes)
PF = power factor fraction
Wf = coal consumption rate (lb/hr)

Dual Fuel Operation - When natural gas is burned along with coal,

corrections must be applied to fuel composition values to convert natural

gas to an equivalent amount of coal.

wc
Vo T W Fw
¢ g
Cf = Vc (CC - Cg) + Cg
S¢ = V., (sC - sg) + sg

jast
1

£ VC(HC - Hg) + Hg
Nf = Vc(Nc - Ng) + Ng
Mf = VCMc
Hfuel = ‘Vc(Hcoal " Hgas) + Hgas
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£ = subscript for adjusted fuel values

c = coal

o4 = natural gas

WC = coal consumption rate (lb/hr)

Wg = gas consumption rate (1lb/hr)

C,S,H,N,M = coal composition as defined previously
Hfuel = adjusted fuel heating value (BTU/1b)
S = coal heating value (BTU/1b)

Hgas = natural gas heating value (BTU/1b)

Analysis and Interpretation of Results

As noted from Table 23 the average net efficiency for the tests performed

at the 100 MW load level and with A type fuel (Tests 11, 9, 8, 12, and 7)
is 88.5%. The average gross efficiency for these same tests is 88.47.

The average net efficiency for the tests performed at the 75 MW load
level and with A type fuel (Tests 4, 2, and 3) is 90.9%. The average

gross efficiency for these same tests is 90.87%.

The average net efficiency for the tests performed at the 50 MW load level
and with A type fuel (Tests 17, 19, 14, and 15) is 89.5%. The average
gross efficiency for these same tests is 89.47%.

As expected from the computational procedures, gross efficiencies are

always equal to or less than net efficiences for the same test.

The averaged net and gross efficiencies for the three load levels do show
higher values at the 75MW load level when compared to the average values

at the 100 MW and 50 MW load level. However, these differences are not

of a magnitude to be significant.

A comparison of the average net and gross efficiencies for 100 MW A fuel

tests with the 100 MW B fuel test and the 100 MW C fuel test shows no

significant differences.

Similarly, no significant differences are shown between 75 MW A, B, and C

fuel tests and 50 MW A, B, and C fuel tests.
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NET

TABLE 23

AND GROSS EFFICIENCY

TEST CONDITIONS

MITRE NET GROSS

TEST LOAD FUEL 00T EXCESS | BURNER | EFFICTENCY EFFICIENCY
DATE NUMBER | FACTOR | TYPE BLOWER | AIR ANGLE (%) (%)
11/8/71 11 100 A §O NORM. | NORM. 87.8 87.7
11/9/71 9 100 A O MIN. NORM. 88.6 88.6
11/10/71 8 100 A | %0 MAX. | NORM. 88.2 88.1
11/11/71 12 100 A YES* NORM. | NORM. 88.8 88.8
11/12/71 7 100 A YES NORM.  {NORM. 88.9 88.9
11/15/71 1 75 B Xo NORM. | NORM. 90.0 89.9
11/16/71 6 100 B X0 NORM. | NORM. 89.9 89.8
11/17/71 18 50 B i YES NORM. | NORM. 90.7 90.6
11/18/71 13 35 B ) NORM. | NORM. 90.8 90.7
11/19/71 4 75 A X0 MIN. | NORM. 90.9 90.9
11/22/71 5 75 C (s} NORM. NORM. 88.8 88.7
11/23/71 10 100 c YES NORM. | NORM. 88.9 88.8
11/24/71 20 50 c NO NORM. | NORM. 88.5 88.4
11/30/71 2 75 A NO NORM. | NORM. 90.8 90.7
12/1/71 3 75 A X0 MAX. NORM. 91.0 90.7
12/2/71 17 50 A YES NORM. | NORM. 90.9 90.8
12/3/71 19 50 A X0 MAX. NORM. 89.0 88.9
12/4/71 21 35 A X0 NORM. | NORM. 88.6 88.4
12/7/71 14 50 A NO NORM. | MIN. 88.1 88.0
12/8/71 15 50 A X0 MIN NORM. 89.9 89.8
12/9/71 22 75 D O NORM. | NORM. 90.7 90.7

* REDUCED LEVEL OF SOOT BLOWING
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GAS MASS FLOW AND GAS VOLUME FLOW VARYING LOAD LEVEL, EXCESS AIR, AND
FUEL TYPE

Computational Procedures

Gas mass flows and gas volume flows were computed for Location 1
(economizer) for SOZ’ COZ’ 02, Nz, and total gases. Mass flows and
volume flows were also computed at Location 3 (midway in stack) for NO,

COZ’ 02, Nz, and for total gases.

The flow rates for these gases at the two locations were based upon
manual velocity measurements as determined by the Midwest Research
Institute stack sampling team. These velocity measurements were, in

turn, computed by MRI using the following.

. [8.86 _ 29.92
US = 174 FPT M X P ) \/TS AP
S static

MWS = 44002 + 3202 + 28N2 + 18H20

Pstatic = PA - Pstack/l3'6
US = velocity (ft/min)
FPT = pitot correction factor (.9)
MWS = molecular weight of stack gas

static - static duct pressure (in. Hg)

Tg = sgtack temperature (°R = °F + 460)
AP = sgtack (pitot) pressure (in. Hg)
COZ’ o2’= flue gas constituents (fraction by volume
N2 moisture free)
Nz = 1 - CO2 - O2 - H20
H20 = flue gas moisture fraction
PA = atmospheric pressure (in. Hg)
Pstack = gtack pressure (in. HZO)
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As described in Section IV, manual velocity measurements at Location 2
(air heater) were adjusted with respect to pressure, temperature, duct
area, and duct leakage to provide estimates of velocities at Loaction 1
(economizer). This procedure was necessary because the velocity measuring

instrumentation at Location 1 did not function properly for the major

portion of the test program,

Volume flow rates were then calculated at the two locations for each

constituent using the measured velocities by means of the following

formula.

V. = AV x Volga
Vm volume flow (ft3/min)
duct area (ftz)
v velocity (ft/Min)
V’olgas = fraction by volume of gas constituent

(as measured by instrumentation system)

Mas flow rates were also calculated for the various gaseous constituents

for the total gases using the formula:

[v J x [MW /(359 ££3/1b mole)]
_ m gas
m [(TG + 460) /Pstaticj‘ [29.92/(460 + 32)]

= .0458 Kv’“) <ng35)}
" [(TG * 46®/Pstatic]

mass flow (1b/min)

e
[

R
m

molecular weight of gas constituent
gas
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TABLE 24

FLOW RATES FOR SO2 AT LOCATION 1

TEST CONDITIONS ggégME gﬁggxﬁ
MITRE (ACTUAL |(STANDARD | MASS FLOW
TEST LOAD FUEL SOOT |EXCESS |BURNER | FTS PER |FI3 PER | (LB. PER

DATE NUMBER | FACTOR | TYPE BLOWER |AIR ANGLE MIN.) MIN, ) MIN.)
11/8/71 11 100 A NO NORM. NORM.

11/9/71 9 100 A NG MIN. NORM.

11/10/71 8 100 A NO MAX. NORM. 1615.9 680.2 121.4
11/11/71 12 100 A YES*  NORM. NORM. 1474.7 619.9 110.6
11/12/71 7 100 A YES NORM. NORM. 1615.5 673.8 120.2
11/15/71 1 75 B KO NORM. NORM. 1118.8 471.2 84.1
11/16/71 6 100 B NO NORM. NORM. 1615.4 630.3 112.5
11/17/71 18 50 B YES NORM. KORM. 679.6 282.4 50.4
11/18/71 13 35 B NO NORM. NORM. 491.8 212.3 37.9
11/19/71 4 75 A NO MIN. NORM. 1144.3 474.3 84.6
11/22/71 5 75 C NO NORM. NORM. 196.3 81.8 14.6
11/23/71 10 100 C YES NORM. NORM. 257.0 104.9 18.7
11/24/71 20 50 c N0 NORM. NORM. 173.9 75.1 13.4
11/30/71 2 75 A NO NORM. NORM, 990.3 416.6 74.3
12/1/71 3 75 A X0 MAX. NORM. 1276.6 534.8 95.4
12/2/71 17 50 A YES NORM. NORM. 673.7 305.9 54.6
12/3/71 19 50 A %O MAX. NORM. 785.9 335.2 59.8
12/4/71 21 35 A NO NORM. NORM.

12/7/71 14 50 A N0 NORM. MIN. 589.3 246.7 44,0
12/8/71 15 50 A NO MIN. NORM. 738.1 313.1 55.9
12/9/71 22 75 D NO NORM. NORM, 404.4 160.7 28.7

* REDUCED LEVEL OF SOOT BLOWING
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TABLE

25

FLOW RATES FOR CO, AT LOCATION 1

2
—
VOLUME VOLUME
TEST COXDITIONS FLOW FLOW
MITRE (ACTUAL  |(STANDARD | MASS FLOW
TEST LOAD FUEL S00T EXCESS [BURNER | FTS PER |FT3 PER (LB. PER

DATE NUMBER FACTOR | TYPE BLOWER | AIR ANGLE MIN.) MIN.) MIN.)
11/8/71 11 100 A NO NORM.  NORM.

11/9/71 9 100 A e} MIN. NORM.

11/10/71 8 100 A X0 MAX. NORM. 52,496 22,097 2,709
11/11/71 12 100 A YES* NORM.  NORM.

11/12/71 7 100 A YES NORM.  NORM. 49,606 20,690 2,536
11/15/71 1 75 B X0 NORM.  NORM. 32,095 13,519 1,657
11/16/71 6 100 B NO NORM.  NORM. 61,879 24,142 2,959
11/17/71 18 50 B YES NORM.  NORM. 41,805 17,374 2,130
11/18/71 13 35 B X0 NORM.  NORM. 29,212 12,610 1,546
11/19/71 4 75 A X0 MIN. NORM. 44,388 18,397 2,255
11/20/71 5 75 o NO NORM.  NORM. 31,738 13,226 1,621
11/23/71 10 100 C YES NORM.  NORM. 50,692 20,695 2,537
11/24/71 20 50 c NO NORM.  NORM. 32,441 14,004 1,717
11/30/71 2 75 A XN NORM.  NORM. 58,996 24,821 3,042
12/1/71 3 75 A X0 MAX. KORM. 50,973 21,354 2,617
12/2/71 17 50 A YES NORM.  NORM. 34,738 15,771 1,933
12/3/71 19 50 A NO MAX. NORM. 32,097 13,689 1,678
12/4/71 21 35 A X0 NORM.  NORM.

12/7/71 14 50 A X0 NORM.  MIN

12/8/71 15 50 A NO MIN. NORM.

12/9/71 22 75 D X0 NORM.  NORM.

* REDUCED LEVEL OF SOOT BLOWIN
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TABLE 26

FLOW RATES FOR 0, AT LOCATION 1

2
TEST CONDITIONS w;grag}m ;’,gég“z

MITRE ACTUAL (_S_g_AlDﬂ MASS FLOW

TEST LOAD FUEL SOOT | EXCESS |BURNER | FT® PER [FT? PER | (LB. PER
DATE NUMBER | FACTOR | TYPE BLOWER |AIR ANGLE MIN.)  MIN.) MIN.)
11/8/71 11 100 A NO NORM. NORM.
11/9/71 9 100 A NO MIN. NORM.
11/10/71 8 100 A NO  MAX.  NORM. 36,456 | 15,345 | 1,368
11/11/71 12 100 A YES*  NORM. NORM. 23,993 10,086 899
11/12/71 7 100 A YES  NORM. NORM. 23,683 | 9,878 880
11/15/71 1 75 B NO NORM. NORM. 24,176 | 10,183 908
11/16/71 6 100 B NO NORM. NORM. 34,897 13,615 1,213
11/17/71 18 50 B YES  NORM. NORM, 19,240 7,996 713
11/18/71 13 35 B NO NORM. NORM, 19,274 8,320 742
11/19/71 4 75 A NO MIN. NORM. 14,817 6,141 547
11/22/71 5 75 c NO NORM. NORM. 12,806 5,337 476
11/23/71 10 100 c YES  NORM. NORM, 13,537 5,526 493
11/24/71 20 50 c NO NORM. NORM. 11,375 4,911 438
11/30/71> 2 75 A §O KORM. NORM. 20,304 8,542 761
12/1/71 3 75 A }X0] MAX. NORM, 33,311 | 13,955 1,244
12/2/11 17 50 A YES  NORM. NORM. 12,118 5,501 490
12/3/71 19 50 A 0] MAX. NORM, 24,573 10,480 934
12/4471 21 35 A NO NORM. NORM.
12/7/71 14 50 A NO NORM. MIN, 12,632 5,288 471
12/8/71 15 50 A NO MIN. NORM, 13,178 5,589 498
12/9/71 22 75 D NO NORM. NORM. 23,107 9,181 818

* REDUCED LEVEL OF SOOT BLOWING
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FLOW RATES FOR N, AT LOCATION 1

TABLE 27

2
(NO FRACTION COUNTED AS N,)
TEST CONDITIONS Zgggm‘ ggg;m ASS
MITRE (ACTUAL (STANDARD! FLOW
TEST LOAD FUEL SOOT  |EXCESS |BURNER |FT” FI3 PER | (LB. PER

DATE NUMBER | FACTOR | TYPE BLOWER {AIR ANGLE PER MIN.) | MIN.) MIN.)
11/8/71 11 100 A NO NORM. NORM.
11/9/71 9 100 A §O MIN. NORM.
11/10/71 8 100 A (0] MAX. NORM. 638,546 268,778 | 20,968
11/11/71 12 100 A YES*  NORM. NORM.
11/12/711 7 100 A YES NORM. NORM. 600,010 250,261 | 19,524
11/15/71 1 75 B NoO NORM. NORM. 482,031 203,034 15,839
11/16/71 6 100 B No NORM. NORM. 710,484 277,195 | 21,625
11/17/71 18 50 B YES NORM. NORM. 334,532 139,029 |10,846
11/18/71 13 35 B NO NORM. NORM. 252,178 108,861 8,493
11/19/71 4 75 A NO MIN. NORM. 435,611 180,539 {14,084
11/22/71 5 75 c NO NORM. NORM. 512,065 213,394 | 16,648
11/23/71 10 100 c YES NORM. NORM. 598,158 244,201 |19,051
11/24/71 20 50 o ¥0 NORM. NORM. 324,657 140,152 | 10,934
11/30/71 2 75 A NO NORM. NORM. 430,498 181,120 14,130
12/1/71 3 75 A NO MAX. NORM. 510,615 213,906 |16,688
12/2/71 17 50 A YES NORM. NORM. 275,612 125,127 9,762
12/3/71 19 50 A §O MAX. NORM. 356,697 152,125 |11,868
12/4/71 21 35 A ¥O NORM. NORM.
12/7/71 14 50 A XO NORM. MIN
12/8/71 15 50 A o] MIN. NORM.
12/9/71 22 75 D X0 NORM. NORM.

* REDUCED LEVEL OF SOOT BLOWING
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TABLE 28

FLOW RATES FOR ALL GASES AT LOCATION 1
(803, €0z, 02, N, WITH
NO FRACTION COUNIED AS N,)

TEST CONDITIONS gggg“ﬁ gggg?m

MITRE ACTUAL | (STANDARD | MASS FLOW

TEST LOAD FUEL SOOT EXCESS |[BURNER | FT3 PER |[FT3 PER (LB. PER
DATE NUMBER | FACTOR | TYPE BLOWER | AIR ANGLE MIN.) MIN.) MIN.)
11/8/71 11 100 A NO NORM. KORM.
11/9/71 9 100 A X0 MIN. KORM.
11/10/71 8 100 A NO MAX. NORM. 729,113 | 306,900 25,166
11/11/71 12 100 A YES*  NORM. KORM. 646,283 | 271,668 21,598
11/12/71 7 100 A YES NORM. NORM. 674,916 | 281,504 23,061
11/15/71 1 75 B NO NORM. NORM. 539,421 | 227,207 18,488
11/16/71 6 100 B X0 NORM. NORM. 808,876 | 315,582 25,910
11/17/711 18 50 B YES NORM. NORM. 396,257 | 164,682 13,739
11/18/71 13 35 B NO NORM. NORM. 301,155 { 130,003 10,818
11/19/71 4 75 A ol MIN. NORM. 495,961 | 205,551 16,971
11/22/71 5 75 C ¥0 NORM. NORM, 556,805 | 232,039 18,759
11/23/71 10 100 c YES NORM. NORM. 662,644 | 270,528 22,099
11/24/71 20 50 o X0 NORM. KORM. 368,647 | 159,142 13,101
11/30/71 2 75 A NO NORM. NORM. 510,788 | 214,900 18,008
12/1/71 3 75 A N0 MAX. KORM. 596,175 | 249,749 20,644
12/2/71 17 50 A YES NORM. NORM. 323,141 | 146,705 12,240
12/3/71 19 50 A NO MAX. NORM. 414,153 | 176,629 14,540
12/4/71 21 35 A NO NORM. NORM.
12/7/71 14 50 A NO NORM. MIN.
12/8/71 15 50 A NO MIN. NORM.
12/9/71 22 75 D ¥0 NORM. NORM.

* REDUCED LEVEL OF S00T BLOWING
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TABLE 2

9

FLOW RATES FOR NO AT LOCATION 3

TEST CONDITIONS ‘gfgg’m \g)gg&z
MITRE (ACTUAL  ((STANDARD | MASS FLOW
TEST LOAD FUEL S00T EXCESS |BURNER |[FTS PER (FTS PER (LB. PER

DATE NUMBER | FACTOR | TYPE BLOWER | AIR ANGLE | MIN.) MIN.) MIN.)
11/8/71 11 100 A NO NORM.  NORM.

11/9/71 9 100 A NO MIN. NORM.

11/10/71 8 100 A X0 MAX. NORM. 221.8 142.3 11.9
11/11/71 12 100 A YES* NORM.  NORM. 151.7 97.5 8.1
11/12/71 7 100 A YES NORM.  NORM. 149.7 94.7 7.9
11/15/71 1 75 B NO NORM.  NORM. 118.5 75.3 6.3
11/16/71 6 100 B X0 NORM.  NORM. 115.0 73.3 6.1
11/17/71 18 50 B YES NORM.  NORM. 74.4 48.8 4.1
11/18/71 13 35 B X0 NORM.  NORM. 55.7 37.2 3.1
11/19/71 4 75 A XO MIN. NORYM, 102.4 66.5 5.6
11/22/71 5 75 c NO NORM.  NORM. 56.6 38.0 3.2
11/23/71 10 100 C YES NORM.  NORM. 35.5 23.3 1.9
11/24/71 20 50 C NO NORM.  NORM. 26.5 18.2 1.5
11/30/71 2 75 A NO NORM,  NORM. 88.8 58.2 4.9
12/1/71 3 75 A NO MAX. NORM. 109.5 72.5 6.1
12/2/71 17 50 A YES NORM.  NORM. 62.3 42.1 3.5
12/3/71 19 50 A NO MAX. NORM. 84.8 57.0 4.8
12/4/71 21 35 A X0 NORM.  NORM. 30.9 21.0 1.8
12/7/71 14 50 A NO NORM.  MIN. 38.8 25.2 2.1
12/8/71 15 50 A NO MIN NORM. 47.1 31.3 2.6
12/9/71 22 75 D XO NORM.  NORM. 57.9 36.9 3.1

* REDUCED LEVEL OF SOOT BLOWING
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TABLE 30

FLOW RATES FOR SO, AT LOCATION 3

2
TEST CONDITIONS ggggm gggg"s
MITRE (ACTUAL | (STANDARD | MASS FLOW
TEST LOAD FUEL S00T EXCESS | BURNER | FI3 PER |FTS PER (LB. PER

DATE NUMBER | FACTOR | TYPE BLOWER | AIR ANGLE | MIN.) IMIN.) MIN.)
11/8/11 11 100 A NO NORM.  NORM.

11/8/71 9 100 A XO MIN. NORM.

11/10/71 8 100 A NO MAX. NORM. 554.9 356.0 63.5
11/11/71 12 100 A YES* NORM.  NORM. 679.3 436.0 77.9
11/12/71 7 100 A YES NORM,  NORM. 806.8 510.2 91.0.
11/15/71 1 75 B NO NORM.  NORM, 608,5 386.6 69.0
11/16/71 6 100 B NO NORM.  NORM, 765.7 488.1 87.1
11/17/71 18 50 B YES NORM.  NORM, 304.7 199.9 35.7
11/18/71 13 35 B 3o} NORM.  NORM. 219.6 146.8 26.2
11/19/71 4 75 A ¥o MIN. NORM. 606.1 393.6 70.2
11/22/71 5 75 C NO NORM.  NORM. 167.1 112.1 20.0
11/23/71 10 100 c YES NORM.  NORM, 192.5 126.1 22.5
11/24/71 20 50 c XO NORM.  NORM. 102.0 70.1 12.5
11/30/71 2 75 A XO NORM.  NORM. 452.1 296.5 52.9
12/1/n 3 75 A No MAX. NORM. 586.4 388.5 69.3
12/2/71 17 50 A YES NORM.  NORM. 361.2 243.9 43.5
12/3/71 19 50 A NO MAX. NORM. 381.1 256.2 45.7
12/4/71 21 35 A NO NORM.  NORM. 259.4 176.1 31.4
12/7/11 14 50 A NO NORM.  MIN. 341,1 221.6 39.6
12/8/71 15 50 A NO MIN.  NORM,

12/9/71 22 75 D NO NORM.  NORM. 589.1 374.9 66.9

* REDUCED LEVEL OF SOOT BLOWING
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TABLE 31

FLOW RATES FOR CO., AT LOCATION 3

2
TEST CONDITIONS ‘ggg}m ;grégrm

MITRE (ACTUAL (STANDARD| MASS FLOW

TEST LOAD FUEL sooT EXCESS |BURNER |FIS PER | FT3 PER | (LB. PER
DATE NUMBER | FACTOR | TYPE BLOWER |AIR ANGLE | MINV) MIN.) MIN.)
11/8/71 11 100 A o NORM. NORM.
11/9/71 9 100 A NO MIN. NORM.
11/10/71 8 100 A NO MAX. NORM. 46,737 29,281 3,675
11/11/71 12 100 A YES* NORM. NORM. 47,415 30,454 3,733
11/12/71 7 100 A YES NORM. NORM. 53,335 | 33,728 4,134
11/15/71 1 75 B NO NORM. NORM. 45,041 | 28,611 3,507
11/16/71 6 100 B NO KORM. NORM. 55,686 35,502 | 4,352
11/17/71 18 50 B YES NORM. NORM. 27,973 | 18,351 2,249
11/18/71 13 35 B 0] NORM. NORM. 20,501 | 13,705 1,680
11/19/71 4 75 A 1] MIN. NORM. 41,380 | 26,869 3,293
11/22/71 5 75 c (o] NORM. NORM. 32,880 | 22,059 2,704
11/23/71 10 100 C YES NORM. NORM. 47,093 | 30,837 3,780
11/24/71 20 50 o NO NORM. KORM. 22,775 | 15,656 1,919
11/30/71 2 75 A 0] NORM. NORM. 36,375 23,856 2,924
12/1/71 3 75 A NO MAX. NORM. 41,285 27,350 3,352
12/2/71 17 50 A YES KORM. NORM. 24,589 16,605 2,035
12/3/71 19 50 A ¥O MAX. NORM, 26,459 17,789 2,180
12/4/71 21 35 A 0] NORM. NORM. 19,297 13,102 1,606
12/7/71 14 50 A X0 NORM. MIN. 27,002 17,547 2,151
12/8/71 15 50 A NO MIN. NORM. 25,786 | 17,116 2,098
12/9/71 22 75 D (0] NORM. NORM. 39,472 | 25,120 3,079

* REDUCED LEVEL OF SOOT BLOWING
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TABLE 32
FLOW RATES FOR O, AT LOCATION 3
TEST CONDITIONS ‘;2},5“ ‘}fgé;m

MITRE (ACTUAL | (STANDARD MASS FLOW

TEST | LOAD | FUEL | SOOT |EXCESS |BURNER |FIS PER | FI3 PER | (LB. PER
DATE NUMBER | FACTOR | TYPE | BLOWER |AIR ANGLE | MIN.) MIN.) MIN.)
11/8/71 1 100 A NO NORM.  NORM.
11/9/71 9 100 A X0 MIN. NORM.
11/10/71 8 100 A ) MAX. NORM. 29,742 | 19,079 | 1,700
11/11/71 12 100 A YES*  NORM.  NORM. 30,965 19,888 | 1,773
11/12/71 7 100 A YES NORM.  NORM. 24,720 15,632 | 1,393
11/15/71 1 75 B No NORM.  NORM. 22,680 14,407 | 1,284
11/16/71 6 100 B NO NORM. NORM. 27,238 17,365 | 1,548
11/17/711 18 50 B YES NORM.  NORM. 15,408 10,108 901
11/18/71 13 35 B NO NORM,  NORM. 13,646 9,122 813
11/19/71 4 75 A ¥O MIN. NORM. 18,067 11,731 | 1,046
11/22/71 5 75 c ) NORM.  NORM. 8,485 5,693 507
11/23/71 10 100 c YES NORM.  NORM. 21,542 14,106 | 1,257
11/24/71 20 50 c NO NORM.  NORM. 12,721 8,744 779
11/30/71 2 75 A N0 NORM.  NORM. 15,979 10,479 934
12/1/71 3 75 A No MAX. NORM. 25,256 16,731 | 1,491
12/2/71 17 50 A YES NORM.  KORM. 13,498 9,116 812
12/3/71 19 50 A NO MAX. NORM. 18,059 12,142 | 1,082
12/4/71 21 35 A NO NORM.  NORM. 11,990 8,141 726
12/7/71 14 50 A N0 NORM.  MIN. 13,501 8,773 782
12/8/71 15 50 A NO MIN. NORM. 12,987 8,620 768
12/9/71 22 75 D NO NORM.  NORM. 16,412 10,445 931

* REDUCED LEVEL OF SOOT BLOWING
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TABLE 33

FLOW RATES FOR N, AT LOCATION 3

2
TEST CONDITIONS ;{SSEME gg!agbm

MITRE (ACTUAL [(STANDARD | MASS FLOW

TEST | LOAD FUEL S00T EXCESS | BURNER | FT3 PER |FT3 PER (LB. PER
DATE NUMBER | FACTOR | TYPE BLOWER | AIR ANGLE | MIN.) MIN.) MIN.)
11/8/71 11 100 A NO KORM.  NORM.
11/9/71 9 100 A NO MIN. KORM.
11/10/71 8 100 A NO MAX, NORM. 347,624 222,996 17,397
11/11/71 12 100 A YES* NORM.  NORM. 307,852 197,725 15,425
11/12/71 7 100 A YES NORM.  NORM. 316,059 (199,870 15,593
11/15/71 1 75 B o] NORM.  NORM. 250,990 159,437 12,438
11/16/71 6 100 B XO NORM.  NORM. 319,719 |203,830 15,902
11/17/71 18 50 B YES NORM.  NORM. 162,228  [106,427 8,303
11/18/71 13 35 B 0] NORM.  NORM. 125,742 | 84,060 6,558
11/19/71 4 75 A X0 MIN. NORM. 231,253 050,157 11,714
11/22/71 5 75 c NO NORM.  NORM. 223,571 [149,993 11,701
11/23/71 10 100 c YES ORM.  NORM. 250,170 £90,009 14,823
11/24/71 20 50 o (0] NORM.  KORM. 144,559 99,370 7,752
11/30/71 2 75 A o] NORM.  NORM. 206,926 {135,709 10,587
12/1/71 3 75 A o} MAX. NORM. 245,528 {162,654 12,689
12/2/71 17 50 A YES NORM.  NORM. 143,898 | 97,177 7,581
12/3/71 19 50 A NO MAX. NORM. 165,008 ({110,937 8,655
12/4/71 21 35 A NO NORM.  NORM. 122,802 83,378 6,505
12/7/71 14 50 A NO NORM.  MIN. 150,424 | 97,752 7,626
12/8/71 15 50 A N0 MIN. NORM. 148,038 98,260 7,666
12/9/71 22 75 D NO NORM.  NORM. 233,098 [148,345 11,573

* REDUCED LEVEL OF SOOT BLOWING
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FLOW RATES FOR ALL GASES AT LOCATION 3

TABLE 34

(80, 50,, CO,, 0,, & N,)
TEST CONDITIONS ;gggME gggg”ﬁ
MITRE (ACTUAL  |(STANDARD | MASS FLOW
TEST LOAD FUEL SOOT | EXCESS |BURNER |FT3 PER [FT3 PER | (LB. PER

DATE NUMBER | FACTOR | TYPE BLOWER { AIR  |ANGLE | MIN.) MIN.) MIN.)
11/8/71 11 100 A NO NORM.  NORM.

11/9/71 9 100 A NO MIN.  NORM.

11/10/71 8 100 A xO MAX.  NORM. | 424,879 | 272,554 | 22,848
11/11/71 12 100 A YES*  NORM. NORM. | 387,063 | 248,601 | 21,017
11/12/71 7 100 A YES NORM. NORM. |395,070 | 249,835 | 21,219
11/15/71 1 75 B NO NORM. NORM. |319,438 | 202,917 |17,305
11/16/71 6 100 B N0 NORM. NORM. | 403,524 | 257,258 | 21,894
11/17/71 18 50 3 YES NORM. KNORM. |205,988 | 135,135 |11,493
11/18/71 13 35 B NO NORM. NORM. |160,163 | 107,071 | 9,080
11/19/71 4 75 A NO MIN.  NORM. |291,409 | 189,217 |16,129
11/22/71 5 75 c N0 NORM. NORM. (265,160 |177,894 |14,936
11/23/71 10 100 c YES NORM. NORM. | 359,034 | 235,102 |19,885
11/24/71 20 50 c NO NORM. NORM. | 180,184 | 123,858 | 10,465
11/30/71 2 75 A o NORM. NORM. |[259,821 |170,399 |14,503
12/1/71 3 75 A X0 MAX.  NORM. {312,764 | 207,196 |17,608
12/2/71 17 50 A YES NORM. NORM. |182,408 |123,184 |10,476
12/3/71 19 50 A NO MAX.  NORM. |209,992 | 141,181 |11,968
12/4/71 21 35 A Y0 NORM. NORM. [154,380 {104,818 | 8,869
12/7/71 14 50 A O NORM.  MIN. 191,306 | 124,319 | 10,600
12/8/71 15 50 A NO MIN.  NORM. |186,857 |124,027 110,534
12/9/71 22 75 D X0 NORM. NORM. (289,629 |184,322 {15,653

* REDUCED LEVEL OF SOOT BLOWING
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MW
Gas gas

co 28.01

CO2 44.01

0, 32.00

N, 28.01

SO2 64.07

NO, 46.01

NO 30.01
te = gas temperature (°F)
PStatic = see velocity calculation

The results of these calculations are provided in Table 24 through 34.
Where no entries appear on these tables for volume flow and for mass flow,
the computations could not be performed because of insufficient data (due

to either equipment failure or instrument failure).
Analysis and Interpretation of Results

As noted in Table 24, the 502 flow rate at location 1 (stated in terms of
mass flow - lbs per minute) appears to be consistent with the sulfur
content of the fuel, The average mass flow for three 100 MW A fuel tests
(tests 8, 12, and 7) is 117.4 lbs/minute. The average sulfur content of
the coal consumed in these three A fuel tests was 3.42% (on "as fired"

dry basis). This average is greater than the 112.5 1lbs per minute recorded
for test 6, a 100 MW B fuel test which consumed fuel with a 2.88% sulfur
content. Both sets of tests in turn showed greater SO2 mass flow than
test 10, a 100 MW C fuel test (simulated 1.08% sulfur fuel). In a similar
comparison, the average 802 flow rate for three 75 MW A fuel tests (tests
4, 2, and 3) is 84.8 lbs/minute. These three tests utilized coal of 3.32%
average sulfur content. This average was approximately equal to the 75MW
B fuel test (test 1) which utilized coal with an average sulfur content

of 3.29% sulfur. Both the A and B fuel tests showed a greater mass flow
of SO2 than the 75 MW C fuel test (test 5) which utilized gas and coal

to simulate a 0.86% sulfur coal. The 75MW D fuel test (test 22) produced

an SO2 mass flow that was higher than expected; however, the analysis of
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the coal consumed in this test showed it to be of 1.4% sulfur content
rather than the expected .5% sulfur content. The 802 mass flows noted

for this test were therefore consistent with this measured sulfur content,
Similar relationships were found in the 50 MW tests with A, B, and C fuels,
No significant changes in 502 mass flow were found which were traceable

to changes in the soot blowing cycle or in excess air settings.

Table 25 provides the CO2 flow rate at location 1 for the various tests.
An examination of the mass flow of CO2 (in 1bs per minute) shows that for
a fixed fuel type the CO2 mass flow decreases with decreasing load levels
(as would be expected with the reduced coal feed rates associated with

the lower loads). Table 25 also illustrates that, for a fixed load level,

the CO2 mass flow rates were not significantly different for fuel types

A, B, and C.
Table 26 provides results on the 02 flow rates at location 1. These
results show that the 02 mass flow rate decreases with decreasing load

level, and for a fixed load level is not significantly different for
fuel types A and B. Tests performed on C type fuel produced O2 mass flow
rates which were both greater and lower than the corresponding tests with
A and B fuel dependent upon the load level. The greatest differences
were found between tests with fixed load level and fixed fuel types where

excess air was the parameter varied.

Flow rates fof N2 mass flow are shown on Table 27. These results show
that the N2 mass flow rate decreases with decreasing load level, and for
fixed load levels are not significantly different for fuel types A, B,
and C. For fixed load levels and fixed fuel types, greater N2 mass flow

was found for the maximum excess air test.

The flow rates for all gases shown in Table 28 represent the total of
the previous four tables and, as such, show the same relationships as
the individual gases (i.e., same decrease with decreasing load level and

same increase with increased excess air).

Table 29 provides results on the NO flow rates as measured at location 3.

Tests performed on A type fuel produced NO mass flow rates which were both
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greater and lower than the corresponding tests with B fuel dependent
upon the load level. However, for all load levels, the NO flow rates
with C fuel (predominantly natural gas) were significantly lower than

the tests performed with A and B fuels.

Table 30 provides the 802 flow rates measured at location 3. The rela-
tionships noted in Table 30 are similar to those noted in Table 24 for
location 1, i.e., for a fixed fuel type the SO2 mass flow is reduced for
reduced load levels. Inconsistencies were found in the comparison between
the 100 MW A fuel test (tests 8, 12, and 7) and the 100 MW B fuel test

(test 6). Although the sulfur content was lower for the B fuel, the 802

mass flow measured on test 6 was greater than the average 802 mass flow

for tests 8, 12, and 7. The results from test 10 did show the lower

levels for SO2 mass flow expected for a 100 MW C fuel test. The average

802 mass flow rate for the three 75 MW A fuel tests (tests 4, 2, and 3)

is approximately equal to the mass flow for the 75 MW B fuel test (test 1);
however, as was previously noted, the sulfur content of the coal consumed
in these tests was approximately equal. As was true of the measurements

at location 1, the A and B fuel tests performed at the 75 MW load level
produced higher SO, mass flows than measured in the 75 MW C fuel test.

2
Similar relationships were found in the 50 MW tests with A, B, and C fuels.

The CO2 flow rates measured at location 3 are provided in Table 31. As

shown in Table 31, for fixed fuel types, the CO2 mass flow decreases with
decreasing levels. Table 31 also illustrates that for a fixed load level,
the 002

A, B, and C.

mass flow rates were not significantly different for fuel types

Flow rates for 0, at location 3 are provided in Table 32. These results

2
show that the O, mass flow rate decreases with decreasing load level

and for a fixedzload level is not significantly different for fuel types
A and B. Tests performed with C fuel produced O2 mass flows which were
both greater and lower than the corresponding tests with A and B fuel
dependent upon the load level., Differences were found in O2 mass flow
rate between tests at the 50 MW load level with A fuel where excess air
was varied (tests 19, 14, and 15). Similar differences were not found

for 100 MW A fuel tests where excess air was varied.
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Flow rates for N, at location 3, as shown in Table 33, illustrate that
the N2 mass flow rates decrease with decreasing load levels, and for
fixed load levels are not significantly different for fuel types A, B,

and C. For fixed load levels and fixed fuel types, greater N2 flow wag
found for the maximum excess air tests.

The flow rates for all gases shown in Table 34 are based upon the totalg

for all measured gases. The same relationships are therefore shown as
for the individual gases (i.e., same decrease in flow rate with decreash@

load level and same increase with increased excess air).

SULFUR BALANCE
Computational Procedures

For each of the tests performed in the baseline program, the average

coal consumption rate was determined utilizing the manual coal scale
readings. The average sulfur content of the coal (as deternmined by
chemical analysis) was then used with the coal scale readings to deternine
the rate of sulfur feed to the steam generator. Average 502 mass flow
readings from the continuous instrumentation system at the stack were ther

used to determine the average sulfur flow at the stack (where lbs sulfur/
molecular weight sulfur
molecular weight 802

minute = lbs SOZ/minute X = 1bs SOz/minute x .50).

The rate of sulfur feed into the steam generator was then compared with

the rate of sulfur flow through the stack.

Analysis and Interpretation of Results

The results of the sulfur balance calculations are summarized in Table
35. These results are based upon measurement of the 502 concentration

of the stack gas with the exception of test 15 in which SO2 concentra-

tions measured at location 1 (economizer) were corrected using estimated -
system leakage values to provide an estimate of 502 concentration in

the stack. In all cases, the measurements of SO concentrations do

2

not include measurement of the sulfur exhausted from the gstack as 503

or the sulfur adsorbed on the ash as S0, and 803. The results provided
in Table 35 show good agreement on the sulfur balance leading to the

conclusion that the total combined error in SO2 and gas flow measurements
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TABLE 35
SULFUR BALANCE

)ﬁg?r LOAD S00T EXCESS | BURNER QXX&A gﬁow(l) ?ngl&ig%” IS\YIE‘;G;EFEED ?&E%?FEED QVERAGE ™ | surro PEFDLF
: y 0, FLOW SULFUR FLOW | FEED-FLOW
DATE NO. () | FUEL | BLOWER | AIR ANGLE | (10% LB/UR) (LB/HR) (LB/MIN) (LB/MIN) (LB/MIN) (LB/MIN)

11/8/71 1n 100 A NO NORM NORM 85.0 3.37 2865 47.7

11/9/71 9 100 A NO MIN NORM 83.5 3.40 2839 47.3

11/10/71 8 100 A NO MAX NORM 63.7 1.37 2147 35.8 63.5 31.8 4.0
11/11/71 12 100 A YES* NORM NORM 83.9 3.24 2718 45,3 77.9 39.0 6.3
11/12/71 7 100 A YES NORM NORM 84.2 3.28 2762 46.0 91.0 45.5 0.5
11/15/71 1 75 B NO NORM NORM 64.8 3.16 2048 34.1 69.0 34.5 -0.4
11/16/71 6 100 B NO NORM NORM 90.1 2.76 2514 41.9 87.1 43.6 -1.7
11/17/71 | 18 50 B YES NORM NORM 48.3 2.57 1241 20.7 35,7 17.9 2.8
11/18/71 | 13 35 B NO NORM NORM 32.3 2.51 811 13.5 26.2 13.1 0.4
11/19/71 4 75 A NO MIN NORM 63.2 3.37 2130 35.5 70.2 35.1 0.4
11/22/71 5 75 c NO NORM NORM 34.0 1.83 622 10.4 20.0 10.0 0.4
11/23/711 | 10 100 c YES NORM NORM 46.4 1.65 766 12,8 22.5 11.3 1.5
11/24/71 | 20 50 c NO NORM NORM 26.0 1.68 437 7.3 12.5 6.3 1.0
11/30/71 2 75 A NO NORM NORM 66.2 2.87 1900 31.7 52.9 26.5 5.2
12/1/71 3 75 A NO MAX NORM 65.2 3.31 2158 36.0 69.3 34.7 1.3
12/2/71 17 50 A YES NORM NORM 45.4 3.46 1571 26,2 43.5 21.8 4ob
12/3/71 19 50 A NO MAX NORM 50.5 1,47 1752 29.2 45.7 22.9 6.3
12/4/71 21 as A NO NORM NORM 32.4 3.09 1001 16.7 3.4 15.7 1.0
12/7/71 14 50 A NO NORM MIN 47.0 2.74 1288 21.5 39.6 19.8 1.7
12/8/71 15 50 A NO MIN NORM 46.3 3.37 1560 26.0 46, 6%% 23, 3%% 2.7
12/9/71 22 75 D NO NORM NORM 63.2 1.33 841 14.0 24,2 12.1 1.9

* Reduced level of soot blowing
4% Location 1

(1) Coal Scale Measurement
(2) Midwest & IGS Average
(3) MITRE Measurement at Location 3




was low. As noted in Table 35, in all cases except two cases (tests 1
and 6), the sulfur feed rate exceeded the sulfur flow rate measured in
the stack indicating that there were, in fact, small unmeasured losses

of sulfur.

GRAIN LOADING VARYING LOAD LEVEL, FUEL TYPE, AND SOOT BLOWING

Computational Procedures

Grain loadings were determined at location 2 and location 3 for all tests
by means of manual measurements. These manual measurements were taken

by the Midwest Research Institute using the sampling train and the
operating techniques specified in the Federal Register of December 23, 1971

(Volume 36, Number 247).

As noted previously, the results of the preliminary measurement program
indicated that the best method for measuring grain loading at location 2
was a 20-point, two-probe traverse in one-half of each of the two ducts
(a total of 40 points). The halves selected were varied from test to

test to provide representative sampling of the total duct.

A location 3, the grain loading for the total stack was determined by a

32-point traverse to obtain representative samples.

A summary of the grain loading results is provided in Table 36. The
emission rates shown in Table 36 were computed using the measured grain
loadings and the manually determined gas mass flow with the appropriate

conversion factors to provide values in terms of pounds of particulates

per hour.

The mechanical collection efficiencies shown in Table 36 were calculated
using the emission rates for the two locations (location 2 prior to
collection and location 3 after collection). Because of the configuration
of the ducting, this collection efficiency reflects an ash removal capa-
bility that is a result, not only of the effects of the mechanical
collector proper but, also, of the lower tubes of the air heater, and the
ducting between the air heater and the stack. For this reason, the
efficiencies shown are not absolute values but are to be considered as

relative measurements to be used only in test-to-test comparisons.
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TABLE 36

GRATN LOADING MEASUREMENTS

I ] ! ] GRATN {DALING 1

MITRE | ' T“ ) EMISSTON RATE : B ASH CONTLNT

TEST 0. | LOAD FUEL - SOOT  EXCESS CRAINS/S0F ! GRAINS/ACE LBLE l ?{;IUME;EQL oF cont
DATE (OLD) - FACTOK  TYPE  CBLOWFR - AIR LOCATION 2 LOCATION 3 [LOCATION 2 LOCATION 3 | LOCATION 2 LOCATION 3 EFFICIENGY () AS RECEIVLD BASLS
11/8/71 11 100 A ) | HORM. \ RORM, hs 0.95 : 2042 0.61 9128 -- ‘ - 10.03
19/ q a0 A N MIN ‘lunkm ALY 0.88 ! 2.64 Q.58 8460 - - 9.89
11/19/71 8 | 100 A 0 ! AKX, NORM, 441 0.94 255 0.60 9796 2166 77.8 10.25
111771 12 ‘ 1o A YEG* L NORM. | NORM, 425 1.16 \ 2,44 0.75 8252 2474 70.0 10.75
11/12/71 7 T I Y s wors. | won, 5.09 toas b 294 0.91 10596 3104 70.5 10.07

| ‘ ; 5. 38 L5001 2.90 0.93 i
11/16/71 6 | 100 \‘ B Ho | NORM, | NORM. 4,48 1.34 2.49 0.85 9808 2930 70.0 I 11.30
11/15/71 l ! 75 i B NO J NORM, NORM. 5.58 1.08 3.14 0.68 8990 1856 79.5 "‘ 10,42
11/17/71 18 ) 50 } H YES NOKM. NORM, 7.80 1.50 4,57 0.98 9830 1672 83.0 i 12,15
9.70 .42 5.67 0.93 !

11/18/7L 13 |35 ‘ B NO \ NORM. NORM, 3.79 1.00 i 2.30 0.68 1408 926 72.9 t 13.13
11/19/71 4 i 75 A NO MIN. NORM. 4.27 0.66 \‘ 2.45 0.43 6176 1072 82.7 ‘& 10.35
11/22/71 5 ( 75 ¢ NO | NORM. | NORM. 3.23 0.89 ‘ 1.89 0.59 4978 1335 ‘ 73.2 i 13.57
w2n | 10 “ 100 ¢ S jNURM. Now. > L ) 223 078 11160 2573 76.9 ‘; 16.69
11/264/71 20 [ 50 © N0  NORM. NORM. 3.63 1.12 ‘ 2.20 6.76 1676 1164 68.5 “ 15.94
11/30/71 2 | s A KO NORM. | HORM. 6.03 0.87 | 12 0.57 0096 Loes 86. ‘ 9.85
12/1/71 3 75 A NO ; MAX. NORM. 4.18 0.68 2.47 0.45 2256 1215 83.3 g 0.00
1272471 17 50 A YES ‘. NORM, NORM, 67,32 (l)flzg 2&;2 gzg 7080 1067 84.9 \ 10.14
12/3/71 19 50 A NO [ max. NORM. 1,72 0.54 2.27 0.37 482 659 85.3 4 9,56
12/4/71 21 35 A NO S NOKM. | NORM. 2.69 1.12 1.62 0.77 212 w23 | 57.5 [ 9.14
12/7/71 14 50 A NO NORM. | MIN. 4.82 1.16 2.76 0.76 4862 1248 | 744 10.78
12/8/71 15 50 A N MIN. NORM. 4.10 0.90 2.40 0.60 4222 956 & 17,5 | 1044
12/9/71 22 75 bl NO NORM, | NORM. 2,80 0.75 1.62 0.48 286 1200 2.0 ‘ 6.61

*Hoduced level of soot blowing




The ash content of the coal is determined by laboratory analysis is also

provided in Table 36 as a factor affecting the measured grain loading.
Analysis and Interpretation of Results

As noted in Table 36, tests were performed with type A fuel at two load
levels (100 MW and 50 MW) in which operating conditions were held constant

except for soot blowing.

In the first of these comparisons, test 7, an average value of 5.23 grains/
SCF was measured at location 2. This represents an increase over the
average grain loading measured in tests 11, 9, and 8 (4.38 grains/SCF).

For these three tests, no soot blowing was used during the period of the
test. The average ash content of the coal for tests 11, 9, and 8 was
approximately equal to that meaSufed for test 7, indicating that the

differences in grain loading were not attributable to this source.

For these same tests, the grain loading measurements at location 3 were

also higher for the test in which soot blowing was conducted.

At the 50 MW level, the average grain loading measured at location 2 was
6.70 grains/SCF for test 17. In this test, soot blowing was used during
the test. This result is higher than any of the grain loading measure-
ments obtained for the 50 MW A fuel tests in which socot blowing was not
conducted (tests 19, 14, and 15). As was the case with the 100 MW com-
parisons, these 50 MW tests utilized coal of approximately the same ash

content.

Two tests were run in which soot blowing was used and all other operating
parameters were constant except for fuel type. 1In the first of these
tests (test 18), B fuel was utilized. This fuel has a higher ash content
than the A fuel, and for this B fuel test an average grain loading of
8.75 grains/SCF was recorded at location 2. This represents an increase
over the results recorded for test 17, in which A fuel was utilized.

For the A fuel test, an average grain loading of 6.70 grains/SCF was
measured. These two tests indicate the degree of change in grain

loading that is attributable to differences in ash content of the coal.
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No specific patterns were found in the analysis of results in terms of
the mechanical collection efficiencies. However, in general it was noted
that greater efficiencies were noted for the tests in which B fuel

was utilized.

COMPARISON OF CONTINUOUS MEASUREMENT RESULTS WITH MANUAL MEASUREMENTS
AND WITH THEORETICAL VALUES

Computational Procedures

As described in a previous section, the scope of the Baseline Measurement
Test included manual measurements as well as measurements obtained by

the continuous measurement systems. The manual gas measurements for

NOX, co, C02, and 802 were determined by laboratory analysis of a grab
sample. Measurements of 02 and CO2 were made by means of Orsat

Analysis. 1In this section the results obtained from these manual
measurements are compared with the results obtained from the continuous

measurement system, and, where appropriate, a comparison is made with

theoretical expected gas concentrations.

The first of the comparisons is provided in Table 37. 1In Table 37, the
manual measurements, continuous measurement results, and theoretical gas
concentrations are provided for 802 in ppm as measured at location 1 and
location 2. Where no values are shown, a measurement was not possible
because of equipment failure or loss or contamination of the sample. The
theoretical 802 values shown in Table 37 are based upon the standard
methods for estimating stack gas products as described in the '"Manual

for Process Engineering Calculations' by Clarke and Davidson. The theo-
retical 802 values shown for location 3 were based upon the assumption
that there is a 15% leakage between location 1 and location 3. The values
for 802 at location 2 are therefore 857 of the theoretical values shown
for location 2.

A comparison of continuous and manual measurements for NOX in ppm is
provided in Table 38 for location 3. The manual measurement results

for NOX are also provided in Table 38 for location 2. These results from

location 2 are presented for the purpose of comparison with the results
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TABLE 37

COMPARISON OF CONTINUOUS AND MANUAL SO, AT LOCATIONS 1 AND 3 WITH THEORETICAL VALUES

2
TEST CONDITIONS LOCATION 1 LOCATION 3

MITRE THEORETICAL THEORETICAL

TEST LOAD FUEL S00T EXCESS | BURNER 80, AT 509 AT
DATE NUMBER FACTOR | TYPE BLOWER | AIR ANGLE MANUAL | CONT. |LOCATION 1 MANUAL | CONT. LOCATION 3
11/8/71 11 100 A NO NORM. NORM. 2055.0
11/9/171 9 100 A NO MIN. NORM. 2220.0
11/10/71 8 100 A NO MAX, NORM. 2541.3 | 2216.3 | 2075 1306 1764
11/11/ 7N 12 100 A YES* NORM. NORM. 1884.4 | 2281.9 | 221} 1703 1755.0 1879
11/12/71 7 100 A YES NORM. NORM, 1571.1 | 2393.6 | 2340 1800 2042.1 1989
11/15/71 1 75 B NO NORM. NORM. 1582.1 | 2074.1 | 1957 1854 1905 1663
11/16/71 6 100 B NO NORM. NORM. 1272.8 | 1997.1 | 1949 1767 1897.5 1657
11/17/71 18 50 B YES NORM. NORM. 1569.0 | 1715.0 | 1480 1154 1479.0 1258
11/18/71 13 35 B NO NORM. NORM. 1847.5 | 1632.1 | 1366 752 1371.0 1161
11/19/71 4 75 A NO MIN. NORM. 1995.8 | 2307.3 | 2551 1917 2080.0 2168
11/22/1 5 75 c NO NORM. NORM. 538.8 352.5 888 443 630.0 755
11/23/71 10 100 ; c YES NORM. NORM. 561.7 387.9 683 426 536.3 580

i
11724171 20 50 “ C HO NORM. NORM. 546.5 471.9 627 386 566.3 533
11/30/71 2 75 : A NO NORM. NORM. 1812.9 | 1938.8 | 2098 1429 1740.0 1783
|
1271771 3 75 i a NO MAX. NORM. 1762.2 | 2141.3 1 2220 1305 1875.0 1887
12/2/71 17 50 ; A YES NORM. NORM. 1543.9 | 2085.0 2480 1980.0 2108
12/3/71 19 50 L A NO MAX. NORM. 1732.6 | 1897.5 | 2070 861 1815.0 1759
12/4/71 21 315 § A NO NORM. NORM. 1415.2 | 1875.0 | 2221 451 1680.0 1888
12/7/71 14 50 LA NO NORM, MIN. 1743.8 1782.9
12/8/71 15 50 A NO MIN. NORM. 2107.5
12/9/71 22 75 D NO NORM, NORM. 735.0 2062.5
|

* REDUCED LEVEL
OF S00T BLOWING



TABLE 8

COMPARLISON OF CONTINUOUS AND MANUAL NOy AT LOCATION 3

18

TEST CONDITIONS

Tnmxu LOAD FUEL S00T EXCESS MEASURED EXCESS ATR BURNER MANUAL NO MANUAL NO ﬁ?igﬂgfﬁmxfo
DATE KO. (OLD) | FACTOR | TYPE BLOWER | ATR LOCATION 2 LOCATION 3 | ANGLE LOCATION 3 {LocATION 3 LOCATION 3
11/8/71 11 100 A NO NORM. 81.5 64.2 NORM. 397 651
11/9/71 9 100 A NO MIN. 64.2 36.6 NORM. 304 378
11/9/71 9 100 A KO MIN. 64.2 36.6 NORM. 390 411
11/10/71 8 100 A NO MAX. 59.6 47.3 NORM., 433 453
11/10/71 8 100 A NO MAX. 59.6 47.3 NORM. 591
11/11/7L ) 12 100 A YES* NORM. 43.2 60.5 NORM. 5113 349
11/11/71 ] 12 100 A YESK NORM. 43.2 60.5 NORM. 505 436
11/12/71 | 7 100 A YES NORM. 38.6 38.3 NORM. 287 321
11/12/71 7 100 A YES NORM. 38.6 38.3 NORM, 363 437
11/16/71] © 100 B NO NORM. 42.7 40.3 NORM. a7 466
11/16/71] 6 100 B NO NORM. 42.7 40.3 NORM. 481 466 285
11/15/71f 1 75 B NO NORM. 61.9 57.4 NORM. 464 419 350
11/15/71| 1 75 3 NO NORM. 61.9 57.4 NORM. 463 461 395
11/17/71 ] 18 50 B YES NORM. 72.5 58.5 NORM. 246 570
11/17/71 ] 18 50 B YES NORM. 72.5 58.5 NORM. 485 684 365
11/18/71) 13 35 B NO NORM, 87.8 69.3 NORM, 464 387
11/18/71 | 13 35 B NO NORM. 87.8 69.3 NORM. 587 443 335
11/19/71| 4 75 A NO MIN. 30.7 27.4 NORM., 319 330 375
11/18/71( 4 75 A NO MIN. 30,7 27.4 NORM. 385 271 333
11/22/71( 5 75 ¢ NO NORM. 35.4 42.5 NORM. 339 308 240
11/22/711 5 75 C NO NORM. 35.4 42.5 NORM. 328
11/23/71 ] 10 100 4 YES NORM. 52.7 41.3 NORM. 223 367 100
11/23/71 1 10 100 C YES NORM. 52.7 41.3 NORM, 243 264 105
11/24/71 ] 20 50 o NO NORM. 30.3 34.4 NORM, 279 235 150
11/24/71 4 20 50 o NO NORM. 30.3 34.4 NORM. 267 262 145
11/30/71| 2 75 A NO NORM. 35.0 36.8 NORM, 467 412 345
11/30/71) 2 75 A NO NORM. 35.0 36.8 NORM, 552 450 335
12/1/71 3 75 A NO MAX. 47.1 52.5 NORM, 294 426
12/1/71 3 75 A NO MAX. 47.1 52.5 NORM, 410 558 340
12/2/71 | 17 50 A YES NORM. 38.5 38.3 NORM, 341 323
12/2/71 | 17 50 A YES NORM. 38.5 38.3 NORM. 347 295 345
12/3/71 | 19 50 A NO MAX. 64.3 69.3 NORM, 436 406
12/3/71 |19 50 A NO MAX. 64.3 69.3 NORM. 358 403
12/4/71 | 21 35 A NO NORM, 51.7 61.2 NORM. 344 368
12/4/71 21 35 A NO NORM. 51.7 61.2 NORM. 389 276 195

* REDUCED LEVEL OF SOOT BLOWING




at location 3. A comparison with continuous measurements is not provided
since continuous NOx measurements were not taken at location 2. Theo-
retical values for NOx were not presented since there is no convenient
algorithm for estimating NOx concentrations as a function of fuel and
operating parameters. As noted in Table 38, the continuous measurement
results at location 3 are reported in terms of NO concentration rather
than the total NO, levels. These NO results do, however, represent a
close approximation of the total NOX levels since the NO2 results were

considered to be of small magnitude and close to the noise level of the

instrument.

A comparison of continuous O2 and CO2 measurements and Orsat measurements
is provided for location 3 in Table 39. The values shown in Table 39

are in terms of decimal fractions (i.e., .075 equals 7.5%). Grab samples
of CO2 were also taken at location 1 and location 3 for laboratory analy-
sis. However, subsequent to the Baseline Test, it was determined that

these sample containers had leaked and the analytical results were there-

fore invalid.

Grab samples of CO were taken at location 1 and location 3 for laboratory
analysis. No evidence of CO was found in the grab samples and in addition
no evidence of CO was found in the readings of the continuous measurement

CO monitor located in the stack.
Analysis and Interpretation of Results

As noted on Table 37, there were several tests for which data were
not available from the manual and/or the continuous measurement
methods for SO2 analysis (due to either equipment failure or loss of
sample). For those tests where data were available from both the manual
and continuous measurements a comparison shows that at location 1 the
average of the manual samples is 827 of the average of the theoretical
values. For these same tests, the average of the continuous measurements
is 95% of the average of the theoretical values. The extremes of the

manual measurements occur in test 5 where the manual value is 617 of the

theoretical value, and test 13 where the manual value is 1357% of the
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TABLE 39

COMPARISON OF CONTINUOUS O, AND CO, WITH ORSAT MEASUREMENTS AT LOCATION 3

2 2

TEST CONDITIONS 0 co
MITRE
TEST LOAD FUEL SQ0T EXCESS | BURNER

DATE NUMBER | FACTOR | TYPE BLOWER |AIR ANGLE CONT. |ORSAT |CONT. ORSAT
11/8/71 11 100 A NO NORM. NORM. — .084 —— .108
11/9/71 9 100 A NO MIN. KORM. -— .058 —— .128
11/10/71 8 100 A NO MAX. NORM. -—— .070 -—— .110
11/11/71 | 12 100 A YES* NORM. NORM. -— .080 -— .1225
11/12/71 7 100 A YES NORM. NORM. .0625 | .060 .135 .125
11/15/71 1 75 B ¥0 NORM. NORM. .071 .078 141 .118
11/16/71 6 100 B NO KORM. NORM. .0675 | .062 .138 .126
11/17/71 | 18 50 B YES NORM. NORM. .075 .079 .1355 .116
11/18/71 | 13 35 B NO NORM. NORM. .0852 |.088 .128 .104
11/19/71 4 75 A NO MIN. NORM. .062 L047 142 .131
11/22/71 5 75 C ¥O NORM. NORM. .032 .065 124 .103
11/23/71 | 10 100 o NO NORM. NORM. .060 .065 .1311 .099
11/24/71 | 20 50 C KO NORM. NORM. .0706 |.057 L1264 .106
11/30/71 2 75 A XO NORM. NORM. .0615 |.058 .140 .131
12/1/71 3 75 A XO MAX. NORM. .0807 |.074 .132 .118
12/2/71 17 50 A YES NORM. NORM. .074 .066 1348 .126
12/3/70 | 19 50 A Ix0 MAX.  |NORM. |.086 |.088 |.126 | .104
12/4/71 21 35 A | 5O NORM. NORM. .0776 |.082 .125 .106
12/7/71 14 50 A 0] NORM. MIN. .0705 |.061 1411 .126
12/8/71 15 50 A ¥O MIN NORM. L0695 | .067 .138 .122
12/9/71 22 75 D X0 NORM. NORM. .0565 |.063 .1362 .126

* REDUCED LEVEL OF SOOT BLOWING
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theoretical value. The extremes for the continuous measurement at
location 1 occur in test 5 where the continuous measurement is 40% of
the theoretical value and test 13 where the continuous measurement is

119% of the theoretical value.

At location 3, the average of the manual measurements is 767% of the
average of the theoretical values for the tests having both manual and
continuous measurements. For these same tests, the average of the con-
tinuous measurement is 100% of the average of the theoretical values.

The extremes for the manual measurements occur in test 21 where the
manual value is 247 of the theoretical value and test 1 where the manual
value is 1117 of the theorectical value. The extremes for the continuous
measurement occur in test 21 where the continuous measurement is 897 of

the theoretical value and test 1 where the continuous measurement is 114%

of the theoretical value.

Table 38 provides a comparison of the continucus and manual measurements
for NOX at location 3. Manual measurements taken at location 2 are also
provided in this Table. No consistent patterns are noted in Table 38
with respect to the effect of test conditions on NOX concentrations, with
the exception of fuel type. For the test performed with C fuel (gas and
coal mixed) the NOx levels were significantly lower than for the tests

performed with A and B fuel.

A comparison of continuous 02 and CO2 measurements and Orsat measurements
is provided in Table 39. A comparison of the average of the continuous

0, and the Orsat 0, measurements shows good agreement whereas the average

2 2
of the continuous CO2 measurements were higher than the average of the

Orsat CO2 measurements,

ANALYSES OF COAL, PULVERIZER REJECTS, FURNACE BOTTOM ASH, AND FLY ASH

Results of Ultimate and Proximate Analyses

As indicated in Table 5 in Section 2, ultimate and proximate analyses
of pulverized coal from the coal mills were performed for each of the 21
tests in the Baseline Program. These analyses were performed both on an

"as received" basis and on a "dry'" basis. The analyses were performed
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by two separate laboratories, the Industrial Testing Laboratories (sub-
contractor to the Midwest Research Institute) and the Illinois Geological
Survey. The results from the laboratories were then averaged as shown

in Table 40 and Table 41. The first and second digit of the sample
number shown on these Tables and on subsequent Tables correspond to

the MITRE test numbers (i.e., CS 01002 corresponds to a coal sample from
MITRE test number 1).

Proximate analyses were also performed on samples of fly ash removed
from the dust collector and the air heater. These analyses were performed
by the Industrial Testing Laboratories (subcontractor to the Midwest

Research Institute) for selected tests in the program and are summarized
in Table 42 and 43.

Proximate analyses were also performed on samples of ash taken from the
furnace bottom (slag samples) and from the pulverizer reject chute on the
coal mills. The results of these analyses as reported by the Industrial

Testing Laboratories are summarized in Table 44 and Table 45.
Results of Elemental Analyses

Trace element concentrations were determined on four of the tests in the
Baseline Program in the coal pulverizer rejects from the coal mills;
bottom ash (slag); and the fly ash collected in the air heater, the
mechanical collector, and locations 2 and 3. The results of these

analyses are summarized in Tables 46, 47, 48, and 49.

Trace element concentrations were also determined for samples of fly
ash collected from location 2 and location 3, for four tests in the
program. The results of these analyses are summarized in Tables 50

through Table 54.

Additional trace elemental analyses were provided by EPA on pulverized

coal for six of the test runs as summarized in Table 55.

Except for Table 55,which provides the results as parts-per-million, all
results of the elemental analyses are reported in terms of weight percent.
In the case of the analysis of fly ash at location 3, the results must be
multiplied with the fly ash emission rate to determine emission rates to

the ambient atmosphere.
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TABLE 40
PROXTMATE AYD ULTIMATE ANALYSES OF COAL

DRY BASIS
PROXIMATE ANALYSES ULTIMATE ANALYSES
! - 1
2 =
= : 4 =z =
== Y z g g = = g
SAMPLE @ EE = Z g 2 3 s ZE | sovrce oF
NUMBER © = = ANALYSTS
|
€501002 10.86 | 38.74 | 50.40 1.39 9.33 ITL*
11.0 41.2 47.8 1.32 9.39 ISGS**
18.9 40.0 491 1.36 9.38 AVERAGE
€502002 10.32 | 37.85 | 51.83 71.30 1.22 o1 9.30 ITL
10.7 40.6 48.6 70.4 1.51 .9 9.60 1S5GS
10.5 | 39.2 50.2 70.85 137 1 3.00 9.45 | 12,660 | AVERAGE
|
503002 10.43 | 38.07 | 51.50 70.69 | 4.79 1.31 3,44 9.3% | 12,138 | ITL
10.7 41.2 48.1 70.29 | 4.85 1.40 3.46 9.35 | 12,656 | ISGS
10.6 33.6 %9.8 70,43 | .82 1.36 3.45 9.35 | 12,397 | AVERAGE
€504002 10.82 | 33.45 | 50.74 70.79 | 4.92 1.36 3.48 8.63 [ 12,630 | ITL
11.1 40.0 48.9 70.15 | 4.86 1. 3.55 8.93 | 12,546 | 1sc
11.0 39.2 49.8 70,47 | 483 1.38 3.52 8.78 | 12,588 | AVERAGE
€505002 14.09 | 35.21 | 50.70 69.23 | 4.74 1.52 1.89 8.48 | 12,267 | 1T
14.8 37. 48.2 63.19 | 4.55 1.3 1.91 9.21 | 12,151 | ISGS
1404 35.1 49.5 63.74 4.65 1.44 1.93 | 8.8% 12,289 AVERAGE
|
|
€506002 11.8 40.4 47.9 70.10 | 4.85 1.30 | 2.83 | 9.09 | 12,570 | ITL
H H
€527002 10.42 | 38.62 | 50.96 71.99 | 4.93 Lo | 3.0 | 7.95 | 17,685 | I
10.2 | 41.6 48.2 70.48 | 4.81 1.23 e | oolm 12,694 | ISGS
10.3 31 49.6 7125 | 487 1.27 3031 | 8.89 | 12,670 | AvERAGE
|
|
€508002 10.64 | 33.53 | 50.83 71.54 | 4.97 1.28 3.50 | 8.07 ITL
10.8 40.9 48.3 69.97 | 4.87 1.28 S1 ! 9.62 et
10.7 9.7 49,6 70.76 | 4.92 1.28 | 3.51 ' 8.8 AVERAGE
i i
! ;
€509302 10.27 | 38.67 | 51.06 71.86 | 5.02 | 1.37 | 3.50  7.98 |1 m
10.3 40.7 29.0 70.21 | 4.73 .27 | 3.57 9.93 |1 1SGs
10.3 33.7 50.0 71.03 | 4.83 1.32 3055 1 8.96 | 12,h57 | AVERAGE
€510002 17.26 | 33.C4 | 49.79 66,46 | 4.42 1.48 1.71 ; 3.67
b
511002 10.43 | 9. [ 55,30 70.93 3 |37 | s
10.3 ! 481 79.52 [ L2s | 3.5 | 9.55
0. | | 5.2 70.73 LD 3D s
| ; | | |
€512002 11.15 | 37.79 | 51.0% 70.22 | 4.ar 3.31 | 9.18
10.8 41.3  ; 47.9 69.92 | 4.83 3.1, 9.77
110 33.5 | 495 [T 3.3k | 9,43
€513002 13.60 | 35.95 | 50.45 273 0 L» 2.58 1 3.83
14.2 33,5 47.3 [ W 5| 2.62 9.25
39 3722 GB. B 1735 ¢+ 1,80 3.07
| | !
€s514002 11.30 51.57 70.58 ¢ 4,77 1,39 0 2.87 | 9.05 | 12,631 | ITL
1.5 | 43.1 70.10 37 1.32 § 2.83 | 9.37 | 12,541 | 1sGs
s 55,3 76,34 | I35 | I0E8 | 5.23 | 12,601 | AVERAGE
| i | | |
I : | ‘ i |

*  INDUSTRIAL TESTING LABCRATCRIES

*% TLLINOIS STATE GECLOGICAL SU
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TABLE

40 (CONCLUDED)

PROXIMATE AND ULTIMATE ANALYSES OF COAL

DRY BASIS

PROXIMATE ANALYSES

ULTIMATE ANALYSES

Ei
z
3 2
= Z z z i
Hes © = 3 S o = 2
== a 1] S ] =] el =2
« B = =3 [=3 2 Iz [&] B~
= —HEB > = 2 [} = o] =2
2 oF o s =} = a S 5
SAMPLE < == = < = = SOURCE OF
NUMBER ANALYSIS
€515002 10.91 38.50 50.59 70.53 81 1.36 3.61 8.78 |[12,557 ITL
10.6 41.3 48.1 70.83 4.86 1.35 3.45 8.92 12,631 ISGS
10.8 39.9 49.3 70.68 4.83 1.36 3.53 8.85 12,594 AVERAGE
€S17002 10.58 38.95 50.47 70.58 4.83 1.17 3.57 3.27 12,637 ITL
10.4 41.5 48.1 70.73 4.84 1.36 3.65 9.01 12,681 I1SGS
10.4 40.2 49.3 70.66 4,84 1.27 3.61 9.14 12,659 AVERAGE
€S18002 12.64 36.31 51.05 69.71 4.78 1.55 2.61 8.71 12,299 ITL
12.7 38.8 48.5 69.49 4.62 1.40 2.73 9.05 12,347 1SGS
12.7 37.6 49.8 69.60 4.70 1.48 2.67 8.88 12,323 AVERAGE
€S19002 9.97 39.62 50.41 71.09 4.86 1.18 3.54 9.36 12,732 ITL
10.2 42.3 47.4 71,41 4.91 1.33 3.72 8.41 12,730 ISGS
10.1 41.0 48.9 71.25 4.89 1.26 3.63 8.89 12,731 AVERAGE
£s20002 16.61 32.85 50.54 67.52 4,45 1.36 1.75 8.31 11,654 ITL
€S21002 9.52 56.43 34.05 71.72 4.87 1.39 3.15 9.35 12,858 ITL
9.4 41.6 49.0 72.07 4.97 1.33 3.31 8.97 12,821 ISGS
9.5 71.90 4.92 1.36 3.23 9.16 12,840 AVERAGE
€S22002 6.94 35.46 57.60 75.85 4.97 1.75 1.39 9.13 13,413 ITL
6.7 37.4 55.9 76.13 4.93 1.62 1.41 9.20 13,393 ISGS
6.8 36.4 56.8 76.00 4.95 1.69 1.40 9.17 13,403 AVERAGE
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PROXTMATE AND ULTIMATE ANALYSES OF COAL

AS RECEIVED BASIS
PROXIMATE ANALYSES ULTIMATE ANALYSES
= iy
: g
= —_ (&) izl 5] =4
2 ol a ] 3 2 S =z Q .
@” 25 5] ] & = = ] Z
= = - B > =3 = = =) = . .
SAMPLE g Z s = s = 2 5 & 5 |SOURCE OF
NUMBER = - = @ e S&  |avaLysis
€$01002 4.02 | 10.42 37.18 .19 1.33 3.10 12,117 | ITL*
4.2 10.5 39.5 .15 1.27 21 12,101 [ISCS**
i1 10.5 38.3 17 1.30 3.16 12,109 | AVERAGE
€$02002 4.52 9.85 | 36.14 .13 1.16 2.87 12,092 | ITL
4.3 10.3 38.9 .15 1.35 2.86 12,111 | 1SGS
A 10.1 37.5 14 1.26 2.87 12,102 | AVERAGE
€S03002 4.13 | 10.00 | 35.50 .05 1.26 3.30 12,138 | ITL
4.0 10.2 33.6 .10 1. 3.32 12,149 | 1868
4.1 10.1 38.1 5.08 1.30 3.31 12,144 | AVERAGE
€S04002 4.31 | 10.35 36.79 5.19 1.30 3.33 12,086 |ITL
4.2 10.6 38.3 5.13 1.33 3.40 12,020 | 1SGS
4.3 10.5 37.5 5.16 1.32 3.3 12,053 | AVERAGE
€505002 3.69 13.57 | 33.91 4.98 1.46 1.8 11,814 | ITL
3.6 14.3 35.7 79 1.31 1.8 11,713 | ISGS
3.6 13.9 35.8 89 1.39 1.8 11,764 | AVERAGE
€S06002 4.1 11.3 38.7 10 1.24 2.76 12,055 | 1SGS
€507002 3.89 | 10.01 | 37.12 .17 1.26 3.2 12,153 [ITL
4.0 9.8 39.9 07 1.18 3.2 12,186 | ISGS
3.9 9.9 385 | 12 1.22 3.2 12,170 | AVERAGE
€S08002 3.66 10.25 37.12 .19 1.23 3.3 12,163 | ITL
6.0 10.3 39.3 | .12 1,22 3.3 12,109 |[IsGS
3.8 10.3 38.2 16 1.23 3.3 12,136 |AvErace
i
€$09002 3.66 9.89 37.26 | .24 3.3 12,163 [1TL
4.0 9.9 33,1 ! .99 3.4 12,169 | 15GS
3.8 9.9 33.2 l 5.12 3.4 12,201 | AVERAGE
|
€S10002 3.29 16.69 31.95 | 4.64 1.43 1.65 11,333 |ITL
|
€S11001 3.8% 10.03 | 37.22 | 48.4 5.20 1.26 3.3 12,111 | ITL
4.3 3.9 33.8 46.0 5.07 1.21 3. 12,112 | 1868
4.1 10.0 385 472 14 1.24 3.3 17,112 | AVERAGE
i

* INDUSTRIAL TESTING LABORATORIES

*% JTLLINOCIS STATE GECLOGICAL SURVEY




TABLE 41 (CONCLUDED)

PROXIMATE AND ULTIMATE ANALYSES OF COAL

AS RECEIVED BASIS

o
:
3 2 >
=] < z =
e ] (5] =] = (&
2 = 5 = Q Q [ = Z A
B [ 3] a =} =} (=] =] %3 [
2 g 3¢ g 2 2 & & g o
SAMPLE g z 5= = g £ = S & ZE | sourCE oF
NUMBER © = - ANALYSIS
€512002 3.59 10.75 36.43 | 49.23 67.70 5.06 1.25 3.19 9.18 |[12,051 | ITL
3.9 10.4 39.7 46.0 67.19 5.07 1.22 | 3.28 | 12.85 [12,097 | 1sGS
3.7 10.6 38.1 47.6 67.45 5.07 1.24 3.24 11.01 |12,080 | AVERAGE
€S13002 3.45 | 13.13 3,71 | 48.71 66.45 4.95 1.3% 2.49 11.64 |11,837 | ITL
3.8 13.7 37.0 45.5 65.41 4.83 1.28 2.52 12.28 | 11,686 [ ISGS
3.6 13.4 35.9 47.1 65.93 4.89 1.31 2,51 11.96 |11,762 | AVERAGE
€S14002 4.58 | 10.78 35.43 | 49.21 67.35 5.06 1.33 2.74 12.74 | 12,062 | ITL
44 11.0 38.7 45.9 67.01 5.15 1.26 2.75 12.87 | 12,009 | 1S5GS
4.5 10.9 37.1 47.6 67.18 5.11 1.30 2.74 12.31 |12,034 | AVERAGE
€S15002 4.30 10.44 36.84 | 48.42 67.50 5.08 1.30 3.45 12.23 |12,017 | ITL
4.6 10.1 39.4 45.9 67.57 5.15 1.29 3.29 12.60 {12,050 | ISGS
4.5 10.3 38.1 47.2 67.54 5.12 1.29 3.37 12.42 |12,034 | AVERAGE
€S17002 4.12 10.14 37.35 | 48.39 67.67 5.09 1.12 3.42 12.56 [12,116 | ITL
4.4 9.9 39.7 45.9 67.62 5.11 1.30 3.49 12,52 |12,123 | ISGS
4.3 10.0 38.5 47.1 67.65 5.10 1.21 3.46 12.54 {12,120 | AVERAGE
€S18002 3.88 | 12.15 34.90 | 49.07 67.00 5.03 1.49 2.51 | 11.82 |11,813 | ITL
4.2 12.2 37.2 46.4 66.57 4.90 1.35 2.62 12.40 | 11,829 | ISGS
4.0 12.2 36.1 47.7 66.79 4.97 1.42 2.57 12.11 |[11,821 | AVERAGE
€519002 4.08 9.56 38.00 | 48.36 68.19 5.12 1.13 3.39 12.61 |[12,213 | ITL
4.6 9.8 40.4 45.2 68.12 5.20 1.27 3.55 12.11 | 12,144 | ISGS
4.3 9.7 39.2 46.8 68.16 5.16 1.20 3,47 12.36 |12,179 | AVERAGE
£$20002 4.04 15.94 31.53 | 48.50 64.80 4,72 1.30 1.68 11.56 {11,184 | ITL
€521002 4.00 9.14 54.17 | 32.69 68.85 5.12 1.33 3.02 12.54 {12,344 | ITL
4.6 8.9 39.7 8 68.75 5.25 1.27 3.16 12,65 {12,231 | ISGS
43 9.1 68.80 5.19 1.30 3.09 12.60 |12,288
€$22002 5.71 6.61 33.79 | 54.89 72.28 5.23 1.67 1.32 | 12.89 12,781 | ITL
5.0 6.4 35.5 53.1 72.32 5.24 1.54 1.34 13.18 |12,724 | ISGS
4.9 6.5 34.6 54.0 72.30 5.24 1.61 1.33 13.056 | 12,753 | AVERAGE

9
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TABLE 42

PROXIMATE ANALYSIS OF FLY ASH FROM DUST COLLECTOR

S AS RECEIVED DRY BASIS
PROXIMATE ANALYSIS, % PROXIMATE ANALYSIS, %
~
2 " 2 o
S g = 2
| & g g >
~ Q [ I Eﬁ (&) O .
[ et % PZA- < | ] 2] P ]
[ 3] o3 3} a E = ]
SAMPLE 2] o 5 a E EB o 3 £ 25
NUMBER g g g | & 5 | 48 | § e | & 5 | EE
SA01004 0.16 99.61 0.78 - 0.38 20 99.77 | 0.78 -— 0.38 20
SA03004 0.19 99.00 1.11 - 0.26 30 99.19 | 1.11 - 0.26 30
SA05004 0.10 99.02 0.91 - 0.30 48 99.12 | 0.91 - 0.30 48
SA06004 0.23 99.29 0.86 _— 0.26 0 99.52 | 0.86 - 0.26 0
SA08004 0.11 98.62 1.86 - 0.61 91 98.77 | 1.86 - 0.61 91
SA10004 0.15 99.14 0.72 - 0.36 12 99.30 | 0.72 - 0.36 12
SA13004 0.24 97.61 1.13 | 1.02 0.53 80 97.84 | 1.13 1.02 0.53 80
SA18004 0.23 98.95 0.80 | 0.02 0.41 0 99.18 | 0.80 0.02 0.41 0
SA20004 0.16 97.46 0.29 2.09 0.30 146 97.62 0.29 2.09 0.30 146
SA21004 0.25 97.18 1.85 | 0.52 0.66 148 97.62 | 1.85 0.53 0.66 148
SA22004 0.16 97.69 0.87 1.28 0.27 167 97.85 0.87 1.28 0,27 167
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PROXIMATE ANALYSIS OF AIR HEATER HOPPER ASH

TABLE 43

AS RECEIVED

PROXIMATE ANALYSIS,

DRY BASIS

PROXIMATE ANALYSIS, %

& . £ -
3 o 8 £ 2 8
;i g 2 = | 8 3
< = = < >

g = S o . & &) SR

— % [zl fal o~ &= M

3 = a [ B a B = A

. [75) - m = H S~ j @ B~

SumLE 5 5 5 =8 | d 2 g | 5| 38

NUMBER g Z 4 = ] = 4 2 = @ £ =
SA01002 0.26 98.52 1.72 - 0.52 168 98.78 72 - 0.52 168
SA05002 0.18 98.82 2.26 —— 0.84 68 99.00 .26 - 0.84 68
SA06002 0.12 99,21 2.12 - 0.67 46 99.33 .12 - 0.67 46
SA08002 0.17 98.43 2.79 - 0.74 120 98.60 .79 - 0.74 120
SA10002 0.19 97.78 2.38 —-— 0.39 195 97.97 .38 -— 0.39 195
SA13002 0.19 98.03 0.94 0.84 0.61 143 98.22 .94 0.84 0.61 143
SA18002 0.20 98.17 1.10 0.53 0.39 135 98.37 .10 0.53 0.39 135
SA21002 0.25 98.13 1.36 0.26 0.58 120 98.38 .36 0.26 0.58 120
SA22002 0.21 97.17 1.76 0.86 0.57 271 97.37 .76 0.87 0.57 272




TABLE 44
PROXTMATE ANALYSIS OF SLAG SAMPLES

86

AS RECEIVED DRY BASIS
PROXIMATE ANALYSIS, % PROXIMATE ANALYSIS, %
£ o 2 o
= =4 - = b =1
: g 2 5 | 8 E
- : &
E o] 8] [ Y 3 (&) O .
(Sl 5] E v =
SAMPLE @ . 5 5 g PES m < 5 By £
NUMBER g % g 8 2 | £8 & g 8 2 | 4B
PA01001 10.32 86.74 2.11 0.83 0.48 374 96,72 2.35 0.93 0.53 417
PAO3001 34,24 63.52 1.66 0.58 0.39 241 96.60 2.52 0.88 0.59 366
PAO5S001 11.53 88.26 0.38 - 0.03 13 99.76 0.43 - 0.05 15
PA10001 36.85 61.74 1.19 0.22 0.12 145 97.77 1.88 0.35 0.19 230
PA21001 40.56 58.00 1.08 0.36 0.24 113 97.58 1.81 0.61 0.41 190
PA22001 35.83 63.93 0.19 0.05 0.14 16 99,62 0.30 0.08 0.22 25
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TABLE 45

PROXIMATE ANALYSIS OF PULVERIZER REJECT SAMPLES

AS RECEIVED

PROXTMATE ANALYSIS, %

DRY BASIS

PROXIMATE ANALYSIS, 7

o o
[£8) i [ 52 b
= = 8 ) o =
2 : 2 : 2 2
53] m o j<n]
£ = © = = m = © o 2 s
* ) a = ag & 8 B g5
SAMPLE a = 3 5 = <5 o i b o 95
NUMBER 2 2 S = @ == 2 2 = @ ER
RJ01001 0.81 54.26 20.88 24,05 26.07 4,567 54.70 21.05 24.25 26.28 4,604
RJ03001 1.28 50.93 10.45 37.34 27.61 4,994 51.59 10.59 37.82 27.97 5,059
RJ05001 3.90 33.94 26.72 15.44 16.95 8,143 35.15 27.67 15.99 17.56 8,434
RJ10001 3.40 38.94 24.51 33.15 11.27 7,521 40,31 25.37 34.32 11.67 7,786
RJ21001 0.78 53.19 15.21 30.82 20.86 4,354 53.61 15.33 31.06 21.02 4,388
RJ22001 0.54 51.11 18.48 29.87 20.68 4,794 51.39 18.58 30.03 20.79 4,820
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TABLE 46

COMPARISON OF ELEMENTAL CONCENTRATIONS IN COAL, PULVERIZER REJECTS, SLAG, AND FLY ASH

(MITRE TEST NO. 1,

75 MW, B FUEL, NO SOOT BLOWING, NORMAL EXCESS AIR, NORMAL BURNER ANGLE)

FLEMENTAL CONTENT BY WEIGHT (WEIGHT PERCENT)

FLUE GAS FLUE GAS
FLY ASH FROM | FLY ASH FROM | PARTICULATES, | PARTICULATES,
PULVERIZED PULVERIZER ATR HEATER MECHANICAL LOCATION 2, LOCATION 3,
COAL , REJECTS , SLAG, ASH HOPPER , SEPARATOR , AIR NIEATER, STACK ,
ELEMENT C501002% RJO1001* PAO1001%* SA01002% SA01004* DUCT, 206-2%*% | 206-3**%

Al 0.960 0.490 9.25 7.20 8.05 9.40 9.24
Ba <0.03 <0.03 0.3 0.02 0.03 <0.04 <0.04
Be <0.0002 <0.0002 0.0004 0.001 0.0008 0.001 0.001
Ca 0.250 1.61 3.45 4.88 1.96 2.38 0.970
Cd 0.0006 0.0004 <0.005 0.0009 0.002 0.016 0.002
Co 0.000 <0.003 0.006 0.004 0.004 0.006 0.007
Cr 0.002 0.002 0.016 0.010 0.013 0.05 0.740
Cu 0.002 0.003 0.007 0.008 0.007 0.010 0.020
Fe 0.995 13.1 16.2 14.8 10.7 11.7 11.1
Ga 0.08 <0.07 <0.02 <0.07 <0.08 <0.06 <0.06
Ge 0.0 0.0 <0.07 0.0 0.0 0.0 0.0
Hey <0.0002 0.00006 0.0003 0.00003 0.00004 <0.00002 0.002
K 0.155 0.127 1.48 1.48 1.80 1.84 2.36
Mg 0.073 0.071 0.519 0.500 0.280 0.620 0.660
Mn 0.009 0.007 0.057 0.090 0.036 0.050 0.080
Mo <0.002 <0.002 0.00 <0.002 0.002 <0.003 <0.003
Na 0.06 0.044 0.379 0.270 0.460 0.590 2.06
Ni 0.009 0.0009 0.013 0.010 0.040 0.05 0.200
Pb <0.003 <0.003 0.009 0.003 <0.003 0.020 0.020
Sb <0.07 <0.07 0.06 <0.06 <0.07 <0.06 <0.06
Se <0.06 <0.06 <0.05 <0.06 <0.07 <0.05 <0.05
Sn <0.05 <0.05 <0.1 <0.05 <0.05 <0.05 <0.05
Sr <0.0005 <0.0005 0.004 0.004 0.003 0.003 <0.001
Ti <0.098 <0.094 1.31 0.380 0.550 0.580 0.660
Tl <0.01 0.006 0.008 0.006 <0.01 0.010 0.005
v <0.02 <0.02 0.04 <0.02 <0.02 0.02 0.03
Zn 0.11 0.011 0.038 0.040 0.057 0.59 0.090

* MITRE SAMPLE NUMBER

** MIDWEST RESFARCH INSTITUTE

SAMPLY NUMBER




TABLE 47

COMPARISON OF ELEMENTAL CONCENTRATIONS IN COAL, PULVERIZER REJECTS, SLAG & FLY ASH

(MITRE TEST NO. 3, 75 MW, A FUEL, NO SOOT BLOWING, MAXTMUM EXCESS
AIR, NORMAL BURNER ANGLE)

ELEMENTAL CONTENT BY WEIGHT (WEIGHT PERCENT)

FLY ASH FROM 7
PULVERIZED PULVERIZER MECHANICAL
COAL, REJECT, SLAG, SEPARATOR,

ELEMENT Cs03002% RJ03001%* PA03001%* SAQ3004

Al 0.900 0.900 8.50 8.60

Ba <0.2 <0.2 0.3 0.3

Be <0.0002 <0.0002 0.0004 0.0008

Ca 0.480 0.210 4.27 3.30

Cd

Co <0.005 0.003 0.006 0.005

Cr 0.000 0.004 0.016 0.014

Cu 0.0005 0.003 0.007 0.008

Fe 1.24 19.3 16.8 12.2

Ga <0.05 <0.03 <0.02 <0.03

Ge <0.07 <0.07 <0.07 <0.07

Hg 0.00000 0.00000 0.00000 0.00004

K 0.165 0.150 1.36 1.50

Mg 0.055 0.050 0.575 0.512

Mn 0.006 0.010 0.082 0.060

Mo 0.00 0.00 0.00 0.00

Na 0.073 0.080 0.400 0.650

Ni <0.002 0.002 0.012 0.015

Pb <0.005 0.009 0.011 0.006

Sb <0.05 0.04 0.06 0.03

Se <0.09 <0.05 <0.05 0.04

Sn <0.1 <0.01 <0.1 <0.1

Sr <0.0005 0.0005 0.008 <0.003

Ti 0.060 0.050 1.15 1.34

Tl <0.008 0.004 0.008 0.006

Y <0.04 <0.04 <0.04 <0.04

Zn 0.009 0.427 0.032 0.044

* MITRE SAMPLE

NUMBER
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TABLE

48

COMPARISON OF ELEMENTAL CONCENTRATIONS IN COAL, PYRITES, SLAG, AND FLY ASH

(MITRE TEST No. 22, 75 MW, D FUEL, NO SOOT BLOWING, NORMAL EXCESS AIR, NORMAL BURNER ANGLE)

ELEMENTAL CONTENT BY WEIGHT (WEIGHT PERCENT)

FLUE GAS FLUE GAS
FLY ASH FROM FLY ASH FROM PARTICULATES, | PARTICULATES,
PULVERIZED PULVERIZER AIR HEATER MECHANTICAL LOCATION 2, LOCATION 3,
COAL, REJECT, SLAG, HOPPER, SEPARATOR, AIR HEATER, STACK,
ELEMENT CS22002%* RJ22001%* PA22001%* SA22002% SA22004%* 221-2%%* 221-3%%
Al 0.600 0.500 8.40 6.40 9.50 10.0 9.50
Ba <0.2 <0.2 0.4 0.4 <0.2 0.3 0.3
Be <0.0002 <0.0002 0.0008 0.0006 0.001 0.001 0.002
Ca 0.250 1.28 4.55 7.90 1.78 2.09 1.33
Cd
Co <0.005 0.005 0.007 0.006 0.007 0.018 0.014
cr <0.002 0.004 0.018 0.020 0.023 0.342 0.626
Cu 0.0005 0.002 0.006 0.008 0.009 0.012 0.021
Fe 0.520 17.3 16.6 17.0 L 6.70 7.84 8.24
Ga <0.05 <0.02 <0.02 <0.03 <0.03 <0.02 <0.02
Ge <0.07 <0.07 <0.07 <0.007 <0.007 <0.07 <0.07
Hg 0.0001 0.00000 0.00000 0.00006 <0.00001 0.0004 0.0001
K 0.131 0.110 0.253 0.835 1.75 1.62 1.80
Mg 0.050 0.105 0.567 0.461 0.480 0.530 0.505
Mo 0.002 0.014 0.073 0.117 0.038 0.070 0.124
Mo 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.053 0.063 0.400 0.312 0.624 0.529 0.722
Ni <0.002 0.001 0.010 0.013 0.026 0.165 0.390
Pb <0.005 0.011 0.008 0.006 0.007 0.015 0.020
sb <0.05 0.04 0.02 0.03 ©0.03 0.03 0.04
Se <0.09 0.08 <0.05 0.03 . 0.05 0.08 0.05
Sa <0.1 <0.1 <0.1 <0.1 L <0.1 <0.1 <0.1
sr <0.0005 0.003 0.007 0.009 1 0.000 0.003 <0.0005
Ti 0.065 0.040 1.22 0.780 L1.78 1.61 1.64
T1 <0.008 0.006 0.008 0.004 0.004 0.01 0.008
v <0.04 <0.04 <0.04 <0.04 | <0.04 <0.04 <0.04
Zn 0.011 0.087 0.026 0.030 ! 0.046 0.064 0.127

* MITRE SAMPLE NUMBER

%% MIDWEST RESEARCH INSTITUTE SAMPLE NUMBER
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TABLE 49
COMPARISON OF ELEMENTAL CONCENTRATIONS IN COAL, PULVERIZER REJECTS, AND FLY ASH

(MITRE TEST NO. 5, 75 MW, C FUEL, NO SOOT BLOWING, NORMAL EXCESS
ATR, NORMAL BURNER ANGLE)

ELEMENTAL CONTENT BY WEIGHT (WEIGHT PERCENT)
FLUE GAS FLUE GAS
FLY ASH FROM FLY ASH FROM PARTICULATES, | PARTICULATES,
PULVERIZED PULVERIZER AIR HEATER MECEANICAL LOCATION 2, LOCATION 3,
COAL, REJECT, SLAG, HOPPER, SEPARATOR, AIR HEATER STACK,
ELEMENT €S05002% RIO5001% PAO5001% SA05002% SAD5004 DUCT, 211-2%*| 211-3%*
AL 1.55 10.2 7.20 10.15 9.56 7.35
Ba 0.00 <0.04 0.3 0.4 0.5 0.3
Be <0.0002 0.0006 0.0004 0.00056 0.0008 0.0007
Ca 0.120 5.36 7.00 3.35 3.40 1.39
cd 0.002 0.021
' Co <0.004 0.004 0.007 0.006 0.014 0.016
cr 0.000 0.009 0.025 0.013 0.249 1.08
i cu 0.002 0.009 0.010 0.009 0.011 0.016
Fe 2.30 9.43 19.7 6.63 7.27 10.8
| Ga <0.06 <0.06 <0.03 <0.03 0.03 <0.06
i Ge 0.0 0.00 <0.007 <0.007 <0.07 <0.07
| kg <0.00003 0.00002 0.00000 <0.00001 0.00005 0.00008
Ik 0.250 2.68 0.935 1.87 1.77 1.50
[ 0.085 0.720 0.424 0.580 0.533 0.422
LM 0.006 0.075 0.114 0.051 0.073 0.200
PoMo <0.003 <0.002 0.00 0.00 <0.04 0.00
| XNa 0.10 0.635 0.370 0.220 0.991 0.750
', ¥ 0.004 0.031 0.010 0.017 0.239 0.600
& Pb 0.007 0.009 0.010 0.007 0.018 0.014
sb <0.06 <0.06 0.02 0.04 0.04 <0.06
Se <0.05 <0.05 0.05 0.02 0.060 <0.05
Sn <0.05 <0.5 <0.1 <0.1 <0.1 <0.1
st <0.001 0.009 0.006 0.009 0.004 <0.003
Ti 0.200 0.575 0.870 1.69 1.40 0.965
T1 <0.005 0.008 0.008 0.006 0.006 0.008
v <0.02 0.02 <0.04 <0.04 <0.04 <0.04
Zn 0.007 0.045 0.030 0.060 0.072 0.10

* MITRE SAMPLE NUMBER (OLD)

** MIDWEST RESEARCH INSTITUTE

SAMPLE NUMBER
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ELEMENT

Al
Ba
Be
Ca
Cd
Co
Cr
Cu
Fe
Ga
Ge
Hg

Mg
Mn
Mo
Na
Ni
Pb
Sb
Se
Sn
Sr
Ti
T1

Zn
As
Si

* Midwest Research Institute's Sample Number

TABLE 50

ELEMENTAL CONTENT OF FLUE GAS PARTICULATE MATTER

MITRE TEST NO. 13: 35 MW, B FUEL, NO SOOT BLOWING,
NORM. EXCESS AIR, NORM. BURNER ANGLE

ELEMENTAL CONTENT, WEIGHT PERCENT

LOCATION 2,
AIR HEATER.
NO. 209-2%

21.7
.08
.0009

1.82
.0009
.01
.15
.01

8.22

<.04

2.2
.89
.06
.003

6.29
.08
.03

<.04

<.04

<,04
.001
.59
.006
.04
.08

104

LOCATION 3,

STACK,

NO. 209-3%

13.
.04
.0007
.62
.001
011
.68
.016
.7
.05

<

A A AN A

65

.74
.51
.14
.002
.88
.63
.02
.06
.05
.05
.0009
.50
.005
.03
.11



TABLE 51
ELEMENTAL CONTENT OF FLUE GAS PARTICULATE MATTER

MITRE Test No. 8: 100 MW, A Fuel, No Soot Blowing,
Maximum Excess Air, Normal Burner Angle

ELEMENTAL CONTENT, WEIGHT PERCENT

LOCATION 2, LOCATION 3,

ATIR HEATER, STACK,

SAMPLE NO. SAMPLE XO.

ELEMENT 203-2% 203-3%

Al 30.9 31.8
Ba 0.4 0.6
Be 0.002 0.002
Ca 1.33 1.14
cd 0.004 0.003
Co 0.030 0.020
Cr 0.050 0.220
Cu 0.030 0.040
Fe 14.8 11.7
Ga 0.07 <0.08
Ge <0.09 0.00
Hg 0.0006 0.0004
K 2.54 2.42
Mg 0.770 0.670
Mn 0.090 0.080
Mo <0.002 0.008
Na 83.6 48.6
Ni 0.05 0.09
Pb 0.110 0.160
Sb 0.170 0.130
Se 0.150 0.06
Sn 0.07 0.07
Sr 0.003 <0.0005
Ti 0.790 0.930
T1 0.020 0.010
' 0.02 <0.02
Zn 0.060 0.080

* Midwest Research Institute's Sample Number
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TABLE 52
ELEMENTAL CONTENT OF FLUE GAS PARTICULATE MATTER

MITRE Test No. 20: 50 MW, C Fuel, No Soot Blowing, Normal
Excess Air, Normal Burner Angle

ELEMENTAL CONTENT, WEIGHT PERCENT

LOCATION 2, LOCATION 3,

AIR HEATER, STACK,

SAMPLE NO. SAMPLE NO.

ELEMENT 213-2% $213-3%

Al 9.90 9.51
Ba 0.3 0.3
Be 0.0005 0.0008
Ca 2.62 1.10
cd <0.0005 0.0026
Co 0.012 0.011
Cr 0.175 0.926
Cu 0.012 0.019
Fe 5.60 6.47
Ga 0.06 <0.02
Ge 0.07 0.07
Hg 0.0000 0.0003
K 3.25 2.28
Mg 0.570 0.560
Mn 0.067 0.107
Mo 0.04 0.00
Na 0.581 0.911
Ni 0.135 0.515
Pb 0.014 0.017
Sb 0.06 0.04
Se 0.05 0.005
Sn 0.1 <0.1
Sr 0.006 0.003
Ti 1.40 1.37
T1 0.005 0.004
\Y 0.04 <0.04
Zn 0.08 0.16

* Midwest Research Institute's Sample Number
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TABLE 53
ELEMENTAL CONTENT OF FLUE GAS PARTICULATE MATTER

MITRE Test No. 19: 50 MW, A Fuel, No Soot Blowing,
Maximum Excess Air, Normal Burner Angle

ELEMENTAL CONTENT, WEIGHT PERCENT

LOCATION 2, LOCATION 3,

ATR HEATER, STACK,

SAMPLE NO. SAMPLE NO.

ELEMENT 217-2% 217-3%

Al 9.00 : 7.75
Ba 0.3 <0.2
Be 0.001 0.001
Ca 2.80 1.17
cd 0.0022 0.001
Co 0.008 0.013
Cr 0.125 0.725
Cu 0.010 0.020
Te 11.9 11.4
Ga <0.02 <0.02
Ge <0.07 <0.07
Hg 0.0001 0.0002
K 1.54 1.42
Mg 0.470 0.430
Mn 0.049 0.149
Mo 0.00 0.00
Na 0.570 0.738
Ni 0.120 0.493
Pb 0.007 0.005
Sb 0.04 0.04
Se 0.04 0.04
Sn <0.1 <0.1
Sr <0.003 <0.003
Ti 1.25 1.21
T1 0.008 0.006
\Y <0.04 <0.04
Zn 0.066 0.088

* Midwest Research Institute's Sample Number
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TABLE 54
ELEMENTAL CONTENT OF FLUE GAS PARTICULATE MATTER

MITRE TEST NO. 17: 50 MW, A Fuel, Maximum Soot Blowing,
Normal Excess Air, Normal Burner Angle

ELEMENTAL CONTENT, WEIGHT PERCENT

LOCATION 2, LOCATION 3,

AIR HEATER, STACK,

SAMPLE NO. SAMPLE NO.

ELEMENT 216-2% 216-3%*

Al 8.40 5.90
Ba <0.2 <0.2
Be 0.001 0.0008
Ca 2.57 0.660
cd <0.0005 <0.0012
Co 0.010 0.019
Cr 0.330 1.58
Cu 0.026 0.020
Fe 10.9 11.1
Ga <0.02 <0.02
Ge <0.07 <0.07
Hg 0.0001 0.0002
K 1.50 1.20
Mg 0.485 0.351
Mn 0.063 0.230
Mo <0.04 0.00
Na 0.591 0.570
Ni 0.237 1.37
Pb 0.015 0.012
Sb 0.04 0.04
Se 0.05 0.05
Sn <0.1 <0.1
Sr 0.005 <0.Q03
Ti 1.28 0.920
T1 0.006 0.006
' <0.04 <0.04
Zn 0.168 0.075

*Midwest Research Institute's Sample Number
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TABLE 55

*
ELEMENTAL ANALYSES OF COAL FOR CAT-0X BASELINE PROGRAM
(Concentrations in ppm)

MITRE Test
Elz;“;“;otope No. 3 5 14 18 20 22
Agllo <.7 <.6 <.2 <.6 <.9 <.2
n’e 8080 13,300 10,800 12,100 17,200 6170
as’0 <1.2 4.8 2.44 <s 7.00 1.6
Aut?B .10 0.7 .06 0.15 .003 .02
a1 3 48 45 53 92 29
B0 20 3.5 3.4 32.5 7 4.
BrS? 3 22 9.0 19 20 16
ca® 3640 5640 3290 <50 7740 1910
g5 <110 <110 <200 <90 <300 30
L6l 8.83  16.2 10.6 13.0  21.1 8.97
38 1220 2760 1250 1450 2820 2350
o8 <30 <80 <60 <70 <90 <30
o0 3.07 5.2 3.84 4.40  5.98 4.02
et 18.0  21.4 19.3 19.6  24.2 12.2
cel3 1.56  2.58 2.03 2.35 3.32 1.13
cub® 29 <20 <20 <20 <30 <20
cu® <20 <40 <50 <20 <60 <30
py'? 0.58  0.76 0.67 0.77 1.2 0.42
Eut? P 0.2 0.32 .30 0.31  0.56 .18
1028 .13 .26 .19 0.20 0.32 .12
Feo? 13,700 9500 11,600 10,900 8970 4550
Ga’? <2 4.0 5.5 4.2 7.2 2.9
cat? <60 <40 <4 <30 <70 <20
Gel? <4 <120 <150 <40 <70 <150
Tate .50 .81 .60 .65 1.05 .42
1g?03 <5 <.6 .16 1.91 <7 <3
p 128 <l <05 <2 1.8 <.2 .65
1118 <0.03  <0.02  0.029 073 <0.05 <0.01
1292 1.9 2.2 1.6 6.7 5.3 1.8

*
Analyses performed by NASA Plumbrook Laboratory
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TABLE 55 (CONTINUED)

*
ELEMENTAL ANALYSES OF COAL FOR CAT-OX BASELINE PROGRAM
(Concentrations in ppm)

MITRE Test

Element No. 3 5 14 18 20 22
and Isotope
K*? 2464 3932 3429 3748 7130 1690
Lal%0 5.7 7.2 7.3 26 17.2 5.4
La’’ .36 42 .35 .32 .58 .22
g2’ <830 <1200 586 <4000 <450 <600
o0 53 62 38 49 95 25
099 <700 <260 <300 <350 <600 <200
Molol <10 <100 <70 <40 <50 <10
a2 882 1070 757 833 1250 487
yal® <2 <2 <7 <s <7 <3
NI <50 <400 <600 <300 <1000 <200
peid7 <170 <160 <200 <230 <300 <100
bSO 12.3 20.7 16.8 21.4 25.6 7.98
R, 38 <550 <200 <120 <300 <300 <400
Re 186 <0.2 <0.2 <.4 <.3 <.3 <.3
Rn10% <0.09  <0.04 <.06 <.2 <0.03 <.06
s 7 <90,000 <53,000 <9060 <7000 **%  <30,000
sc® 2.67 3.84 3.17 3.42 4.56 3.02
sp12* 0.84 1.12 .62 .93 1.39 .86
se’? 3.12 2.99 2.86 3.19 4.15 1.77
gqld3 .82 1.2 1.1 1.2 2.23 0.81
se87 <30 36 <40 <20 56 <20
o117 <40 74.2 50 66 76.5 3
5at23 <50 <40 <15 <20 <50 <2
Sn125 <200 <40 <10 <70 <300 <150
74182 .12 .27 .18 .25 .35 17
5100 .018 .027 022 025 .036 .015
0?32 2.16 3.23 2,84 2.84 4.19 1.73
ER 912 608 908 930 1680 529
p 23 0.96 0.82 0.82 1.14 1.5 0.65
v 22 2 26 23 27 34 15
y 187 <0.3 <0.4 <2 <2 <4 <2
ypi73 1.88 4.06 .46 1.83 3.63 .91
228 <3000 220 118 148 264 <400
22> <50 <50 <50 <40 <50 <30

*Analyses perforced by NASA Plumbrook Laboratery
**Data missing
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Results of Analysis of Bound SOZ’ SO3, and Polynuclear Aromatic Compounds

Bound constituents were determined by chemical analysis by the Midwest
Research Institute for fly ash samples collected at location 2 and

location 3. The results of these analyses are provided in Tables 56
and 57.

As noted in Table 56, the bound SO2 concentration (measured as sulfates)
ranges from .15 microgram to .88 microgram per milligram of particulate.
For the two tests representing these extremes (test 22 and test 8), the
measured particulate emission rates at location 3 were respectively 1200
1bs/hour and 2166 lbs/hour. The measured gaseous 502 mass flow rates at
location 3 for these tests were 1452 1bs/hour and 3810 1lbs/hour, respec=
tively. Multiplying the bound SO2 concentration ranges by the particu-
late emission rates provides a mass emission rate of bound SO2 in terms
of 1bs/hour. Comparison of the mass rate against the gaseous mass flow
rates shows that the amount of bound 802 released to the atmosphere is on

the order of 10_10 of the mass released in gaseous form.

Measurement of gaseous SO, mass flow rates was not successfully accom~

3
plished in the baseline test due to problems with sample handling. For

this reason, no comparison can be made between the adsorbed SO. (measured

as sulfites) and the gaseous SO3. ’
Table 57 is self-explanatory and provides the polynuclear aromatic hydro-
carbons bound to the surface of the particulates. Highest confidence
should be placed on those tests with the highest % of recovery (i.e., the
percentage of the original mass which can be accounted for as extracted
organic material and particulate fly ash). As noted in Table 57, the
organic materials found were Benzo(«)Pyrene, and possibly Anthanthrene,

Chrysene, and 1,2-Benzanthrecene.

The chemical state of the sulfur adsorbed on the surface of fly ash samples
was also determined by the Oak Ridge National Laboratory. The results

of these analyses are provided in the Laboratory's final report which
appears as Appendix D. Three techniques were used by the Oak Ridge

National Laboratory to examine each of ten fly ash samples: photoelectron
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TABLE 56
DETERMINATION OF BOUND SO. AND SO, BY CHEMICAL ANALYSIS

2 3
S04 SO3
MLCROGRAM/ MICROGRAM/
TEST LOAD FUEL SOOT EXCESS BURNER MILLIGRAM MILLIGRAM
NO. FACTOR TYPE BLOWER AIR ANGLE PARTICULATE PARTICULATE LOCATION
8 100 A NONE MAX. NORM. 77 5.77 2
8 100 A NONE MAX. NORM. .88 7.65 3
1 75 B NONE NORM. NORM. .30 9.34 2
1 75 B NONE NORM. NORM. .39 24.10 3
5 75 o NONE NORM. NORM. .16 0.67 2
5 75 c NONE NORM. NORM. .16 15.84 3
17 50 A MAX. NORM. NORM. .37 13.69 2
17 50 A MAX. NORM. NORM. .35 3.77 3
22 75 D NONE NORM. NORM. iy 2.25 2

22 75 D NONE NORM. NORM. .15 1.63 3



DATE:

MITRE

TEST NO.:

TEST CONDITIONS
Load Factor:
Fuel Type:
Soot Blower:
Excess Air:

Burner Angle:

TOTAL
RECOVERY 7
Location 2
Location 3

BENZO (o) PYRENE
(ug)

Location 2
Location 3

CONCENTRATION
(ug/mg)

Location 2

Location 3

OTHER POSSIBLE
COMPONENTS

Location 2

Location 3

* Two samples were collected at each location during this test.

TABLE 57

DETERMINATION OF POLYNUCLEAR AROMATIC COMPOUNDS
BOUND TO THE SURFACE OF FLUE GAS PARTICULATES

11/10/71 11/15/71 11/22/71 12/2/71
8 1 5 17%
100 75 75 50
A B C A
None None None Maximum
Maximum Normal Normal Normal
Normal Normal Normal Normal
100.0 No Peaks 91.7 25.0
100.0 17.7 100.0 31.2
21.80 200.00
259.89 126.00 185.90
0.17 0.72
3.00 0.87 0.83
Anthanthrene
Anthanthrene Chrysene;

12/9/71

22

75

None

Normal

37.5
No peaks

74.67

1.16

1,2-Benzanthrecene

Both samples were

combined for the determination of surface adsorbed polynuclear aromatic compounds.
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spectroscopy (ESCA); surface area determination by the BET method; total
sulfur determination by combustion analysis. One of the specimens was

also examined by infrared spectroscopy.
The following are firm conclusions that can be made:

1. The photoelectron spectroscopy results show that the oxidation

state of sulfur on the surfaces of all ten samples is +6.

2. The high intensities of photoelectron peaks arising from sulfur
indicate that in all samples most of the sulfur is segregated
at the surface rather than distributed homogeneously in the

solid phase.

3. Surface area measurements and total sulfur determinations show
that the degree of surface coverage by sulfate salts varies 5-40

monolayers.

4. The spectrum of the sample studied by infrared spectroscopy
shows that sulfur is present on the surface as sulfate rather
than as adsorbed 803. Apparent discrepencies between this
conclusion and the findings of MRI can be explained by the
greater sensitivity of the wet chemical methods used by MRI

as compared with infrared spectroscopy.

The following obsgervations were also made; however, it was felt that more

study would be needed before they could be stated as firm conclusions:

1. Binding energies of 52 p electrons, determined by photoelectron
spectroscopy, closely match those for sulfates of polyvalent
+ + +
cations such as Fe 2, Fe 3, and Ca 2. The sulfur may be present

on the fly ash surfaces as calcium or iron sulfate.

2. Photoelectron peaks for silicon were broadened. This suggests
the presence of more than one chemical state of silicon. The
+4 oxidation state, indicating silicates of SiOZ, is definitely
present, but lower oxidation states may be present also. Different
glass phases containing silicon may also have caused the peak
broadening. More study is necessary to be sure that the broaden-

ing of the silicon peaks is not due to interference by other elements.
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APPENDIX A

RESULTS OF PRELIMINARY MEASUREMENT TEST
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TABLE Al

VELOCITY TRAVERSE AT ECONOMIZER (LOCATION 1)

TEST: 9/28 - 9/29

100 MW LOAD
115% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING
PERCENT 0, BY VOLUME (ORSAT) 3.3%
PERCENT CO, BY VOLUME (ORSAT) 15.7%
PERCENT MOISTURE 5.6%
MEASURED VELOCITY
PORT POINT (FEET/MINUTE)
1 1 1378
2 970
3 1214
4 1081
2 1 1643
2 1612
3 1057
4 1262
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TABLE A2

VELOCITY TRAVERSE AT ECONOMIZER (LOCATION 1)

TEST: 9/30
100 MW LOAD
125% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING

PERCENT 0, BY VOLUME (ORSAT) 4.3%
PERCENT CO, BY VOLUME (ORSAT) 14.9%
PERCENT MOISTURE 6.1%

MEASURED VELOCITY
PORT POINT (FEET/MINUTE)

1 1 1150

: 1116
1537
1409

~ W

1522

888
1537
1370

SN

1597

851
1052
1323

~MLWNHE

1465
1098
2052
1720

MWLM

1185
1051
1154

927

E NS S

2069
916
1076
918

ERJRVIRN I o

689
873

Ea VSN N
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TABLE A3

VELOCITY TRAVERSE AT ECONOMIZER (LOCATION 1)

TEST: 10/1
100 MW LOAD
125% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING
PERCENT 0, BY VOLUME (ORSAT) 8.0%
PERCENT CO, BY VOLUME (ORSAT) 12.0%
PERCENT MOISTURE 8.7%
MEASURED VELOCITY
PORT POINT (FEET/MINUTE)
2 1 1740
2 1001
3 1087
4 1582
4 1 1427
2 1208
3 1415
4 1457
6 1 1007
2 1085
3 1100
4 1177
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TABLE A4

VELOCITY TRAVERSE AT ECONOMIZER (LOCATION 1)

TEST: 10/5
100 MW LOAD
1257 EXCESS AIR
COAL TYPE A
SO0T BLOWING OVER PERIOD OF TEST

4
A
5

PERCENT O, BY VOLUME (ORSAT) 4,2
PERCENT CO, BY VOLUME (ORSAT) 14.7
PERCENT MOISTURE 6.2

e

MEASURED VELOCITY
PORT POINT (FEET/MINUTE)

1 855
1020
1025
850

~ Lo

1591
885
795

1372

S~ W+

1470

840
1080
1040

E VLI S

1155
960
930
890

S~

1255
1035
1010

995

POV S

1480
940
740
978

~wNo e

1270
940

LN
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TABLE A5

VELOCITY TRAVERSE AT ECONOMIZER (LOCATION 1)

TEST: 10/6
100 MW LOAD
125% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING

PERCENT O, BY VOLUME (ORSAT) 4.27%
PERCENT CO, BY VOLUME (ORSAT) 14.4%
PERCENT MOISTURE 4.8%

MEASURED VELOCITY
PORT POINT (FEET/MINUTE)

836
902
864
1389

LN

1514
770
942

1409

~Ww o=

1644
857
983

1156

~WN e

1370
1106
1131
1563

£~ W N

1491
723
975

1270

S~

1531
695
940

1480

E BN VS RN S I

1223
858

W N
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TABLE A6

VELOCITY TRAVERSE AT ECONOMIZER (LOCATION 1)

TEST: 10/8
35 MW LOAD
1457 EXCESS AIR
COAL TYPE A
NO SOOT BLOWING

PERCENT O, BY VOLUME (ORSAT) 5.6%
PERCENT CO, BY VOLUME (ORSAT) 13.2%
PERCENT MOISTURE 2.3%

MEASURED VELOCITY
PORT POINT (FEET/MINUTE)

1 404
397
394
584

S

576
362
362
399

SN

598
363
363
567

SN

522
491
326
494

S~

437
399
516
633

S~

621
399
399
695

LN e

614
323

W N

123



ViA!

DATE

10/28

10/29

9/30

10/1

10/5

10/6

10/8

TEST CONDITIONS

100 MW LOAD
1157 EXCESS AIR
COAL TYPE A
NO SO0T BLOWING

100 MW LOAD
125% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING

100 MW LOAD
125% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING

100 MW LOAD
125% EXCESS AIR
COAL TYPE A
SOOT BLOWING
OVER PERIOD

OF TEST

100 MW LOAD
125% EXCESS AIR
COAL TYPE A
NO SOOT BLOWING

35 MW LOAD

1457 EXCESS AIR
COAL TYPE A

NO SOOT BLOWING

COAL ANALYSES FOR PRELIMINARY TEST RUNS

MOISTURE

11.40

11.95

11.75

11.15

12.98

13.02

ASH

10.02

9.48

10.13

10.67

10.42

10.72

TABLE A7

SULFUR

3.01

2.96

2.87

2,91

2.87

2.95

BTU'S AS RECEIVED

11,041

11,032

11,027

11,072

10,797

10,780

BTU DRY

12,462

12,529

12,495

12,462

12,407

12,394

BTU, MOISTURE
AND ASH FREE

14,051

14,040

14,115

14,163

14,094

14,137
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TABLE A8
GRAIN LOADING AT AIR HEATER (LOCATION 2)

TESY DATE
10l 92R871

AIR TEMP. ATM, PRESS. STACK VvAC, CONDENSATL PARTICULATE STACK AREA INIT. VOL. PO2 PCuc

90.00 €9.420 B8,5000 97,10000 T.27270 173,70700 8558300 0910 «0970
PuT Tisg METER VOL  (eLTa P TEMP, IN TprmP, QUT  TROIN VA o STR. TEMP,  HOX TEMP, PROBE D], veLo 1Ty
1 1 2000 857.0100 .083 92.000 92.000 645000 Ih0.000 -80.000 «375n 1261491
1 2 2400 8544, 3100 <09y 94,000 32.000 T.1000 I*2.000 -67.000 «3750 1320460
13 ceD0 05943500 065 95,000 97,000 540000 315,000 =17.000 . 3750 112252
1 4 2000 150.2000 «03) 98,000 92.000 %0000 35000 -15.000 «3750 T99.8¢2
1 5 2400 861.2000 «093 100,000 92000 6.0000 Jas,000 -15.,000 «3750 1342.70
1 6 2.00  Hb62.3H00 <080 100.000 93,000 6e5000 315,000 =30.000 <3750 12649, 32
7 2.00 B63./000 «100 102,000 94.000 440000 365,000 -70.000 « 3759 1392,.31
1 » 2.00 64,9700 «100 106.000 96.000 840000 3n5.000 ~65,000 «3750 1392.31
1 v 2.00 866.1300 +100 109,000 964000 H.0000 385.000 ~15.000 «3750 1392,31
1 10 2.00 o8sT.sl00 .100 1124000 96.000 3.0000 4054000 =76.000 <3750 1392431
111 2.00 dRB.6000 086 964000 96.000 7.0000 4054000 =70.000 «3750 1306,27
112 eel0 869.8300 « 094 100,000 964000 8.0000 4054000 ~65,000 3750 1365.78
113 2400 H71.0300 «08% 100.000 96.000 840000 4054000 ~65,000 «3750 1298.75
1 1s ¢e00 472.,1400 «073 1044000 96000 7.0000 400,000 -65.000 +3750 1200.10
1 1> 200 473.3100 090 1064000 96000 840000 «15.000 -65,000 « 3750 1344.1u
1 1s 2400 874446700 « 084 100.000 96.000 7.0000 410,000 -75.000 «37150 1294.4)
117 2.00 875.7200 «100 103.000 98.000 2.0000 4104000 ~70.000 <3750 1612.76
11y .00 817.0000 +100 107.000 9H.000 9.0000 «c0.000 ~70,000 «3750 1420484
119 2.00 816.2000 «091} 110.000 98,000 tHe 000U 410.000 ~75.000 <3750 1362.41
1 20 2400 879.,36800 2094 113.000 98.000 8.0000 410.000 =75.000 « 3750 1369,72
2 1 2,00 880.3300 058 100,000 100.000 50000 410.000 -80.000 «3750 1075,92
2 2.00 “81.4000 LR 102,000 100.000 T.u00UL 4104000 =15.000 «3750 1287,04
2 3 2400 44245000 079 106,000 100.000 T.0000 419.000 ~6%5,000 «3150 122ha99
2 4 2.00 883,5800 «070 108,000 100.000 7.0000 410,000 -70.000 «3750 1182.00
2 S 2.00 8864.7100 «092 112.000 100.000 8.0000 “20.000 -65.000 <3750 1362.8)
2 6 2.00 B85.8400 «076 110,000 102,000 5.0000 “20.000 ~H0.000 « 1750 1284,46
2 1 2.00 886,9300 075 110,000 104.000 640000 420,000 -30.000 « 3750 123009
2 8 2.00 887.9500 062 110.000 1044000 7.0000 4204000 =75.000 « 3750 114,78
2 9 2.00 888.9300 «060 112.000 l104.000 T7.0000 4304000 -80.000 +375%0 1106.82
21 2.00 88%,84500 «052 113.000 106000 7.0000 430,000 ~80.000 3750 1930,.40
¢ 11 2.00 891.0000 «150 106,000 106.000 Y. 000V 4lbB.000 =75.000 +375%0 1730.20
212 2.00 692.1400 +080 108,000 106,000 Y.0000 “18.000 ~70.000 <3750 1269,.44
213 2.00 89342500 «0%0 110.000 106.000 940000 418,000 ~T0.000 #3750 1346.41
2 146 2400 A94.3600 « 080 112.000 106.000 9.0000 41H.000 -70.000 <3750 1ehd, a0
2 15 2400 ¥95.5500 0913 1164000 106.000 1u.0000 4184000 =70.000 « 3750 136~,606
216 2400 8496.6800 +078 120.000 1064000 10.0000 “18.000 -75.000 «1750 1293, 44
217 2.00 897.9200 «115 122,000 108.000 12.0000 418.000 -75.000 «3750 1521.96
2 18 2.00 899,2400 115 126.000 10B.000 13.0000 418,000 -15.000 « 3759 1521.496
2 19 2.00 4006000 «110 130.000 110.000 13.0000 418,000 -d0.000 «3750 1484,.51
2 20 2,00 901.8000 082 132,000 110.000 10,0000 418,000 -80.000 «3750 1285,17
P MO[ST, AVFe VEL. FLOWRATE 150s RATIO  tMIS. PATE  PART. LOAD  STD. LOAD

«0976 1298.9334 225633.8 10039 2708.6811 le%000 2.3814 TEST:  9/28 - 9/29

100 MW LOAD
UNDER S MICRONS S TO 80 MICRONS OVER H#0 MICRONS 115% EXCESS AIR

ANISO CORRECTION FACTOR 1.0000 1.0019 1.0039 COAL TYPE A
EMISSION RATE 2708.6811 2713.8870 2719.1129 NO SOOT BLOWING
PART, LOAD 1.4006 1.4032 1.4059
570« LOAD 2.3818 2+3864 243930

. .- 2nREDS
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AIR TEMP
90.00

v
(=]
x
-

S & - -

N—C TT ~T

AN NN NIRRT N NN
—-——
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T LUN=O LT TR

1%
16
17
18
19
20

v

MOIST.
20991

EMISSION RATE

PART. LO
STD. LOA

TABLE A9

PCO2
<0980

«2500
«2500
«2500
«2500
2500
2500
#2500
«2500
«2500
«2500
2500
«2500
«2200
«2500
«2500
+2500
2500
«2500
«2500
2500
<2500
«2500
«2500
«2500
«2500
2500
2500
«2500
+2500
«2900
«2500
«2500
2500
«2%00
+ 2500
2900
«2500
#2900
$ 2500
2500

9/30

VELOCLITY

1481.13
106414
1226428
1208.486
1313.42
1259,4H4
1376064
1298.26
1294 ,48
126513
1079,50
1309.62
1309.6¢
1200498
1362,30
1324.76
1273.95
12%3. 36
1253, 36
1118.75
1274463
1373.11
130512
11768.13
1313.1¢
1257.33
134,26
1344,46
1332.27
1329.90
1¢92.117
12683410
1131.99
Toa .55
1304457
1179,.7S
1384.33
1307461
1347.061
1354,.24

100 MW LOAD

125% 1
COAL T

AIR

RO S00T BLOWING

GRATN LOADING AT AIR HEATER (LOCATION 2)
TESY DATE
102 93071
. ATM. PRESS, STACK VAC. CONDENSATE PARTICULATE STACK AREA INIT. VOL. P02
294420 8,1000 62.20000 3.22910 173.70700 880.1500 +0900
TIME  METER vOL DOELTA P TEMP. IN TEMP, OUT TRAIN VAC. SVR. TEMP, HOX TEWP., PRORE DIA.
2.00 881.0000 o165 100,000 100.000 6.0000 200,000 -70.000
2,00 88149500 065 100,000 100.000 440000 300,000 -80,000
2,00 ©8B2.8700 .080 102,000 100,000 44,0000 360,000 ~80,000
2.00  HB83.,7900 075 106,000 100.000 540000 390,000 =75.000
2.00 HB4,TS500 .087 108,000 100,000 5.,0000 40%.000 -715,000
2.00  BBH.6900 <080 108,000 100,000 540000 405.000 -90,000
2.00  HBb.6Y0O L095 1104000 100.000 540000 104000 ~680.000
2.00 8BT.6600 085 112,000 100,000 5.0000 4054000 -75.000
2.00 88B.6100 .085 114.000 102.000 5.0000 400,000 -80.000
2000 88945500 <080 116000 1064000 5.0000 4004000 -40.000
2.00  ©90.3700 «058 104,000 104,000 5$.0000 410,000 -90.000
2.00 891.2900 086 106,000 106.000 5.0000 410.000 -d5.,000
2.00 392.2300 086 108,000 106.000 5.0000 410,000 ~80.000
2.00  893.1300 .073 110.000 106,000 $.0000 410.000 -80.000
2.00  894,1000 .092 112,000 1064000 56,0000 4204000 =H04000
2.00 89540400 «087 110.000 106,000 6.0000 420.000 -85.000
2.00 H95,9800 «080 110.000 1064000 6.0000 425,000 ~80.000
2.00 d96.8800 077 1144000 1064000 640000 4304000 -H0.000
2.00  B9T.7900 077 110,000 107.000 0406000 430.000 -80,000
2.60 898.6700 +060 118,000 108.000 6.0000 450,000 804000
2.00  899.2900 <081 98.000 99.000 3.0000 41%.000 -90.000
2.00 899.7300 094 98.000 100,000 340000 415,000 -90.000
2.00  900.2400 <08% 100.000 100.000 3.0000 4154000 =90.000
2.00 900.8700 070 100.000 100.000 3.0000 4054000 -85,000
2.00 %01.3100 . 085 102,000 100,000 340000 425.000 -85,000
.00 901.8300 078 103.000 100.000 d.5000 4c5.000 =85,000
2,00 902464900 <095 1044000 100.000 4.6000 4254000 754000
2.00 903.0700 +089  1C5.000 1014000 440000 4264000 -90.000
2,00 903.5100 .087 1064000 102.000 4.,0000 430000 =90.000
2.00 904,0500 «0B& 107,000 102,000 4.0000 653,000 =904000
2.00  906.6100 <080 100,000 1004000 3.0000 3954000 -90,000
2.00 90541400 <084  100.000 102.000 3.0000 395.000 ~85,000
2.00  905.7400 .085 101.000 102.000 340000 4004000 -80.,000
2.00  v06.0800 «030 101.000 1024000 2.0000 390.000 -85,000
2e00 90645900 . 085 103.000 1024600 4e0000 «16.000 =30.000
2.00 907.0900 «069 104,000 102.000 4.0000 414,000 =90.000
2.00 907.5300 095 105.000 102.000 4.0000 #204000 -90.000
2.00 908.1000 «090 1064000 102.000 4,0000 4204000 ~90.000
2.00 908.1%00 «090 107,000 103.000 440000 204000 =%0.000
2.00 909.2200 «090 108,000 103,000 440000 429,000 -30.,000
AVE. VEL. FLOWRATE 150. RATIO EMIS. RATE PART, LOAD STD. LOAD o
1267.6408 220198.1 1.4963 1865,3039 +9883 1.0158 VEST:
UNDER S MICRONS S TO 80 WICRONS  OVER k0 MICRONS
ANISO CORRECTION FACTOR 1.0000 1.,165H 1445671
1865,3019 2211.8061 2T16.4116

AD 9483 1.1719 1.6392
b} 1.6758 1.987 2ebk04

"""""" IO L
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GRAIN LOADING AT AIR HEATER (LOCATION 2)

TARLE  AlC

TEST DATE
103 1001
o ATH, PRESS. STACK VAC. CONDENSATE PARTVICULATE STACK AREA INIT, vOL. Po2 PrCo2
29.420 7.9000 42.10000 3.25640 173.70700 923.3700 <0800 «1200
TIME HETER VOL OLLTA P TEWP, IN TEMP, OUT TRAIN VAC, STK, TEMP, BOX TEMP, PROBE DI4. VELOCLITY
2.00 923.9500 « 066 96,000 96,000 2.2000 226,000 =80,000 «2500 1010.72
2.00 924.5300 095 984000 96.000 242000 350.000 -85,000 2500 1319,57
2400 92541800 <089 98.000 96.000 2.5000 3764000 -80.000 «2500 1297.56
2.00 925.6800 072 99.000 97.000 245000 390.000 -80.000 2500 1176.80
2.00 926.1200 «090 100,000 97.000 2.5000 395.000 -85.000 «2500 1319.57
2.00 926.,6100 076 102.000 98,000 2.,0000 400.000 =-85,000 «2500 1200.03
2.00 927.2600 «094 103.000 98.000 3.0000 410000 -85.000 «2500 1360.36
2.00 921.8400 <096 104.000 98.000 J.0000 405,000 -85,000 «2500 1370.79
2.00 928.3900 +095 106,000 98.000 J.0000 “15.000 =85.000 «+2500 1371.50
2.00  928.8500 «090 107,000 100,000 3.0000 415,000 -85,000 «2500 1334092
2.00 929.4900 <085 99,000 99.000 2.5000 4154000 -85.000 2500 1297.31
2.00  930.0200 «08B5 100.000 101.000 3.0000 403.000 -80.000 «2500 1288,38
2.00 930.5600 +085 101.000 101.000 3.0000 410.000 -80.000 «2500 1293.59
2.00  931.0500 «065 103.000 102,000 243000 4104000 -80,000 «2500 1131.21
2.00  931.%500 +085 1044000 101,000 3.0000 413.000 -80.000 .2500 1295, 82
2.00 932.0800 075 10%.000 102.000 J.0000 421.000 =80,000 +2500 1222.178
2.00 932.,5700 +084 106,000 102.000 2.0000 421.000 -80,000 «2500 1294,07
2.00 933.0000 <084 108,000 102.000 240000 4254000 -80.000 «2500 1297.00
2.00 933.6000 <081 110.000 103.000 240000 “30.000 ~80,000 «2500 12171.22
2,00 934.1500 <089 112.000 1044000 3.0000 445,000 -80.000 «2500 1350.04
2.00  934.6700 «084 96,000 96.000 2.5000 404,000 -100.000 «2500 1281,52
2.00  935.1900 <084 96.000 964000 3.0000 394.000 =90.000 «2500 1274.08
2.00  935.6100 .079 97.060 96.000 2.5000 400000 ~90.000 «2500 1239.91
2+00 936.1700 050 98,000 97.000 240000 400.000 -85,000 «2500 1080.57
2.00  936.6700 079 100.000 97.000 3.0000 415.000 -85,000 «2500 1250.68
2.00 937.1800 «078 100,000 97.000 3.0000 415.000 ~8%.000 22500 1242, 74
2.00  937.6000 .081 102,000 97.000 3.0000 4200000 -85.000 «2500 1270.03
2.00 938.1900 <075 103.000 98.000 3.0000 420.000 ~85.000 «2500 1222.08
2.00 938.6900 075 104.000 98.000 J.0000 425.000 -85.000 +2500 1225.55
2400 939.1000 «079 105.000 98.000 340000 435.000 -85.000 «2500 1264,89
2.00 939.6600 « 065 96.000 96.000 2.0000 363.000 -%0.,000 «2500 1100.23
2.00 940.1700 2090 96,000 97.000 3.0000 318,000 =90.000 «2500 1306.39
2.00  940.6300 094 97.000 97.000 3.0000 385.000 ~85,000 +2500 1340.67
2.00 G4)e1400 «0Té 984000 97.000 J.0000 38%.000 ~85.000 «2500 1189,52
2.00 941.7800 «087 100000 97.000 3.0000 410.000 ~80.000 «2500 1308,72
2.00 942.2400 «089 1061.000 97.000 3.0000 400000 ~80.,000 «2500 1316.05
2.00 942,8100 . 099 102,000 97.000 J.0000 410.000 -80,000 +2500 1396.07
2.00 943.13500 0B84 103,000 97.000 3.0000 «00.000 ~80.000 2500 1278,.55
2+00 943.8200 «057 103.000 97.000 240000 ©06.000 -85.000 22500 1055.66
2400 944,3500 « 090 104.000 97.000 3.0000 4154000 -85,000 «2500 1334,92
AVE. VEL. FLOWRATE 150. RATIO EMIS. RATE PART, LOAD STD. LOAD
1262,2019  219253.3 1.0537 2599,8540 1.3834 243358 TEST: 10/
100 MW LOAD
UNDER S MICRONS 5 70 80 MICRONS OVER B0 MICRONS 125% EXCESS AR
ANISD CORRECTION FACTOR 1.0000 1.026} 140537 COAL TYPE A
2599,.8540 2667.7926 2739,3171 NO SO0T RLOWING
AD 1.3834 1e4196 1.4576
D 243358 23968 2.4611

STDe LOA
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el aL
GRAIN LOADING AT AIR HCATER {LOCATION 2)

TEST DAYE
104 100571
AR TEMP, ATM. PRESS. STACK VAC, CONDENSATE PARTICULATE STACK AREA INIT. VYoL. Po2 PCo2
90.00 29.420 7.8000 33.20000 4.08360 173.70700 962.2200 «0T40 «1140
PORT TInE METER vOL OELTA P TEWP. IN TEMP, OUT TRAIN VACe STK. TEMP., WOX TEMP, PROBE DIA. VELOCITY
. 1 2.00  982.7100 +080 #2.000 82.000 3.0000 385.000 -78,000 +2500 1234, 22
6 2 2.00 963.2200 «070 82,000 82,000 3.0000 370.000 ~72.000 «2500 1144,22
© 3 2.00  963,7200 075 84,000 82.000 3.0000 3804000 =72.000 +2500 1191,49
[t 2,00  984.1400 <050 85,000 63.000 2.6000 382,000 =75.000 +2500 974,01
“ S 2,00 9846200 0Ts 87.000 83.000 3.0000 395.000 ~79.000 «2500 1196, 04
“« 6 2.00  9865,1250 «075 88.000 844000 3.0000 405.000 «75.000 +2500 1209.09
6 7 2,00  985.68250 075 89.000 84.000 3.0000 395,000 -75.000 «2500 1202.0n
“ a 2,00 98641100 069 90.000 85,000 3.0000 381,000 -75.000 42500 1163,52
“« 9 2.00 988.6100 070 91.000 as.000 3.0000 398,000 ~80.000 «2500 1163.36
“ 10 2.00  967,0800 087 92.000 86,000 3.0000 410.000 ~80.000 42500 1166,09
6 11 2.00  967,6800 W10 87,000 87.000 440000 277.000 ~85,000 +2500 1351.61
s 12 2.00 968.5500 «088 88,000 87.000 4.0000 337.000 -85,000 «2500 1257.16
s 1) 2,00 9s8.7800 «080 89,000 88.000 4.0000 355.000 -05.000 +2500 1212412
o 14 2.00 V69,2500 V060 90.000 88,000 J.0000 355.000 -85,000 +2500 1049, 72
& 15 2.00  989.7450 V075 91.000 88,000 440000 371000 “85,000 «2500 1185,09
s 16 2.00 970.2400 «068 92.000 88.000 4. 0000 373.000 -85,000 +2500 1129,79
.17 2.00 970.T450 W015 93,000 89.000 440000 391.000 -85.000 «2500 1199.27
« 18 2,00 YT1.2550 0715 94.000 89,000 4.0000 318.000 -85.000 «2500 1190.07
6 19 2,00  971.7650 o2 95,000 90,000 J.0000 Jaz.000 ~85,000 .2500 116,81
. 20 2.00 972.2520 2067 96,000 90.000 3.0000 396.000 ~90.000 «2500 1136.83
31 2.00 972.79%0 .073 86,000 87.000 3.0000 221.000 -85.000 +2500 1054, 41
32 2.00  973.3400 .085 87,000 87.000 3.0000 389.000 ~80.000 +2500 1279.22
303 2,00  973,8500 079 88,000 87.000 3.0000 353.000 -80,000 «2500 120,06
IS 2.00  974.3200 +057 89.000 87.000 3.6600 362,600 ~80.000 +2500 1027.53
3 S 2.00 9TA.8250 «078 90.000 88.000 3.0000 375.000 -30,000 .2500 1211.67
LY 2,00  975.3240 +068 91.000 88.000 3.0000 371.000 ~80.000 »2500 12n,6d
37 2400  975.8400 .083 92.000 88,000 3.0000 3764000 ~80.000 «2500 1290, 46
y 8 2.00 916.3820 N1l 93.000 89.000 3.0000 3704000 ~80.000 +2500 1265,26
39 2,00  976.9400 . 085 94.000 89.000 J.0000 387.000 ~804000 .2500 1273.7}
310 2.00 977.4700 <075 95,000 90.000 3.0000 390.000 =85,000 +2500 119h,56
3N 2.00 97840100 <080 88,000 89,000 3.0000 380.000 ~80.000 £2500 1230.57
312 2,00 978.4850 «050 89.000 89,000 3.0000 373.000 =17.000 +2500 968,79
313 2.00 978.8500 17 90.000 90.000 3.0000 377.000 ~77.000 +2500 . 1205.12
3 le 2,00 979.5700 080 92,000 90,000 3.0000 82,000 -80,000 £2500 1232,03
3 1S 2.00 980.0000 .087 93,000 90.000 440000 385,000 -83.000 .2500 1287,09
316 2.00  $80.5300 075 94,000 90.000 40000 392.000 -83,000 «2500 1199.97
317 2400  981.1320 .118 95.000 91.000 4.0000 385.000 -85.000 «2500 16498,96
318 2.00 9BL.TA00 .097 96,000 91.000 4s0000 397.000 -85,000 «2500 V366,60
319 2.00  982.3080 <090 98,000 92.000 440000 4004000 =83.000 L2500 1320.66
32 2.00 982.8920 .100 98,000 92,000 ©.0000 425,000 -83.000 +2500 1412.19
» WOIST, AVE. VEL. FLOWRATE 150, RATIO  EMIS. RATE  PARY, LOAD  STD. LOAD TEST:  10/5
0742 1202,5424  208890,0 1.0557 325441344 1.8175 2,9755 EST:
100 MW LOAD
UNDER S MICRONS S TO 80 MICRONS OVER 60 MICRONS 125% £XCRSS ALR
ANTISD CORRECTION FACTOR 1.0000 1.0271 1.0557 COAL TYPE A _
EMISSION RATE 3254.1344 3342,2363 3435.2415 SOOT HLOWING OVER
PART. LOAD 1.8175 1.8667 1.9186 PERIOD OF TFST
STDw LDAD 2,97158 3.0561 3.1411

NKT
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TABLE  AlL2
GRATH LOADING AT AIR HEATER (LOCATION 2)
DATE

TEST
105 100671
Al TEMP, ATHM, PRESS, STACK VAC, CONDENSATE PARTICULATE STACK AREA INIT, VvOL. PO2 PCOZ
90.00 29¢420 T.2000 24,00000 356770 &43.42700 15.7500 «QT00 1180
PORT TinE METER vOL DELYA P TEMP, IN TEMP, OUT TRAIN vACe &TK. TEMP, 80X TEMP. PROBE Dla. VELLCTTY
o 1 5.00 17.1000 076 88,000 84.000 2.5000 360,000 ~75,000 «2500 1185,23
“ 2 500 18,4440 096 91.000 85,000 2.5000 359.000 =75.000 #2500 1331.27
e 3 5.00 19.8550 «088 95,000 87.000 245000 158,000 ~15.000 +2500 1273,82
4 4 5.00 21.1690 0r2 98,000 89,000 2.5000 360.000 -75.000 «2500 1153,62
4 5 5.00 22.5269 +084 100.000 90.000 2.5000 3715.000 =75.000 «2500 1257,40
b 6 5.00 21.R600 «070 102.000 33,000 2.5000 3r1.000 -75,000 2500 1165,0v
o 7 500 25.2660 «090 104,000 94.000 2.5000 382,000 -75.000 «2500 1306.97
b B 5.00 26.675%0 +0485 106,000 96.000 245000 319.000 =-75.000 +2500 1267.89
4 9 5.00 27.8720 <057 107.000 98.000 245000 380,000 =75.000 «2500 1038,88
4 1o 5,00 29,2450 «087 108,000 100.000 J.0000 392.000 ~75.000 «2500 1292,62
P MOIST., AVE. VEL.  FLOWRATE 150, RATIO  EWMIS. RATE  PARY, LOAD  S$TD. LOAD
0821 1225.279) $3210.2 1.0736 1111.9658 244 3.965)
UNDER 5 MICRONS 5 TO B0 MICRONS  OVER 80 MICRUNS TEST: 10/6
ANISO CORRECTION FACTOR 1.0000 1.0355 1.0736 100 MW LOAD
EMISSION RATE 1111.98586 1151.4202 1193.7177 125% EXCESS AIR
PART. LOAD 2.438] 245266 26174 COAL TYPE A
STDs LOAD 3.9653 441060 “.2570 NO S00T BLOWING
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TABLE A1}
GRAIN LOADING AT AIR HLATER (LOCATION 2)
TESY DATE
106 100671

AIR TEMP., ATH, PRESS. STACK VAC. CONDENSATE PARTICULATE STACK AREA INIT, VOL.

P02 PCO2

90.00 29.420 T.2000 35,25000 4,38390 4434270 2942450 .0700 «1180
PORT TIME  METER vOL DELTA P TEMP, IN TEMP. OUT TRAIN VAC. STK, TEMP, QOX TEMP, PROBE DIA.  VELUCITY
0 7 5400 30,6900 +086 90.000 92.000 2.5000 390.000 -15.000 «2500 1286,27
“ o7 5.00 3241670 .089 93.000 93.000 2.5000 390,000 -75.000 +2500 1308.5¢2
“ 7 S.00 33,6450 .087 99,000 93,000 2.5000 3904000 -75.000 12500 1293.73
o 7 5.00 35.1100 <087 10l.000 944000 2.5000 387.000 -75.000 +2500 1291.45
&7 5400 36,5850 «087  105.000 95,000 3.0000 386.000 -75.000 +2500 1290.68
“ 7 5.00 38,0620 .088 107,000 96,000 3,0000 388,000 -75,000 +2500 129961
. 7 5.00 39,5400 «087  109.000 984000 3.0000 348,000 ~75.000 <2500 1292.2)
“« 7 5400 41,0200 «088 110,000 100,000 3.0000 388,000 ~75.000 +2500 1299.61
“ 7 $.00 42,5050 «086 111,000 101.000 3.0000 387.000 ~75.000 +2500 124,00
0 7 5,00 41,9920 £088 113,000 102,000 3.5000 390,000 ~75.000 £2500 1301.15
a1 5400 45,4750 2086 114,000 103,000 3.5000 390.000 ~75.000 22500 1286,27
N 5.00 46,9610 «087 115,000 106,000 3.5000 387.000 ~75.000 £2500 1291.45
P MOIST. AVE. VEL. FLOWRATE 150. RATIO  EMIS. RATE PART. LOAD STD. LOAD
20921 1293, 7468 561844 1.1351 108,2997 2.2489 3.7314 10/6
100 MW LOAD

UNDER 5 WICRONS & TO 80 MICKONS  OVER B0 MICRONS 125% 1 3 AR
ANISD CORRECTION FACTOW 1.0000 1.0633 141351 COAL TYPE A
EMISSION RATE 108.2997 115.1518 122.9295 O S00T BLOWING
PART, LOAD 2.2689 2.3912 2.5527
STD. LOAD 37316 3.9675 4e23u0

XAR2
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TABLE  Al4
GRAIN LOADING AT AIR HEATER (LOCATION 2)

TEST LATE
107 100671
o ATM, PRESS. STACK vAC, CONDENSATE PARTICULATE STACK AREA INIT, VOL. P02 PCO2
29.420 T.2000 31.50000 4.06110 heda2T0 46,9610 «a7q00 «1lld0
T1sE HETER VOL DOELTA P TEWP, IN TEMP, OUT TRAIN vaAC. STK. TEMP. BOX TEMP, PROBE DlA. VELOCITY
S.00 48.4770 «103 904000 92.000 2.5000 393.000 -75.000 «2500 1406, 44
5.00 50.0250 <101 94.000 92.000 245000 393.000 ~75.000 #2500 1392.72
5.00 5145620 . 100 97.000 93.000 2.5000 393.000 =75.000 #2500 1385,81
5400 53,0950 «100  102.000 944000 245000 390,000 =15.000 +2500 1383,37
5.00 5446200 103 105,000 954000 J.0000 393.000 «75.000 2500 1406, 44
5.00 56.1660 «102  107.000 96.000 3.0000 394,000 -15.000 «2500 1400,42
5.00 ST.7390 «10¢ 109,000 37.000 1.0000 396,000 72,000 22500
5.00 59.3200 <102 112.000 99.000 3.5000 39b6.000 =72.000 +2500 1402,06
5.00 60.8850 104  112.000 100.000 3.5000 395.000 =72.000 «2500 1414,91
5.00 62,4480 «104 113.000 101.000 3.5000 393,000 -72.000 «2500 1413,2%
5.00 64,0050 «103  114.000 102.000 3.5000 394,000 ~72.000 «2500 1407.20
5.00 65,5630 .102 114,000 104,000 J.5000 394,000 «72,000 «2500 1400.42
AVE. VELe FLOWRATE  [S0. HATIO  EMIS. RATE  PART, LOAD 51D, LOAD
1402.%014% 6090.2 1.0914 106,32398 1.9988 3.3369 TEST: 10/6
100 MW LOAD
UNBER 5 MICRONS 5 YO 80 MICRONS  OVER 80 WMICRONS 125% E
ANISO CORRECTION FACTOR 1.0000 1.0437 1.0914 COAL TYP
10443398 108.900¢ 113.8778 NO SOOT BLOWING
AD 1.9988 2.0861 241815
[} 3.3369 3.4828 3.6420

STD. LOA
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TABLE  als

GRAIN LOADING AT AIR HEATER (LOCATION 2)
TEST DATE
108 100671
AIR TEMP, ATM, PRESS, STACK VAC, CONOENSATE PARTICULAYE STACK AREA INIY. VOL. P02 PCO?
90.00 29.420 T.2000 23.25000 3. 14820 43.42700 65,5630 «0700 1180
PORT TIME HETER VOL DLLTA P TEMP. IN TEMP, OUT TRAIN VAC., STK, TEMP, B0X TEMP. PROBL ODIA. VELOCITY
& 1 S.00 66,8580 <070 86,000 86.000 245000 327.000 -75.000 22500 1160.14
4 ¢ S.00 68,4100 «102 87.000 86,000 245000 357.000 -15,000 «2900 1369 .40
o 3 5.00 69,7680 «098 92.000 87.000 Je0000 J6c.000 -68.000 2500 134h,38
o o 5.00 T1.0850 «0715 95.000 88.000 3.0000 365.000 -70.000 +2500 1179.98
“ S 5.00 T2.4660 «091 97.000 89.000 3.0000 isl.000 -70.000 +2500 1312.31
o b 5.00 73.8960 «075 99,000 91.000 30000 375,000 =75,000 « 2500 1ia7.11
7 $.00 715.2580 «105 10}.000 9¢.000 3.5000 385,000 ~-76.000 «2500 113,00
s 8 5.00 T6.7170 <106 103.000 93.000 3.5000 3717.000 -70.000 «2500 1412.97
v 9 5.00 17.9520 061 106,000 96.000 3.0000 382.000 ~73.000 «2500 1075.08
4 10 9400 T9.3290 « 095 104,000 95.000 3.5000 399.000 =70.,000 «2500 13955,1¢
P %01ST, AVE. VEL. FLOWRATE 1Sne. RATIO EMIS. RATE PART, LOAD STD. LOAD
«0782 12d1.1488 55636, % 1.0465 1025.1626 2e1497 3.46949
UNDER 9 MICRONS S T0O 80 MICRONS OVER 80 MICRUNS 't 10/6
ANISO CORRECTION FACTOR 1.0000 1.0227 140465 100 MW LOAD
EMISSION RATE 102541626 1048.4445 1072.8082 125% EXCESS AIR
PART, LOAD ?e1497 2. 1985 2.26%90 COAL TYPE A
ST0. LOAD J. 4949 1.574) 3.6573 NO 5007 BLOWING
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TABLE  alw
GRATN LOADING AT AIR HEATER (LOCATION 2)

15T DATE
109 100871
ALR TEMP, ATHM, PRESS. STALK VAC. CUNDENSATE PARTICULATE STACK AREA INIT, VOL. P02 pcos
90400 29.420 2.1500 59.95000 5.11370 173.70700 105.8460 1080 «0H40
puaT TiME METER VOL DELTA P YEMP, IN  TEMP, OUT  TRAIN VAL, STk. TEMP, BOX TEMP, PROBE DI.. vrLoLIty
¢ 1 2.00 106.9040 020 77.000 80.000 3.5000 3204000 ~65,000 «5000 bylele
b 2 200 1o7.9800 022 Hl.000 82,000 J.5000 Je3.000 ~60.000 5000 621,14
L] 2.00 104.1779 «023 Ha o000 82.000 3.5000 326,000 -50.000 +5000 636,37
“ 4 2.00 110.1650 .022 BH,000 82,000 3.5000 3¢6.000 ~60.000 «5000 622.3)
4 5 2400 111.1800 «017 92.000 82.000 3.0000 330.000 ~60.000 +5000 S54H,65
“ 8 €00 112.1250 NN 94,000 42,000 3.000u 332.000 ~60,000 5000 51903
“ ! 2400 13,0700 017 95,000 83,000 3.0000 332,000 ~60,000 5000 el
“ 8 2.00 114.0300 017 97.000 83.000 3.0000 332,000 ~60.000 +5000 549,14
« 9 2.00 114.9000 012 97.000 83,000 245000 333.000 -60.000 +5000 461.66
4 10 2.00 115.7960 J0l6 97,000 84,000 3.0000 339,000 «6%,000 25000 535410
4 11 2.00 116,7350 016 79.000 80.000 3.5000 3404000 -65,000 5009 235,41}
6 12 2.00 117.7500 .015 41.000 80.000 J.0000 338,000 ~60,000 +5000 517.748
413 2.00 118.5820 017 82.000 80.000 3.5000 341.000 ~60.000 +5000 552.25
4 la 2400 119.5400 017 H5.000 81.000 3.5000 341,000 =60.000 .Hub0 550,24
4 15 2.00 12045650 «015 34,000 81.000 3.0000 347,000 “60.000 «H000 520.ht
& 16 2.00 1231.4100 017 90.000 82.000 3.5000 3484000 60,000 +5000 554.66
e 37 2400 122.3270 «015 92.000 R2.000 3.5000 J48.000 ~60,000 25000 521.01
“ 1% 2.00 123.2810 017 93,000 83.000 1.5000 3664000 “60.000 +5000 254,60
“ 1y 2400 124,2250 016 94,000 81,000 3.5000 355,000 =50,000 5000 Ladael
w 20 2.00 125,1640 «016 95.000 83,000 3.5000 364,000 =60,000 «5000 43,40
31 2.00 125.8900 <008 659,000 70.000 2.5000 3104000 «60,000 5000 3T1e44
32 2.00 12647920 <010 In.000 70.000 2.5000 332,000 55,000 5000 42117
S| 2.00 127.h280 017 72.000 70.000 Je500u 334,000 =55.000 PEIG R R PETY
J o 2.00 128.,5530 012 75.000 70.000 3.5000 333.000 -53,000 +5000 461,606
3 05 2400 12943940 .0l10 17.000 7l.000 3.0000 335.000 -53.000 «5000 421491
3 os 2.00 130.2270 000 79.000 71,000 3.0000 335,000 -53,000 Lh000 421,97
3 7 .00 131.1620 015 K000 72.000 4,0000 346,000 ~55.000 <5009 RIRRY S
3 08 2400 133.1100 «017 694000 70.000 4,0000 3404000 =65,000 #5000 5514+l
3 9 2400 134.0600 <016 70.000 7l.000 3.5000 346.000 ~60,000 5000 531.bb
310 2.00 134.9610 015 73,000 71.000 3.5000 347,000 =50.000 <5009 n2v. 6y
311 2400 135.8250 el 64,000 70.000 3.5000 340,000 ~60.000 +5000 300, HY
32 2.00 136.7930 .015 70.000 70.000 3.5000 332,000 ~55.000 +5000 915,83
3 1) 2.00 137.%5970 .017 73,000 70.000 440000 336.000 -53.000 5000 550.53
3 le 2400 138.5280 .016 75,000 714000 4.000u 3iH.000 -53.000 «houn B3, 70
345 2400 139,436y $ 015 79,000 71.600 440000 3634000 ~53.000 #5000 S14aun
3 le 2.00 140,3700 .017 B0.000 72.000 4.0000 354,000 -53,000 «5600 554, 7¢
317 2.00 161,4360 «035 86,000 82.000 55000 3544000 -53.000 «5000 798,81
314 2.00 lac 9150 «05% 89,000 83.000 Ha0000 3564000 =55.000 +5000 L0025
319 2e00 Lesndlo 060 93.000 A4, 000 840000 355,000 -55,000 «5000 lust,5)
3 20 2400 lab,4930 «090 ¥9.000 75,000 12.0000 3715.000 ~55.000 «H0N0 1297,37
P MUIST. AVE, VEL.  FLOWRATE 150. RATIO  EMIS. WATE  PART, LUAD 57D, LOAD
0675 37641004 10042041 1.0308 1043,3370 1.2121 1.8758 TLST: 1078
35 MW LOAD
UNDER 5 MICRONS 5 TO B0 MICHONS OVER B0 MICRONS 1457 EXCESS AIR
ANISO CORRECTION FACTOR 1.0000 l.0152 140308 COAL TYPE A
EMISSION WATE 10633370 1059.1491 10756478 NO SOOT RLOWING
PART. LUAD 1.2121 1.2305 142494
STDe LOAD 1.8758 1e9042 19335

206N
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DATA MANAGEMENT LOG

TEST NO. DATE

TEST START TIME

TEST END TIME

EXPECTED VARIABLES

LOAD FACTOR - 35 50 75 100
FUEL TYPE - A B C

SOOT BLOWER - NONE MAX MIN
EXCESS AIR - NORMAL MAX MIN
BURNER ANGLE - NORMAL MAX MIN

e ey o e e e . i e o . s S e e Tty B S i S et i S B S S i o o

—— o e . e e et e S . i .

COAL AND REFUSE SAMPLING

NO. OF AGG LABEL SENT TO SENTO ANALYSIS RCVD
SAMPLES LABELED ID ISGS MRI MITRE

COAL

MECH SEP. ASH

PIT ASH

COMMENTS ON COAL AND REFUSE SUBSYSTEM:
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DATA MANAGEMENT LOG

TEST NO. (CONT) P. 2
TEMP. MONITORING
HOURS
TIME TIME OF LABEL SENT TO RCVD
START END DATA 1D MITRE  MITRE
AIR TEMP. ENT AH
AIR TEMP. LV AH
GAS TEMP. LV ECON
GAS TEMP. LV AH
AIR TEMP. ENT FD FAN
HUMIDITY ENT FD FAN
TEMP. REF. JUNCTION
COMMENTS ON TEMPERATURE SUBSYSTEM:
CONTINUOUS FLUE GAS MONITORING
HOURS
TIME TIME OF LABEL SENT TO RCVD
START END DATA 1ID MITRE  MITRE

LOC 1 TEMP

LOC 1 PRESSURE
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DATA MANAGEMENT LOG

TEST NO. (CONT) P. 3
HOURS
TIME TIME OF LABEL SENT TO RCVD
START END DATA 1D MITRE  MITRE
LOC 1 FLOW
LOC 1 502
10C 1 0O,
&
LOC 2 TEMP.

LOC 2 PRESSURE

LOC 2 FLOW

LOC 2 PARTICULATES

LOC 3 TEMP.

LOC 3 PRESSURE

LOC 3 FLOW

LOC 3 PARTICULATES

LOC 3 SO,

[4

LOC 3 NO

A

LOC 3 Co & CO2

LOC 3 HC

LOC 3 0

.
&

1O0C 3 H OVAPOR
[A

COMMENTS ON CONTINUOUS FLUE GAS MONITORING:

138



MANUAL FLUE GAS

DATA MANAGEMENT LOG

TEST NO. (CONT) P. 4

SAMPLING

LOC

SO

Ly U

NO. OF SAMPLE
SAMPLES  TIME

LABEL

SENT TO RCVD
MRI MITRE

LOC

[

NO

LOC

Co & CO_
£

LOC

MASS LOADING

LOC

MASS LOADING

LOC

H_SO  MIST
2=

LOC

SO, _

LOC

P4

NO

LOC

3

A

CO & CO,
A

COMMENTS ON MANUAL FLUE GAS SAMPLING:

OPERATING CONDITIONS LOG

SAMPLE HOURS

OCLOCK

OCLOCK

OCLOCK

OCLOCK
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DATA MANAGEMENT LOG

TEST NO. _____ (CONT) P. 5
OCLOCK OCLOCK
OCLOCK OCLOCK
OCLOCK OCLOCK
PRINT OUTS OCLOCK 0CLOCK
OCLOCK OCLOCK
OCLOCK 0CLOCK
OCLOCK OCLOCK
OCLOCK OCLOCK
LABEL ID SENT TO MITRE RCVD MITRE

OP. COND. LOG

PRINT OUTS

COMMENTS ON OPERATING CONDITIONS:

QUICK LOOK LOG AND COMPUTATIONS

NET EFF COMPUTATION OCLOCK OCLOCK OCLOCK
GROSS EFF COMPUTATION OCLOCK OCLOCK OCLOCK
FLOW COMPUTATION OCLOCK OCLOCK OCLOCK
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DATA MANAGEMENT LOG

TEST NO. (CONT) P.

MASS FLOW COMPUTATION

OTHER COMPUTATION

NUMBER OF DATA SHEETS

LABEL ID

OCLOCK

OCLOCK

SENT TQ MITRE

OCLOCK OCLOCK

0CLOCK OCLOCK

RCVD MITRE

QUICK LOOK LOG

QUICK LOOK COMPU-
TATIONS

DATA SHEETS

COMMENTS ON QUICK LOOK:

PERSONNEL

MITRE
TEST DIRECTIOR
DATA HANDLER

OTHERS

MRI
PARTY CHIEF

OTHERS

141
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DATA MANAGEMENT LOG

TEST NO. (CoNT) P, 7

COMMENTS OF TEST DIRECTOR

TEST DIRECTOR SIGNATURE

DATA HANDLER SIGNATURE
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byl

SFLECTION CARDS
01

02
03
34
0%
(eI
07
04
s
10
11
s
13
14
15
lo
17
18
1s
20
21
22
23

EFFICIENCY CFTIUN CARCS
ExeesS ALk UPTIUN CARLS

FLCW RATE UPTICN CAKCS



bl

KECU¥D TYPE

CUNSTANTS
FLLW
FLOW
FLEw
FLiw
FLUw
FLuw
FLGw
LW
P Cw
FLLw
FLUwW
FLOW
FLUW
FLiw
Fliw
FLOW
FLOW
FLUW
FL{w
FLOW
Fluw
FLGW
FLUW
FLUW
fLow

FLUwW

TEST

a7

ui

Q6

18

LEAKACE

TEMPERATURE
TEMPERATURE
TEMFPERATURFE
TEMPERATURE
TEMPE RATURL
TEMPERATURT
TEMPERATURE
TEMFERATURE
TEMPURATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMFERATURE
TEMPFRATURE
TCMPERATURE
TEMELRATURE
TEMPLRATURE
TFMFERATURF
TEMPERATURE
TEMPFRATURE
TEMPFRATURE
TEMPERATURE
TEMFERATURF

TEMPLRATURE

"

700
100
700
100
700
700
182
112
L62
712

112

672
652
712

632

662
692
6G2

742

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATLC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

STATIC

PRES

PRFS

PRES

PRES

PRES

PRES .

PRES
pRES
PRES
PRES
PRLS
PRES
PRFS
PRLS
PRFS
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRS
PRFS
PRES

PRES

"

VELCCITY
VELCCTITY
VILOCITY
VELLCITY
VELUCITY
vELTCLTY
ViLCCITY
VOLaOCITY
VILCCITY
VILOCITY
ViELLCITY
vitociTy
VELOCITY
VELCCITY
voLacrTy
VELOCITY
VELOCITY
VELOCITY
VELCCTITY
VELCCITY
VELLCITY
VILGCITY
VELOCITY
VELOCTTY
VELRCITY

VELCCITY

n

"

0

14ty
1222
1420

1264



9vi

RECORD TYPE TEST

FLCW
FLOW
FLuwW
FLOW
FLOW

FLOW

FLOW
FLOW
FLCW
FLOW
FLCw
FLOW
FLiw
FLCW
FLOW
FLCW
FLCR
FLOW
FLCW
FLCW
FLCW
FLUW
FLOwW
FLCW

FLCW

o1
06
18
13
04
05
10
20
02
03
17
19
21
14
15
22
11
09
08
12
o1
o1
06
18
11
04

05

PETH

o o © © ©o & o o © ©o

o o [=] (=] [~ (=] (=]

o

o o o ©

TEMNPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMFERATURE
TEMPLRATURE
TEMPERATURE
TEMFERATURE
TEMPERATURE
TEV¥PERATURE
TEMPLRATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPLRATURE
TEMPERATURE
TEMPERATURE
YEMPERATURE
TEMFERATURE
TEMPERATURE

TEMPERATURE

363
368
376
315
381
is2
392
357
337
313

348

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STYATIC
STAYIC
STATIC
STATIC
SYAYIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STaAvIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRLS
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES

PRES

8e 9
6e%
1.7
5425

T.85

VELCCITY
VELOCITY
VELCCITY
VELOCITY
vELOCTITY
VELCCITY
VELOCITY
VELCCITY
VELOCITY
VELOCIYY
VELCCITY
VELOCYITY
VELCCITY
VELDCITY
VELDCITY
VELCCITY
VELOCITY
VELCCITY
VELGCITY
VELOCITY
VELCCITY
VELCCITY
VELCCITY
VELCCITY
VELOCLTY
VELCCITY

VELOCITY

1055
1582
175
589
970
1089
12586
721
999
1lee
632
810
565
66l
6ES
1970
1267
1076
1290
1134
1207
{61
1321
645
458
845

1733



Ik

RECURU TYPE

FLUW
FLLW
FLCW
FLOW
FLCW
FLCw
FLCW
FLCW
FLCOW
FLUNW
FLCW
FLCW
FLLW
FLUOW
FLCW
FLOW
FLOW
FLOw
FLCW
FLEW
FLOW
FLCwW
FLCW
FLOW
FLCW
FLOwW

FLCW

TEST

10
20
02
03
17
19
21
14
15
22
11
09
o8
12
01
01
Q6
18
13
04
05
10
20
02
03
17

19

Lcc

VETH

o © © o 9 o

o [~} Q Q < o o o a o

o

o ©o © o

TEMFERATURE
TEMPERATURE
TEMPERATURE
TEMPLERATURE
TEMPERATURE
JEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMFFRATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE

TEMPERATURE

»

»

360
315
36}
366
353
340
353
374
359
368
296
292
304
302
308
312
309
285
266
292
272
290
253
283
286
276

273

STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC
STATIC

STATIC

PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRES
PRFS
PRES
PRES

PRES

VELOCITY
VELCCITY
VELCCLTY
VELOCITY
VELCCITY
VELOCTITY
VELCCITY
VELOCITY
VELGCITY
VELCCITY
VELGCITY
VELCCITY
VELOCITY
viLncirty
VELCCITY
VELOCITY
VELDCITY
VELOCITY
VELCCITY
VELCCITY
VELCCITY
vELOCITY
VELOCITY
VELOCITY
VELCCITY
vELOCITY

VELCCITY

500
553
590
889

2032

8R8
718
8C7
4¢3
3¢0
655
596
8ar
405
584
703
410

472



gl

KECORD TYPE

FLiw
FLOW

FLOW

coaL

CCAL

COAL

CoaL

COAL

coat

LUAL

COAL

COAL

COAL

cuaL

CUAL

TEST

21
14
15

22

11

09

08

o7

ol

06

18

13

04

05

10

20

02

Lce

w

¥ETH

© o © ©

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
AREA

AREA

AREA

ASH

SULFUR

ASH

SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

AsH
SULFUR

ASH
SULFUR

"

"

261
284
278
294
5113
347.5
44449

«1003
00334

«0989
«0337

«1025
#0337

«1075
<0319

«1001
20327

«1042
<0310

1130
#0276

«1215
«0251

1313

= 20249

" "o

#1035
+0333

#1357
«0182

01669
+0165

«1594
<0168

«0985
.0287

STATIC PRES
STATIC PRES
STATIC PRES
STYATIC PRES

CARBON
MOISTURE

CARBON
MOISTURE

CARBON
MOISTURE

CARBON
MOISTURE

CARBON
MOlSTURE

CARBCN
MOISTURE

CARBON
MOISTURE

CARBGN
MUISTURE

CARBON
MOISTURE

CARBON
MUISTURE

CARBON
MOISTURE

CARBON
MOISTURE

CARBON
KOLSTURE

CARBON
MOISTURE

"

"

« 6819
+ 0384

6623
«0366

» 6892
«0366

«6770
20358

<6919
» 0389

46743
0402

06722
«0410

¢ 6700
«N388

06 E45
e 0345

«6714
=«0431

«HET2
«0369

6427
« 0329

«6480
« 0404

«6808
«0452

VELCCITY
VELOCITY
VELCCITY

VvELOCITY

HYDROGEN
HEAT VALUE

HYDROGEN
HEAT VALUE

HYCROGEN
HEAT VALUF

HYERCGEN
HEAT VALUE

HYCROGEN
HEAT VALUE

HYCROGEN
HEAT VALUE

HYDQROGEN
HEAY VALUE

HYLROGEN
HEAT VALUE

HYLRDGEN
HEAT VALUE

FYCROGEN
HEAT vALUE

HYDRDGEN
FEAT VALUE

HYCRCGEN
HEAT VALUE

HYDRCGEN
HEAT VvALUE

RYDROGEN
HEAT VALUE

347
430
420

651

«0520
12111

20524
12232

«0519
12163

20506
12051

«0517
12153

= 40519

#

"

"

)

N

12117

«0510
12055

«0503
11813

«0495
11837

«0516
1208¢

« 0458
11814

« 0464
11333

«0472
11184

«0513
12992

NITROGEN

NITROGEN

NITROGEN

NITROGFN

NITROGEM

NITROGEN

NITROGEN

NI TROGFN

NITROGEN

NITROGEN

NITROGEN

NITROGEN

NITROGEN

NITROGEN

1

"

«0126

00132

#0123

0125

«012¢

«2133

«N124

«0149

«0134

0130

«N14t

«0143

0130

«0116



oVl

RECOKD TYPE

CCAL

cCaL

CuaL

COAL

COoAL

COAL

COAL

GAS

GAS

GAS

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

TEST

03

17

19

21

14

22

0s

10

20

11

11

11

11

CATE

081111

081171

081111

091171

TIME

2200

0000

0100

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

ASH
SULFUR

CARBCN
HEAT VALUE

CAKBON
HEAT VALUE

CARBON
HEAT VALUE

cc2
s02
NO

cC2
s02
NO

cce
sa2
NC

ccz2
S02
NC

ca2
sC2
NO

cca2
sa2
NO

=

+1000
«0330

«1014
20342

« 0956
«0339

«0914
#0302

1078
«0274

1044
#0345

« 0661
«0132

«7238
22447

= «7240

=

=

woHou

(')

noNow

22460

« 7360
22630

1965

2085

2085

2085

397

CARBON
MOISTURE

CARBCN
MOESTURE

CARBON
MOISTURE

CARBON
MOISTURE

CARBON
MOISTURE

CARBON
MOISTURE

CARBCN
MOISTURE

HYDKOGEN
SPe GR,

HYDROGEN
SPe GRo

HYUROGEN
SPe GRe

cz2
UHC
NU2

€2
UHC
NO2

c2
UHC
NO2

02
UHC
NO2

c2
UHC
NO2

02
UHC
NO2

6717

= ¢0413

[

*

N

3

4

6767
«0412

«6819
« 0408

« 6885
+0400

«6735
+0458

« 6750
#0430

e7228
20417

22545
« 588

2450
«587

«2450
«585

« 046

0406

« 046

HYCROGEN
HFAT VALUE

HYCRCGEN
HEAT VALUE

HYCROGEN
HEAT VALUE

HYCROGEN
KEAT VALUE

HYCROGEN
HEAT VALUE

HYCROGEN
HECAT VALUE

HYDROGEN
REAT VALUE

NI TRCGEN

NITRUGEN

NITRCGEN

co
MOL

cc
MOL

cc
MOL

cc
MOL

[y}
MOL

ca
MOL

WGT{HC)

WGT {HC)

WGT{HC)

WGT(HC)

WGT (HC)

WGT (HC)

HoH

"

" ow "

"o

«0505
12138

«0509
12116

«0512
12213

«0512
12344

+ 0506
12062

+0508
12017

«0523
12781
+ 00458

«0075

+ 0057

NITROGEN
NITROGEN
NITROGFN
NITRQOGEN
NITROGFN
NITROGEN
NITROGEN
SULFUR

SULFUR

SULFUR

N2
HEAT(URC)
N2
HEAT(UHC )
N2
HEAT(UHC)
N2
HEAT{UHC )
N2
HEAT{UHC)

N2
HEAT{UHC)

"o [

#0126

20112

+0113

«0133

«N133

«0130



08l

RECORD TYPE

FLLE

FLLE

FLUE

FLLE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLLE

FLLE

FLLE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

11

11

11

09

09

09

09

09

Qa9

09

09

09

09

09

DATE

Q91171

091171

0511171

cs1171

cslin

091171

051171

091171

0811171

TIME

1200

1400

1500

1€0C

1700

1800

1500

2000

tcc

METH

co2
s$02
NQ

co2
sQ2
NQ

cQz2
s02
NO

co2
so2
NO

[ o3
s02
NO

cce
s02
NO

cce
sc2z
NO

cc2
s02
NO

cce2
$02
NO

co2
s02
NC

cc2
S02
NC

cce
SD2
NC

€Gc2
sC2
NO

co2
sQ2
NO

"

ooHow oMo " [ WoHo [ wonow wonou "o

«0770
651

+1080

«1025

2400

2400

2370

1980

2040

2070

2160

2220

2340

347

02
UHC
NO2

c2
UnC
NO2

az
UHC
NO2

02
UHC
NO2

o2
UHC
NO2

a2
NO2

02
UHC
NO2

02
UHC
NO2

az
UHC
NO2

c2
UHC
NO2

ce
UHC
NO2

az2
UHC
NO2

G2
UHC
NO2

02
UHC
NO2

"o o wonow " w

oy »oHo o oo W Hou N [

now oW

= 0840

. 027

«Q27

« 028

« 028

029

026

«025

«C27

e 036

cC
MUL

co
HOL

co
MOL

ce
MCL

cn
NCL

ca
MOL

co
MOL

[ofo]
MCL

co
MCL

cc
MOL

cc
MOL

cC
MOL

o
MOL

co
MOL

WGT{HC)

WGTLHC)

WGT{HC)

WGT (HC)

WGT (HC)

WGT(HC)

®GT {HC)

WGT {HC)

WGT (HC)

WGTIHC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT (HC)

(]

[

WM

0o

N2
HEAT(UHC)

N2
HEAT(URC)

NZ
HEATIUHC)

N2
HEATIUHC)

N2
HEAT{UHC)

N2
HEAT(UHC)

N2
HEAT{UHC )

N2
HEATIUHC)

N2
HEAT{UHC)

N2
HEAT(UHC)

N2
HEAT{UHC)

N2
HEAT{URC)

N2
HEAT{UHC)

N2
HEAT(UHC)

o

"o

"

Won
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PECURL TYPE

FLUE

FLLE

FLUE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

FLLE

FLUE

FLLE

FLLE

FLLE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

09

09

c9

08

o8

[+:)

03

[e1:3

08

03

o8

03

—

2

DATE

101171

1momn

ie1rn

101171

111171

TIME

150¢C

1e0C

1760

1800

1100

Lcc

~

~

w

w

1

FETH

co2
sa2
NQ

co2
$02
NC

a2
sg2
NO

cc2
s02
NG

caz
502
NO

ccz2
s02
NO

cee
s02
NO

£e2
s02
NO

caz
sQ2
NO

coz
NC

ccz
su2
NO

ca2
S02
NO

cae
S02
NO

cc2
502
NO

"o Wowow oMW Nonoa ®onon [ wonoa onow uowon aonw Houoa '] noWow

Wonow

«1080

«0230

394

«1280

«0720
2541

2220

2205

2205

2235

433

«1150

+ 0860
1306
922

«1100

«0190
184

2370

02
UHC
NO2

02
UHC
NO2

0z
UHC
NO2

a2
UHC
NO2

02
UHC
NO2

02
UHC
NO2

e
UHC
NO2

c2
UHC
ND2

cz
UHC
Nu2

cz
UHC
NO2

02
UHC
NO2

02
UHC
NO2Z

02
UHC
NO2

a2
UHC
NOo2

= 40840

=

=

=

= 40580

= o050

= 4050

=

= 4050

= 050

=

=

x

= L0400

=

= 0700
«C37

cc
MOL

ce
MUL

cu
MGL

co
MCL

o
MOt

co
MCL

ce
MOL

jp}
MCL

(9o
MCL

MOL

cc
MOL

cC
MOL

ce
ML

cn
MuL

wGT (HO)

WGT {HC)

WGT (HC)

WGT{HC)

WGT (HC)

WGT (HC)

WeT (HC)

WGT (HC)

WGT (HC)

WGT (HO)

WGTA{HC)

RWGT(HC)

wOLT tHO)

WGTIHC)

"o

o

"o

N2
HEAT{UHC)

N2
HEAT(UHC)

N2
HEAT(UHC)

N2
HEAT(UHE )

N2
HEAT(UHC)

M2
HEATLUHC)

N2
REAT(UHC)
N2
HEATLUKC)
N2
HE AT (UHC )

N2
HEAT{UHC)

N2
HEAT(UNC)

N2
HEATIUHC)

Iy

HEATIUNC)

N2
HEATHUNHL)

o

"

] "o (]

"

0o

0

won

"o



il

RECURD TYPE

FLLE

FLLE

FLLE

FLUE

FLLE

FLUE

FLUE

FLLE

FLLE

FLUE

FLUE

FLUE

FLLE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

12

12

12

12

o7

07

BDATE

111171

111121

1inn

nmnn

1i1l171

111171

111171

111171

121171}

TIre

120¢C

1300

140¢C

15¢0¢C

l1ece

170¢

1€0¢C

1€00

0s00

Lce

~

w

w

METH

coe
sC2
NO

€0z
S0z
NO

coz
sC2
NO

caz
s02
NC

cce
S0z
NC

ce2
sce
NO

ccz
902
NC

ce2
s02
NC

ce2
so2
NC

cec2
02
NC

co2
S02
NC

cece
s02
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HEAT{UHC)

N2
HEAT(UHC)

N2
HEAT(UHC)

won

(]

"o

"ow

"



091

RECORD YYPE

FLUE

FLUE

FLUE

FLLE

FLLE

FLUE

FLUE

FLLUE

FLUE

FLLE

FLUE

FLUE

FLUE

FLLE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

13

13

13

13

13

13

13

13

04

CATE

181171

181171}

181171

181171

181171

1811171

18117

181171

1811171

19117

TIrE

0200

0400

0400

0500

0500

0eQC

060C

c70C

01¢C

00040

Lcc

"

w

w

cc2
s02
NO

€02
502
NC

co2
502
NGO

co2
saz2
NG

cecz
sn2
NO

cc2
scz2
NO

cez
sa2
NO

€02
s02
NO

ce2
502
NO

co2
s0z2
NC

co2
s$02
NO

£a2
$Q2
NO

co2
so2
NO

ca2
s02
ND

noH oK ) "o

Ll nonow nonoa uon

]

« 0960

-0370
152
415

el28
1350

128
1425

33s

«128
1380

360

«128
1365

355

»128
1335

340

+ 1040

08395
1996

2216

c2
UHC
NO2

02
NO2

02
uHC
NO2

c2
UHC
NO2

02
UHC
NO2Z

02
UHC
NO2

02
UHC
NO2

Q2
UHC
NO2

02
UHC
NO2

0z
UHC
ND2

02
UHC
NO2

02
UHC
NO2

[sF4
UHC
NO2

02
UHC
ND2

nown nowou

on

®oHon [

[

K

«1000

«073

.C88

«087

«C87

« 091

«0880

«031

cc
MOL

cC
MOL

co
MOL

o
MOL

n
MOL

o
MCL

co
MOL

co
MOL

ce
MCL

co
MOL

[}
MOL

cc
MOL

cc
MOL

co
MOL

WGT{HC)

WGT (HC)

WGT {HC)

WGT{HC)

WGT {HC)

WGT (HC)

WGT (HC)

WGT {HC)

WGT (HC)

WGT (HC)

RGTHC)

wWGT{HC)

WGT (HC)

wGT (HC)

o

"

N2
HEATIUHC)

N2
HEAT(UHC)

N2
HEAT(UHC)

N2
HEAT(UHC)

N2
HEATLUHC)

N2
HEAT(UHC)

N2
HEATIUKHC)

N2
HEAT{UHC)

N2
HEATIUHC}

N2
HEAT(UHC)

N2
HEATL{UHC)

N2
HEAT{UHC)

N2
HEAT(UKC)

N2
HEATIUHC)

"o

W

(]

non



191

RECURD TYPE

FLLE

FLLE

FLUE

FLUE

FLUE

FLLE

FLUF

FLuUt

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

Gas

GAS

GAS

GAS

GAS

Gas

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

04

04

04

04

04

04

04

04

23

04

04

04

CATE

131171

191171

191171

sun

191171

191171

151171

191171

191171

191171

TINME

0100

0200

0300

0400

05¢C0

0e00

0700

8400

as00

0500

Lce

[

METH

co2
sn2
NO

ccz
s02
NO

caz
s02
ND

co2
s02
NO

cez
snez
NO

cge
s02
NO

cae
s02
NO

cc2
s02
NO

co2
5$02
NO

cc2
$02
NO

€02
502
AO

€02
so2
NGO

cg2
s02
NO

co2
s02
NC

2334

2334

2394

235%

2325

2250

2250

1420

352

«1320

«0755
1918
300

T 3715

0142
2130

365

02
UHC
ND2

02
[¥13108
NG2

02
UHC
ND2

02
UHC
NO2

a2
UHC
NO2

02
UHC
NO2

a2
UHC
N2

cz
UHC
NO2

c2
uHc
NO2

g2
UHC
NO2

a2
UHC
NO2

02
UHC
NO2

02
UHC
NO2

nz
UHC
NO2

[ Honow L] howon "

e

« 031

«C31

«030

«029

« 29

«028

«030

« 0420

«0510

o062

co
MOL

o
MaL

co
MOL

o3}
MOL

ca
mMoL

co
MOL

co
MCL

ce
MOoL

cc
MOoL

MOL

cc
mMoL

o
MOL

(i)
MOL

ce
MOL

WGT (HC)

WGT(HCH

WGT {HC)

WGT {HC}

WGT(HC)

WGT (HC)

WOT HT)

WGT(HC)

RGT (HC)

WGT(HC)

WoT (HC}

WGTIHC)

WGT(HC)

WGT (HC)

N2
HEAT(UHC)

N2
HEAT{URC)

N2
HEAT({UHC )
N2
HEAT(UHC)

A2
HEAT{UHC}

N2
HEAT(UHC}

N2
HEATLUNE )

N2
HEAT(UHC})

N2
HEAT(UHC)

N2
HEAT{UHC)
N2
HEAT{UHC)
N2
HEAT{UHC)
N2
HEAT{UKC)

N2
HEAT(UHC)

"

[

"o

[l



]

RECORD TYPE

FLLE

FLUE

FLLUE

FLUE

FLUE

FLUE

FLUE

Frut

FLLE

FLLE

FLUE

FLUE

FLLE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

04

04

04

Q4

05

05

05

05

05

05

05

05

05

DAVE

1911171

191171

1911171

1911

21111

221111

2111

221111

221111

TIrE

0¢00

0600

ara0

o0rac

2300

cooa

0100

¢100

0400

Lcc

w

METH

€02
s02
NO

ccz
snz
NO

ca2
sn2
NG

co2
$02
ND

caz
sD2
KO

cc2
s02
NO

cc2
s02
NC

caz
sQ2
NO

€02
sQ2
NO

€0z
s02
NO

ca2
s02
NG

cc2
s02
NG

cqQ2
502
NO

ca2
s02
NO

woHow

[ WouN "

"

"] WouoW [l o "

oW "

[

«l42
2070

340

el42
2040

325

«1310

»0570
539

210

210

420

333

1080

.0735
443
308

200

Q2
UHC
NO2

a2
UHC
NO2

a2
UHC
NO2

02
UHC
NO2

c2
UHC
NO2

02
UHC
NO2

02
UHC
NO2

0z
UHC
ND2

02
UHC
NA2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2
[aF3
UHC
NO2
0z

NO2

« 062

«0470

e £23

«023

«C23

«0580

[9¢]
MOL

co
MOL

ca
MOL

co
MOL

cc
MOL

cC
MOL

cc
MOL

(3]
MOL

co
MOL

co
MOL

(o3}
MOL

co
MOL

ca
MOL

co
MOL

WGT LHC)

WGT {HC)

WGT (HC)

WGT {HC)

WGT{HC)

WGTLHC)

WGT(HC)

WGT {HC)

WGT{HC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT {HC)

o

"o

wou "

nou

non

N2
HEAT(UHC)

N

HEATIUHC)

N2
HEAT(UHC)

N2
HEAT{UHRC)

N2
HEAT{UHC)

N2
HEATLUHC)

N2
HEATIUHC)

N2
HEAT(UHC)

N2
HEAT(UHC)

N2
HEATIUHC)

N2
HEATIUHC )

N2
HEATIUHC)

N2
HEAT(UHC}

N2
FEATIUKC)

WM

#

(]

no

"o

"o
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RECUKD TYPE

FLLE

FLUE

fLUE

FLUE

FLUE

FLUE

FLUE

FLLE

FLLUE

FLUE

FLLE

FLUE

FLLE

FLUE

LAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TESY

05

05

05

05

a5

s

10

12

10

10

10

10

OATE

2211171

22117

221111

22111t

231171

2311171

23111

23111

221111

TIiME

0500

0500

Ce0C

c60C

Qi1cc

aago

€100

€200

0300

C400

ceoc

cr00

LCC

[

METH

€02
s02
NO

cG2
s02
NQ

ce2
s02
NO

cce
sn2
ND

€02
502
NO

cg2
$02
NO

€02
s02
NC

coz2
s02
ND

cez
s02
NO

€02
s02
NO

cn2
502
NO

€02
$02
NO

€02
s02
NO

cc2
s02
NO

(R o oun L @ owow

W

2124
660

240

630

200
124
600

«1030

+0765
562

315

360

360

375

420

450

UHC
NO2

a2
uic
NO2

c2
UHC
NO2

02
UHC
NO2

£2
N2

c2
unC
NO2

a2
UHC
NO2

€z
UHC
NC2

Q2
UHC
NO2

02
UHC
NO2Z

02
UHC
NO2

Q2
UHC
NG 2

02
UHC
NO2

a2
UHC
NO2

.29

« 035

0650

021

«C21

021

«021

«021

«019

«019

co
MOL

(s}
MOL

o
MoL

o
MOl

e
MOoL

co
MOL

ca
MOL
co

MOL

€n
MOL

co
MOL

co
MOL

co
MOL

o
MOt

<o
MOL

WGT {HC)

WGY {RC)

WGT (HC)

WGT (HC}

WGT{HC)

WGT{HC)

WGT (HC)

WGT{HC)

WGT (HC}

WGT (HC)

WGT (HC)

WGT {HC)

wGY (HC)

WGT (HC)

n2
HEAT{UHC)

N2
HEATLURT )

N2
HEATIURC}

N2
HEATIUKCY

N2
HEATIUHC)

N2
HEAT({UHC)

N2
HEAT(UHC)

N2
HEAT{UHC)

N2
HEAT(UKC )

N2
HEATIUHC )

N2
HEAT{UHC)

N2
HEAT(UKHC)

N2
HEATLUNT)

N2
HEAT{UKC)



¥l

RECORD TYPE

FLUE

FLUE

FLUE

FLLE

FLLE

FLLE

fFLLE

FLUE

FLLE

FLLE

FLLE

FLUE

FLLE

FLLE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TESY

10

10

10

10

10

10

10

10

10

10

10

10

10

CATE

231111

231171

231111

231111

22111

2311171

23111

231111

2311171

231111

TIRE

0200

0300

0400

400

0500

Q500

Ceog

ge0Q

c1oc

c7100

LCcC

w

w

ca2
s02
NO

ccz
sa2
NC

€02
s02
NO

caq2
$02
NO

co2
sa2
AC

caz
502
NO

co2
s02
NO

€G2
s02
NC

co2
se2
NO

coz
s02
NO

co2
s02
NO

coz
s02
NO

co2
s02
NC

€02
502
NO

[ ook (] oo I

nouon Wonou [

“

233

« 0960

»0300
426
315

«130
510

«130
540

85

«131

100

132

100

0132
585

100

«132
510

110

02
UHC
NO2

c2
uHC
NO2

€2
UHC
NO2

G2
UHC
ND2

02
UHC
NO2

02
UHC
NO2

02
UHC
NC2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

ce
UHC
NO2

noton

«0760

« 060

2060

« 060

« 060

+ 060

co
MeL

cc
MOL

cc
MOL

cC
MeL

cc
HOL

co
MOL

[4e)
MOL

co
MOL

co
MoL

o
MOL

co
HOL

co
MOL

co
MaL

cc
NOL

WGT LHC)

WGT{HC)

WGT (HC)

WGT{HC)

WGT (HC)

WGT (HC)

WGT (HC)

WOT (HC)

WGT (HC)

WGTY (HO)

WGT (HC)

WGT {HC)

WGT{HC)

WGT(HC)

N2
FEATIUHC)

N2
HEATIUHC)

N2
HEAT(UKHC)
N2
HEAT(UHC)

N2
HEATLUKHC)

N2
HEAT(UHC)

M

HEATLUHC)

N2

HEAT{UHC)
N2
HEAT{UHC )
N2
HEAT{UHC)

N2
HEAT{UHC)

H2
HEAT{UHC)

N2
HEAT(UHC}

N2
HEAT{UHC}

"



91

RECORD TYPE

FLUE

FLUE

FLUE

FLUE

FLLE

FLLE

FLLE

FLLE

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GaS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

10

20

20

20

20

20

20

20

20

20

20

20

20

20

CATE

211

241111

24117

28111

241111

2411171

241171

2411171

241111

TIVE

000D

6100

0200

€300

0400

0500

ceoo

0200

c200

cQ2
sQ2
NC

ce2
sa2
NO

coz
S0z
NG

co2
502
NO

co2
s02
NO

€0z
sa2
NO

ca2
$02
NO

€02
s02
KO

cn2
502
NO

co2
s02
NO

cce
sS02
ND

cc2
s02
NG

cp2
s$02
NGO

co2
02
NO

« 0990

+ 0880
547

525

465

480

450

450

465

468

273

«1080

«0340
386
248

«126
510

150

c2
UKC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NDO2

02
UHC
NO2

02
UHC
NU2

02
UHC
NDO2

02
UHC
NO2

a2
UHC
NU2

c2
UHC
NO2

UHC
NO2

o2
UHC
NO2

c2
UHC
NO2

« 0650

« 030

«030

«C28

«030

«030

«032

2036

« 0520

«068

cc
Kot

cc
MOL

ce
MOL

co
MOL

co
MoL

co
MOL

co
MOL

co
MoL

co
MOL

ca
MOL

MCL

cC
MOL

MOL

cc
MOL

WGT (HC)

WGT(HC)

WGT (HC)

WGT (HC)

WGTIHC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT (HC)

WGY (HC)

WeT LKD)

WGT (HC)

®GT (HC}

WGT{HC)

N2
HEAT{UNHC)

N2
HEAT{UKC)

N2

HEAT{UHC)

N2
HEAT{UHC)

N2
HEAT(UHC}

N2
HEATEUHC)

N2
HEATIUHC)
N2
HEAT(UHC)
N2
HEAT{UHC)

N2
HEAT{UHC)

N2
REAT{UKHC)

N2
HEAT(UHC}

N2
HEAT(UKWC)

N2
HEAT(UHC)



991

RECORD

FLUE

FLLE

FLUE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TYPE

TEST

20

20

20

20

20

20

20

20

20

02

02

02

0z

02

CATE

24111

241171

2411171

241111

2411171

241111

24111

2411171

oni

301171

301111

EDIO R

TIMFE

0400

Q400

0500

0500

0600

0600

0700

c700

0000

0100

0200

9300

Lcc

w

w

FETH

co2
s02
NO

co2
502
NO

co2
s02
NO

caz2
s02
NO

co2
sa2
NC

co2
saz
NO

coz
s02
NO

cee
sn2
NC

cecz
s02
NO

€02
$02
NO

cce
s02
NO

ca2
502
NO

cec2
s02
NO

co2
s02
ND

W Nk

NN 'L HoWon oMo L]

o126

140

el28
555

135

«126
600

155

«126
600

155

«1060

1155
1813

2025

2040

2040

1980

€2
NO2

€2
UHC
NO2

02
UHC
~02

c2
UHC
NO2

02
UHC
NO2

02
UHC
NO2

©2
UHC
NO2

02
UHC
NO2

02
UHC
NOZ

02
UHC
NO2

a2
UHC
NO2

02
Uic
NO2

8%
UHC
NQ2

02
UHC
NO2

"owou nonow [}

070

« 068

«C73

<074

0570

«042

« 040

« 040

« 041

co
MOL

co
MNOL

cc
MOL

co
MOL

co
MOL

ca
HOL

cn
MOL

(93]
MOL

co
MOL

co
MOL

co
MOoL

cc
HOL

co
MOL

cc
MOL

WGT {HC)

WG T (HC)

WGT(HC)

WGT LHC}

WGT {HC)

WGT (HC}

WGT {HC)

WGT (HC)

WGT {HC)

#GT (HC)

WGT (HC)

WoT (HC )

wGT (HC)

WG T IHC)

3

[

[

"

"o

N2
HEAT(UHC)

N2
HEAT(UHC)

N2
HEAT{UHC)

N2
HEATC(UHC)

N2
HEAT(UKC)

N2
HEAT{UHC)

N2
HEAT(UHC)

N2
HEAT(URC )

N2
HEATIUHC)

N2
HEATLURC)
N2
HEAT(UHC)
N2
HEAT{UKHC Y
N2
HEAT{UHC)

N2
HEAT{UHC)

[}



91

RECDRD TYPE

FLLE

FLUE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

FLUE

FLLE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

02

02

82

02

02

02

02

02

02

02

02

02

02

02

CaATE

301171

jonn

3o

301171

3011171

301111

3o

301111

301171

onumn

301171

T1¥»E

c40C

0500

0600

grac

€200

€200

[ED

€30¢

G400

0400

0500

Lcc

w

™

w

[

METH

co2
saz
NC

cge
s02
NG

caz
502
NO

€02
s02
NO

co2
s02
NO

co2
s02
NO

ca2
sa2
NO

co2
sa2
NO

co2
s02
ND

co2
po¥4
NO

o2
502
NG

co2
$02
NC

€02
$02
NO

€Q2
s02
NO

woEon BoWou Honow H oW on

(]

Bouon

¥ oo (]

Wonow

1950

2010

1740

1725

«1320

«0910
1429
431

138
1740

336

2140

345

140

325

140

€2
UHC
NO2

a2
UHC
ND2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

o2
UHC
NO2

D2
UHC
NO2

02
UHC
NO 2

€2
UHC
NO2

c2
UHC
NQ2

UMNC
NG2

02
UHC
NO2

02
UHC
NO2

» 040

«C39

- C38

«C38

« 0560

« 064

« 060

co
MOL

cc
MOL

o
MOL

co
MOoL

co
MoL

co
MOL

co
MOL

[ofs]
MOL

<0
MOL

cn
MOL

co
MOL

cc
MOL

co
MOL

co
MOL

RGT (HC)

WGTLHC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT (HC)

WOT (HCY

WGT (HC)

WGT {HC)

WGT (HC}

WGT (HC)

WoT (RHC)

"GTHHC)

WGT (HC)

"oy

N2
HEAT(UKC)

N2
HEAT(UKHCY

N2
HEAT(UHC)
N2
HEATLUHC)

N2
HEAT(UHC)

N2
HEAT{UKRC)

N2
HEAT{URC)
N2
HFEAT(URC)
N2
HEAT(UHC)
M2
HEAT(UHC)
N2
HEAT(URC)
N2
WEAT{LH()
N2
HEATLUHC}
LY
HEAT(UHC )
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n
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RECORD TYPE

FLLE UAS

FLLE

FLUE

FLULE

FLLE

FLUL

FLLUF

FLLE

fLUE

FLUE

FLLE

FLUE

Flit

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

02

0z

02

0z

Q3

03

03

03

03

Qo3

Q3

03

CATE

3011171

301171

301111

301111

3011

0i1z71

a11271

011271

011271

01lz71

Q11211

ol1271

TIME

c5C0

ceQC

0e0C

c700

orco

a0cc

al1ac

c2q¢

040C

050C

0600

Lcc

w

w

[N}

FETH

co2
s02
NO

cez
sn2
NO

cn2
sa2
NG

co2
sa2
NO

cG2
sna
NO

co2
sue2
NG

cc2
s02
NO

cg2
502
NO

cce
snz
NC

ce2
s02
NC

cn2
502
NO

caz
s02
NG

€02
502
NO

cc2
S$02
NO

uoow

340

140

[T

Wowon

335

ol42

wonon

oo

310

«1310

«0855
1763

2160

noow

2145

2145

WMo

2145

0nouon

2160

oK ow

2130

nowon

2130

02
UHC
NO2

c2
UHC
NO2

02
UHC
NU2Z

02
UHC
NU2

02
UHC
NU2

02
UHC
NO2

t2
UHC
NG 2

€2
UHC
NG2

02
UHC
NO2

a2
UHC
NO2

ce
UHC
N2

[3F4
UHC
NO2
02
UHC
NO2

02
UHC
NO2

HoHon nouow nouoa nonow wonon wowon "o oo wonow wonow HouH W [

« CED

2062

O5EL

« 054

«C5¢

0057

0 C56

2056

«C56

+056

ce
MOL

ca
MOL

co
MOL

co
MOL

o
MOL

co
ML

c
MOL

o
MOL

ce
ML

cu
MOL

cn
MOL

cn
MUL

cn
MUL

cQ
MCL

WGT (HC) -

WGT{HC)

WGT IHC)

WGT (HC)

WGT {HC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT {HC)

WGT{HC}

WOT (HC)

WGT (HC)

WGT (H0)

WGT LHO)

uou

hon

0w

0o

W

oo

nou

"o

(]

won

N2
HEATLUNHC)

N2
HEATIUHC)

N

2
HEATIURC)

N2
HEATLUHE )

N2
HEATLUHC )

N2
BEAT(UKC)

N
HEAT{UHC)

r2
HEAT{UHC)

N2
HEATLUHC)

ne
HEAT(URHC)

N2
HEATULHC)

N2
HEATIURC)

Y3
HEAT{UHC }

N2
HEAT{UHC)

W

o

W
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W

oo

0on
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RECORD TYPE

FLLE

FLLE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

fFLUE

FLUE

FLLE

FLUE

FLLE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

03

03

03

03

03

03

03

03

03

03

03

03

03

CATE

ai1zn

gl1e71

0lle71

011271

011271

011211

011271

orizi11

01121

TIME

o70cC

040¢

G40C

05¢C

csoc

0¢ac

060C

070C

07100

Lec

1

w

w

w

€02
502
NG

caz
502
NO

€oe2
s02
NO

coe
s02
NO

CG2
snz
NO

€02
snz2
NO

ccz
502
NO

€02
s02
NC

cn2z
s02
NOQ

€02
soz
NO

€02
502
NO

€02
sQgz
NO

co2
sn2
NO

€02
snz
NO

oo [
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Hon o

2115

352

«1210

«0435
1308
492

el3z
1905

335

132

340

132
1845

365

+132

w
o
[=]

+1180

«1075
1544

02
UHC
Ne2

a2
UHC
ND2

ue
UHC
NO2

02
UHC
NO2

o2
UHC
NO2

c2
UHC
NG 2

c2
UHC
NO2

02
UHC
N2

02
UHC
N2

a2
UHC
NO2Z

02
UHC
NO2

02
UHC
NO2

02
usic
NO2

Qaz
UHC
NO2
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W Wowon oot “

« 056

«0¢50

«082

«081

« 080

« 080

« 0740

co
MOL

ca
MCL

co
MOL

co
MOL

<o
MOL

n
MOL

co
MOt

cc
MOL

o
MOL

co
MOL

o3}
MOL

co
MOL

co
MOL

ca
MOL

WGT(HC)

WGT (HC)

WGT (HC}

WGT {HC)

WGT (HC)

WGTIHC)

RGT (HC)

WG T {HC)

AT (HC)

"GT (HC)

WGT (HC)

WGT (HC)

WGT {HC)

WGT (HC}

non "ow [

N2
HEAT(UHC)

N2
HEATLURC)

N2
HEAT{URHC)

N2
HEATIUNHC)

N2
FEATIUHC)

N2
HEATIUHC)

N2
HEAT{UHC)

N2
HEAT{UHC)

N2
HEATLUHC)

N2
HEAT(UHC)

HEAT{UHC)
N2
HEAT(UHC)
A2
HEAT(UHC)

HEAT{UNC)
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RECURD TYPE

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

17

17

17

17

17

17

17

17

17

17

7

-

-

1

17

CATE

c21271

021211

021211

g21211

021411

021211

021211

021271

gz212m

0212

021211

Tire

0000

cicc

c2cc

c2qag

040C

ascc

geoC

0700

0300

040C

05¢0

Lcc

3

METH

ce2
sa2
NO

coz
502
NC

cc2
s02
NO

cce
$02
NO

ccz
s02
NO

cc2
sQ2
NG

cc2
s02
NO

ce2
s02
NC

co2
sa2
NO

ce2
s02
NO

co2
sg2
NO

o2
sQ2
NO

£ee
sa2
NO

coz2
s02
NO

Wi w noH o woron nowou [} W ' ] Wonoy [l wonu [

2040

2100

2085

2070

2100

2100

2085

2100

344

1280

« 0845
309

«134
1950

e134

340

02
UHC
NO2

02
UHC
NO2

02
UHC
ND2

02
UHC
NO2

02
UHC
Nu2

cz
UHC
NO2

c2
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NC2

a2
UHC
NO2

02
UHC
NO2

o2
UHC
ND2

02
UHC
NO2

L} nonon

[} ] [l [l " [l

« 042

«034

«037

« 036

«036

«037

038

040

0600

«073

«074

ca
MOL

ci
NOL

co
MOt

i)
MOL

cn
MOL

cc
MOL

cn
MCL

ce
MOt
cn

MOL

o
MOL

co
MOL

co
MoL

co
MOL

co
MOL

WGT (HC)

WGTIHO)

WGT (HC)

WGT (HC)

WGT (HC)

RGT (HC)

WGTHC)

WGTHHC)

WGT {HC)

wGT (HC)

WGT{HC}

WGT (HC}

WGT{HC)

WGT {HC)

0o

N2
REAT{UKHC)

HEATIUHC }

N2
HEAT{UHC)

N2
HEATLUHC)

N2
HEAT(UHC)

N2
HEAT(UHC)

N2
HEAT(UKHC)

N2
HEAT(UHC)

N2
HEAT{URC)

N2
HEAT(UHC)

N2
HEATIUHC)

N2
HEAT{UHC )

N2
HEAT{UHC)

N2
HEAT{UHC)
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RECURDL TYPE

FLLE

FLLE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GasS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

17

17

17

17

19

19

19

19

19

19

DATE

021211

021211

0212171

C21z11

0zi1z1

031271

231211

031471

0112171

031271

0312171

TIME

0500

ceoc

oecc

[ Xelo]

071€ce

c200

040C

as50¢

0600

Q700

Lcc

w

w

METH

cgz
s02
NGO

ce2
sn2
NO

caz
$Q2
NO

cc2
s02
NO

ccz
soz
NO

cn2
S0z
L8}

€02
sn2
NG

caz
502
NC

co2
502
ND

cae
502
NO

€oz

cez
S02
NO

caz
S0z
NG
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134

136
olo

340

136

345

260

0775

1

1

1

1

1

1

1

733

905

890

875

890

905

920

az
UHC
NO2

02
uHC
Nu2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHL
NO2

c2
UHC
NO2

-02

UHC
NO2

ce
UHC
NO2

oz
UHC
NOZ

o2
UHC
NO2

02
UHC
NO2

a2
UHL
NO2

Q2
UHC
NO2

= +0Q75

= o074

«074

0w

« 0660

#

» 060

« 060

+C59

-C59

«058

= 4060

co
MCL

co
MOL

o
MOL

s}
MOy

G
MOL

cc
MOL

[os}
MOL

cc
MOL

ce
MO

€0
MoL

ca
“aL

o
MCL

co
MOoL

Cco
MOL

RGT (HC)

®GTIHC)

WGT LHC)

WoT (HL)

WGTUHC)

WoT{HC)

WGT {HC)

WGT (HC}

WGT {HC)

WGT {HC)

WGTAHCY

WGT {HC}

WGT {HC)

WGT (HC)

n

"

N2
HEATIUHC)

NZ
HEAT(UNHC)

N2
HEAT{UHC)

N2
HFEATLUNC)

N2
HEATIURC)

N2
HEAT LUHC )

N2
HEAT(UHC)

N2
HFEATIUKC)

N2
HEAT{UHC)

N2
HFEATIUHC)
N2
HEATLUKC Y
r2
HEAT{URC)
N2
HEAT{UHC)

N2
HEATIUHC)
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RECORD TYPE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUE

FLUt

FLLE

FLLE

FLUE

FLLE

FLUE

FLUE

FLUE

GAS

Gas

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

19

19

19

19

19

19

21

21

21

21

21

21

21

21

DATE

71

71

041271

041271

de1271

041271

041271

Q41271

041271

TIME

o100

c2¢c

0400

€500

aeqQQ

o70C

LCC  METH

w

w

co2
s02
NO

ca2
sq2
NO

cce
so2
NO

€2
sQ2
NO

(03
$02
NO

co2
s02
NG

coz
sc2
NO

co2
s62
NO

€0z
s02
NO

cc2
s02
NO

ccz
sa2
NG

co2
s02
NO

cg2
502
NO

cc2
$a2
NO

"N (] . u W o (] wouou [t [ [N

394

«1090

«0395
86l
404

«126

1815

« 1040

«0755
1415

1860

1875

1860

1875

1860

18%0

1905

02
UHC
NO2

G2
UHC
ND2

0z
UHC
NO2

C2
UHC
NO2

c2
UHC
NO2

02
LHO
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
N2

02
UHC
NO2

a2
UHC
NO2

02
UHC
NO2
Q2
UHC
NO2
02

NO2Z

" "W noHow oo #onn [l Woun nH e
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« 0840

« 086

«0880

« C54

«C54

054

«C54

0054

«054

«054

co
MOoL

co
MCL

(A
MoL

cc
HOL

n
MOoL

cc
MOL

cc
MOL

co
MOL

cc
MOL

co
MOL

ca
MOoL

co
MaL

[}
MOL

o
MCL

WGT IHC)

WGT {HC )

WGT {HC)

WGT (HC)

WG T (HC)

WoT (HC)

WGT (HC)

WGT (HC)

WGT (HC)

wGT (HC)

WGT (HC )

WGT (HC)

WGT (HC)

®GT{HC)

"

N2
HEAT{UHC)

N2

FEAT(UHC)
N2
HEAT(URC)
N2
HEATLUKC)
N2
HEAT(UHC}

N2
HEATIUHC)

HEAT{UNWC)

N2
HEATLUHC)

N2
HEAT(UHC)

N2
FEATIUHC)

HEAT{UHC)
N2
HEAT{URC)
N2
HEATLUHC)

N2
HEATUHC)

#

"
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RECORL TYPE

FLUE

FLLE

FLUE

FLLE

FLUE

FLLE

FLLE

FLUE

FLLE

FLLE

FLLE

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

21

21

21

21

21

21

21

21

21

21

21

21

21

21

CATE

0412171

041271

041271

0412171

Q41211

041271

041271

041211

041271

0412171

0412171

TIME

020¢C

0300

040¢C

0400

€500

0500

Cecc

cegc

c10cC

orac

Lce

~

w

w

€c2
s02
NO

coe
s02
NO

co2
$02
NO

€o2
s02
NC

ca2
s02
AC

€02
502
NO

a2
S02
NO

cce
s02
NO

caz
soz
NQ

cc2
sQ2
NO

co2
snz2
NO

€0z
s02
NO

ca2
S02
AN

co2
sQ2
NO

W Honow " 4oun LI [

366

«1100

« 0565
451
322

124

«126
1710

195

o126
1575

198

e124
le65

19%

.l26
1710

205

o124
1740

210

02
UHC
NG 2

c2
UHC
NO2

cz
UHC
NO2

c2z
UHC
Nu2

a2
UHC
NO2

o2
UHC
NO2

0z
UHC
N2

az
UHC
N2

0z
UHC
NO2

02
UHC
NO2

Q2
UHT
NO2

02
Une
NO2Z

ce
UHC
NO2

02
UHC
NO2

«0740

«078

«077

« 077

078

«L78

078

co
MOL

cC
MCL

co
MOL

[4]
MCL

co
MCOL

[
L1418

o
MOL

ca
MOL

cc
MOL

co
MOL

[24]
MOL

co
MOL

€C
MOL

cc
MUt

WGT (HC)

"GT (HC)

WGT(HC)

WGT LHC)

WGT {HC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT (HC)

wGT (HC)

WGT {HC}

WGT HLY

WGT(HC

WG T {HC)

[

N2
FEATIUHC )
N2
HEATLUHC)
N2
REAT(URC)
N2
HEAT(UHC)
N2
HEAT(UKC)
N2

HEAT{LHC)

t2
HEATLUHC)

N2
HEAT(UHC )

M2

HEAT(UHC)
N2
HEAT{UHC)

N2
FEATIURC)

N2
HEAY {UNT)

N
HEATLUHC )

N2
HEATLUHCY
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RECORD TYPE

FLUE

FLUE

FLUE

FLUE

FLLE

FLLE

FLUE

FLLE

FLLE

FLLE

FLUE

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TESY

21

14

14

14

14

14

14

14

14

14

14

—

4

CATE

071271

071211

or12i1i

071271

¢r71211

crzmn

gr1211

071271

071271

TIME

0000

6100

0200

0300

040C

6500

0€0C

a71c6

0100

Lce

w

w

co2
s02
NO

co2
s02
NQ

ccz
s02
NO

a2
s02
NO

co2
502
ND

ce2
s02
NO

co2
s02
NO

cec2
s02
NO

cc2
502
NO

co2
sG2
NG

cc2
s02
NO

coe2
s02
NO

co2
saz
NO

cQ2
s02
NO
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«1060

1710

1725

1710

1695

1740

1770

1785

1815

«1220

140
1785

€2
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
uHC
ND2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

02
UHC
NGO 2

02
UHC
ND2

02
UHC
NO2

c2
UHC
ND2

€2
UHC
NO2

a2
UHC
NO2Z
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oo
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0820

0042

« 036

« 037

037

« 037

« 036

« (37

« 037

«0660

« 068

e
MoL

e
MOL

cc
MOL

[}
MOL

co
MOL

co
MOL

o
MOL

co
MOL

co
MOL

<o
MOL

ca
MCL

co
ML

co
MOL

o
MOL

WG T (HC)

WGT (HC)

WGT{HC)

WGT (HC)

WGT (HC)

WGT LHC)

NGT (HC)

WGT (HC)

WGT (HC}

WGT (HO)

kGT (HC)

WGT(HC)

WGT (HC)

WGT (HC)
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)
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N2
HEAT{UHC)
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HEAT{UHC)

N2
HEATIUKC)

N2
HEAT(UHC)
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HEAT(UKHC)

N2
HEATLUHC)

N2
HEAT(UHC)

L4
HEATLUHC)

N2
HEAT(UHC)
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HEATLUHC)
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HEAT(UHC)
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HEAT{UHC)
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HEAT(UHC)
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HEAT(UHC)
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RECURD TYPE

FLUE

FLULE

FLLE

FLUE

FLUE

FLLE

FLUE

FLUE

FLUE

FLUE

FLLE

FLLE

FLLE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TFST

14

14

14

l4

14

14

14

14

14

LATE

07112171

67121

ariernt

cria271

cr1211

011271

€11211

0r1z11

0131211

ariz2i1

071211

gr1211

¢r1211

TIME

0100

0200

0200

0300

040C

040C

65C¢C

0s0¢

060C

060C

o700

07100

(444

w

w

W

METH

co2
s02
NG

co2
sa2
NO

€a2
s02
NQ

cec2
502
NO

cce
sg2
NC

cnz
sn2
NO

co2
s02
NO

cu2
so2
NG

ceez
502
ND

cn2
s02
NO

a2
s02
NO

cag
se2
NO

ccz
502
NO

cce
s02
NQ
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205

0142
1725

200

«l42
1755
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140
178%

1ss

140
1830

210

o142
1815

205

«l42
17€5

205

«1260

c2
UHC
NG2

02
UHC
NO2

c2
UHC
NO2

0z
UHC
NO2

02
UHC
NO2Z

UHC
NO2

c2
UHC
NO2

ce
uHC
NO2

cz
UHC
NO2

a2
UHC
NO2

uz
UHC
NO2

a2
UHC
NO2

02
UHC
ND2

a2
UHL
NO2

" X " [} a@onn "

L]

"onow

* H

2072

«071

L7

«071

«070

«C71

«Q¢la

cc
MOoL

cc
MOL

co
MOL

co
MGL

ca
MOL

4¢)
MOL

cC
MCL

e
©OL

co
MOL

MOL

co
MoL

cC
MOoL
co

MCL

ca
MOL

WGT{HC)

WGT (HC)

WGT {HC)

WGT {HC)

WGT (HC)

WGT (HC}

wGT tHCO)

WGT(HC)

WGT(HC)

WGT {HC}

RGT{HC)

WGTLHC)

WGT (HC}

WGT (HC)

[

%

.4

[

o

"

[0

N2
HEATIUHC)

N2
HEATCUHC)

N2
HEAT({UHC)

N2
HEATIUHC}

K2
HEAT(UHC)

NZ
KEATIUKC)

N2
HEAT{UHC)

N2
HEAT(UKC)

N2
HEAT(UHC)

N2
HEAT{LHC}

N2
HEAT(UHC)

N2
HEAT{UHC}

N2
HEAT(UHC)

N2
FLAT(UHC)

"

"o

no

(]

o

won



9Ll

RECORD TYPE

FLUE

Foul

FLLL

FLUE

FLUE

FLLE

FLUE

FLLE

FLLE

FLLE

FLlt

FLUE

FLUE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TESY

15

15

15

15

15

15

15

15

15

CATE

ce12n

CE127]

cslz2n

08letl

ce1zv1

celer

cal1271

cgl2rt

€81271

er211

TIME

acoc

o100

cacc

cico

040C

050¢C

0e00

0700

cl00

Q0100

LeC

w

METH

€G2
s02
NU

caz
S02
NO

CC2
s02
NO

cce
s02
NO

co2
s02
NC

cca
02
NC

cg2
S0z
NO

€02
502
NO

co2
s02
NO

co2
s02
NO

€02
sC2
NO

cc2
su2
NG

G2
s02
ND

ce2
502
NO

wonow "o N [l oMo Wonow nonou T nouon oMoy WoR R [} B

CRNTl

2010

2115

2115

2100

2115

2115

2115

2115

#1220

o138

275

02
ulc
NO2

a2
UHC
NO2

02
UHC
NO 2

c2
UHC
NO2

c2
UHC
NO2

c2
UnC
NC2

02
UHC
NO2

02
UHC
NO2

02
UHL
N2

02
UHC
NO2

02z
UHC
NO2

02
UHC
NO2

02
UnC
NO2

02
UHC
NO2

oW Wouow “onom wouow Woaon nonow wonon o on noen Honow % "

«Ca6

« 037

« 036

«037

<036

= C37

«C36

Q€60

+070

co
MOL

c
ML

cc
MOoL

(o)
MOL
cc

MCL

cc
MOL

cc
MOL

cc
MOL

o
ML

co
MaL

o
MOL

co
MoL

ca
MOL

cn
MCL

AGT {HC)

WGT (HC)

WGT (HC)

WGT (HC)

WGT(HC)

WGT{HO)

WGT {hC)

WGT (HC)

WGT tHC)

WGT (HC)

WGT tHO)

WGT (HC)

WGT {HC)

WGT {HC)

"o

[

"on

[

Won

"

Nz
HPFAT{UHC)

Ly

HEAT(UHC )

N2
HEAT(UHC)

N2
HEATIUHC)

N2
FEATIUHC)

LY
HEAT{UHC)

LY
HEAT(UNC)

N2
HEAT{UHC)

N2
HFATIUKC)

L
HEATIUHC)

N2
HEAT{UHC)

L4

REAT(URC)

N2
HEAT(UKC)

N2
HEAT{UHC)

no"

non

a

“o



L

RELORD TYPE

FLUF

FLLE

FLUE

FLUE

FLLE

FLLE

FLLF

FLUE

FLUE

FLUE

FLLE

FLUE

FLLE

FLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

15

15

15

15

15

15

22

22

22

22

22

Catt

ca1271

CE12171

ce1z1l

€aletl

c81211

0d12171

Ce1271

€%1211

05127

€s1271

0812171

091271

TIME

c€z0cC

0200

6s5¢cC

0500

0e0Q

07100

agoc

0100

azo0¢

c2oc

040C

Lee

w

YETH

co2
502
NU

€0
s02
NO

cg2
s02
NO

ca2
502
NO

cec2
s02
NO

coz
s02
NO

co2
sg2
NO

€02
s02
NO

Loz
s02
NO

coz
s02
NO

CC2
s02
NO

cee
S02
NO

co2
s02
KO

cu2
s02
AC

ooy won W [ w wonow o Wonon Howon Honow “onow uoHo woun Nouon

WoW oy

o138

265

el36

«140

240

235

245

«1220

930

855

150

750

675

02
UHC
NO2

02
UHC
NO2

Cc2
UHC
NO2

az
UHC
ND2

02
UHC
NO2

02
UHC
NO2

02
UHC
NO2

UHC
NO2

2
UHC
NO2

a2
UHC
NU2

0z
UHC
NO2

02
UHC
NO2

ce
UHC
NO2

c2
UHC
ND2

" Honn "

[l e

'

« 069

« 042

0 C42

0042

2042

042

n
MOL

o
HMaL

<
MOL

0
MOL

cc
MOL

cC
MOL

co
MOL

o
MOL

co
MCL

co
LU

co
MoL

cn
reL

co
MOL

MUL

WGY (HC)

WGT (HC)

WGT HC)

WoTHHC)

WGT(HC})

wGT {HC)

WGT (HCY

WGT (HC)

WGT {HC)

WGT(HC}

WGT (HC)

WGT (HC)

WGT(HC)

WGT(HC)

"o

"o

N2
HEAT(UKC)

N2
REATLUHC)

"2
EFATLUHC)

N2
HEAT{UHC)

N2
HEATIUHC)

N2
HEAT{URC)

N2
HEAT{UHCY

N2
HEAT{UHC)

N2
HEAT(UHC)

N2
HFEAT(UHC)

FEAT(UFC)

N2
HEAT{UKRC Y

N2
HEAT(UHC)

N2
HEATLURC)

[

"o



8ll

RECURD TYPE

FLLE

FLLE

FLLE

FLUE

FLLE

FLLE

FLLUE

FLLUE

FLLE

FLUE

FLLE

FLLE

FLUE

FLLUE

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

TEST

22

22

22

22

22

22

22

22

22

22

22

22

CATE

as12171

0512131

061271

09121

esi211

csian

051¢71

cs1271

0512121

051211

TIFE

05€0

(17314

crce

0100

02¢€¢C

c40C

cscce

CeocC

c1cc

Lce

~

1w

o

w

w

w

YETH

co2
s02
NO

co2
s02
NO

co2
s02
NC

caz2
s02
NO

€o2
SN2
NO

cc2
502
NO

ce2
sa2
NO

€c2
s02
NGO

[ op]
502
NO

ccz
snz
NC

ca2
Sg2
NO

cce
s02
NO

co2
$02
NO

cg2
so2
NO

wonow WoNon "o ow LR W4 nonoy o onon wonow [ nowon Honon "o TN

oW

600

690

«1310

«138
1920

«138
2040

138
2040

el36
2040

ol34
2130

134

136

200

n2
UHC
Nu2

c2
UHC
NG2

c2
UHC
LDF

02
UHC
NO2

02
UHC
NO2

0z
UHC
ND2

02
ule
NO2

02
UHC
NO2

2
UHC
NO2

Q2
UHC
NO2

ne
UKHC
NO2

a2
UHC
Nu2

02
UHC
NO2

c2
UHC
NQ2

[

oW Houon noww Moo W oowou Howow Houow oy oW

«042

042

0042

0560

«058

«0%6

cc
MCL

(4%}
MOoL

cc
MOL

%9}
MaL

cc
MoL

co
MOL

co
MOL

[2v]
MOL

o
MOL

co
MOL

o
HOL

cn
MOL

cn
MCL

cc
MOL

WGT (HC)

WGT{HC)

WGT (HC)

AT (HC)

WGT (HC}

WGT (HC)

WGT (HC)

WGT (HC)

WGT {HC)

WGT (HO)

WGT IHCY

WGTHC)

"GTIHC)

WGT (HC)

"oH

"

o

(]

"

"won

"

(]

N2
HEAT(URC)

M2
HEAT(UKC)

N2
HEATIUNC)

N2
HEATIURC)

M2
HEAT{URHC)

M2
HEATILHC)

M2
HEATIUNHC)

N2
HEATIUMC }

N2
HEAT(UHC)

¥4
HEATLUHC)

N2
HEATLURC)

N2
HEAT{UHC)

N2
HEATIUHC)

N2
HEAT{UHC)

]

o

)

non

[



6Ll

RECURL TYPE

FLUE GAS

CONSUMPT JON

CONSUMPTION

COUNSUMPTION

LUNSUMPTION

CONSUMPT ICN

CONSUMPTION

CONSUMPTTUN

CUNSUMPTION

CONSUMPT JON

CUNSUMPTIUN

CCNSUMPTION

CONSUMPTION

CUNSUNPT ION

CUNSUMPTION

CUNSUMPTION

CENSUMPTI UGN

CLNSUMPTIUN

TEST

22

11

09

)

12

o7

[+ 13

ol

18

13

04"

05

10

20

02

03

17

CATE

TINME

Lec

METH

coz
s02
NO

CCAL
GAS TEMP

CCat
GAS TeEMP

CCcaL
GAS TEMP

COAL
GAS TEMP

CoaL
GAS TEMP

cecat
GAS TEMP

COAL
GAS TEMP

CDAL
GAS TEMP

coaL
GAS TEMP

CCAL
GAS TEMP

CCAL
GAS TEMP

COAL
GAS TEMP

COAL
GAS TEMP

COAL
GAS TEMP

COAL
GAS TEMP

COAL
GAS TEMP

COAL
GAS TEMP

L

"

[l [ 0 (] () “ou

[ "o "o oo o

[

"

"

Hou

«1260

85.0

8345

63,7

83.9

84,2

3061

6448

4843

32.3

6342

34,0

6440

4644
6540

2640

bte 9

Gbe2

6542

4544

5045

c2

UHC

NO2

TEMP(FA)

TEMP(FA)

TEMP{FA)

TEMPIFA)

TEMPIFA)

TEMP(FA)

TEMP (FA)

TEMP(FA)

TEMP(FA)

TEMP(FA)

TEMPLFA)

TEMP(FA)

TEMPIFA)

TEMPLFA)

TEMPIFA)

TLMP(FA)

TEMP(FA)

«0630

150

150

150

150

150

150

150

150

150

150

150

150

150

150

150

150

150

cC
MOL

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

WGT{HC)

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLOW

FLUW

FLOW

FLOW

FLOW

FlLUw

FLOW

FLOW

FLOW

FLOW

Flaw

»

292

400

374

N2

HEAT{UHC)

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

GAS

PRES

PPES

PREC

PRFS

PRES

PRES

PRES

PRES

PRES

PRES

PPES

PRFS

PRES

PRES

PRES

PKES

PRES

1547

l6e3

15,2



o8t

RECURD TYPE

CUNSUMPTIDON

CCNSUMPTION

CURSUMPTION

CONSUMPTIUN

AR HLATER
AIR HEATER
AIR HEATER
AIR HEATER
AlR HEATER
AIR HEATER
ALR HEATER
AIR HEATER
AIR HEATER
ALK HEATER
AIR HEATER
AIR HEATER
AlR HEATER
Alk HEATER
AlR HEATER
AIR HEATEFR
Alk HEATER
AIR HEATER
AIR HEATER
ATR HEATER

AIR HEATER

TEST

21

14

15

22

o1
06
06
Qs
[+13
[+13
Q6
06
o6

06

18
18
13
13
13

13

CATE

151171
151171
151171
161171
161171
161111
161171
161111
161111
161171
l1el117
1111
171111
171 n
1711
171171
17111
171171
171171
181111

181171

TIME

000
220C
2300
coce
01cC
0200
a1Q0
0400
0500
0eCC
23900
occe
o1c0
020¢C
0300
0400
0s5¢cC
0600
2300
coce

0l00

Loc

PETH

COAL
GAS TEMP
COoAL
GAS TEMP

CCAL
GAS TEMP

COoAL

GAS TEMP
TEMPLALR)
TEMPLALIR)
TEMP(AIR)
TEMPLALIR)
TEMPIAIR)
TEMPLAIR)
TEMP(ALR)
TEMPLAIR]
TEMP(AIR)
TEMPLAIRY
TEMP(AIR)
TEMP(AIR)
TEMP(ALIR)
YEMP(AIR)
TEMPLAIR)
TEMP{AIR)
TEMPLALR]D
TEMP(ALIR])
TEMP{ATR)
TEMPLAIR)

TEMPEAIR)

3244

47.0

4643

63,2

223
226
228
228
228
228
228
228
233

2317

237
237
236
236
236
234
237
240
240

242

TEMPLFA)

TEMPLFA)

TEMP(FA)

TEMP(FA)

TEMP{GAS)
TEMP{GAS)
TEMPIGAS)
TFMP (GAS)
TEMPLGAS)
TEMPLCAS)
TEMP(GAS)
TEMP(GAS)
TEMP{GAS)
TEMP LGAS)
TEMP{CAS)
TEMP (GAS)
TEMP{GAS)
TEMP(GAS)
TEMP{GAS)
TEMP{CGAS)
TEMPIGAS)
TEMP (GAS)
TEMP(GAS)
TEMP {GAS)

TEMP{GAS)

150

150

150

150

329

332

321
3z0
320

320

320

GAS

GAS

GAS

GAS

fLOw

FLOw

FLOW

FLOW

PEFS

PRES

PRES

PRES



181

RECUKL TYPE

AIR
AIR
Aln
AlR
ALk
AlR
Alp
AlR
Alk
Alk
AlR
AlR
Alk
AlR

Al

=

AlR

AlR
AlFR
AIR

Alk

AlK
AIR

AIR

=

Al

AlR

HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATH®
HEAT LK
HEATER
HEATER
HEATER
HFATER

HEATER

R HEATLR

HEATER
HEATFR
HEATLA
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

HEATER

TEST

13
13
13
13
13
04
04
04
04
04
04
24
04
05
05
05
05
05
05
05
0s
a5
10
10
10
10

10

CATE

le1171
141171
1e111
181171
181171
121171
151171
151171
191171
151171
1s11n
191171
151171
2111n
221111
221111
221171
221171
221111
221111
221111
221111
231171
23111
231171
221171

2311711

TIME

cace
03¢0
2400
144
0e0C
2300
ceee
vl100
oz2co
030c
040C
500
Q€00
230¢
acce
01c0
020C
0300
0400
0500
C60C
c700
2000
croc
020¢
0300

0400

Loc

METH

TE¥P{AIR)
TEMP(ATR)
TEMP{ALIR)
TEMPLATR)
TEMFLAIR)
TEMPLAIR)
TEMPLAIR)
TEMPIAIR)
TEMPLALIR)
TEMPLALIR)
TEMPLALR)
TEMPLAIR)
TEMPLALR)
TEMPUAIR)
TEMF(AIR)
TEMPIATRY
TEMP(ATRY
TEMPLAIR)
TEMP(ALIR)
TEMP{AIR)
TEMPLALIRY)
TEMELATIR)
TEMPLALR)
TEMP{AIR)
TEMP(AIR)
TEMPLAIR)

TEMPILAIR)

234
235
235
236
236
23¢
235
235
23¢
235

235

235

235

236
236

237

TEMPLGAS)
TEMFIGASY
TEMP(GAS)
TEMP(GAS)
TEMP (LAS)
TEMP{GAS }
TEMP (GAS)
TEMPLGAS)
TEMP(GAS)
TEMP (GAS)
TEMP{CAS )
TEMP (GAS)
TEMPIGAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TEMP (GAS)
TEMP{GAS)
TEMPIGAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TEMP(GAS)
TEMP {GAS)
TEMP(GAS)
TEMP{GAS)

TEMP (GAS)

314
2117
322
321
322
323
323



a1

RECURD TYPE

Alk
Alk
AlF
AlLR
AlIR
AlR
AIR
AlK
Alk
AlR
AIR
AlR
ATk
AR
ALR
AIR
K1R
AlR
AlR
AlR
AlR
AIR
AlR
AlR
Alk
AIR

AIR

HEATER
HEATER
HEATER
HEATLK
HEATLR
HEATEK
HEATER
HEATEFR
HLATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATFR
HEATEK
HEATER
HEATER
HEATER
HEATER
HEATEK
HEATER
HEATER
HEATER

HEATER

TEST

10

10

10

20

20

20
20

20

20
02
02
02
a2
22
02
g2
02
02
03
03
03
a3
03
03
03

CATE

23111
221N
231111
2411171
2411171
24111
241171
241171
241171
24111731
2411171
261111
301171
3orirl
L
3011171
3o1171
301111
ici1rl
3o
301171
011271
011271
c11271
011z
al1271

011217l

TIrE

€500
cecc
c70¢C
Q000
cice
0240¢C
€290
040C
0500

aecC

€ce
2300
Joo¢
010¢
0200
03cC
040¢C

€s5¢CC

Lce

FETH

TEHPLAIR)
TEMP{AIR)
TEMP(AIR)
TEMPIAIRY
TEMP(AIRY}
TEMPLAIR)
TEMP{AIR)
TEMP{AIR)
TEMP(AIR)
TEMP(ALR])
TEMP{AIR)
TEMPLALIRY)
TEMPLALR)
TEMF(AIR)
TEMP(ATRY
TEMP(AIR)
TEMPLALIR)
TEMPLALIR)
TEMPLALIR)
TEMPLALTR)
TEMPLALIR)
TEMPAIR)
TEMPUAIR)
TEMP{ALR)
TEMFLALIR)
TEMP{AIR)

TEMFLALIR)

236
236
234

234

234
234
234
234
234
234
233

233
233
233
233
234

234

234
234

234

TEMP {GAS)
TEMPLGAS)
TEMP {GAS)
TEMP(GAS)
TEMP(GAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TEMP(CGAS)
TEMP (GAS)
TEMP (GAS)
TEMP (GAS)
TEMP LGAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TEMP (GAS)
TEMP {GAS)
TEMP(GAS)
TEMP(GAS)
TEMP {GASY)
TEMP{GAS)
TEMP (GAS)
TFMP{GAS)
TEMPLGAS)
TEMP (GAS)

TEMP (CAS)

323
323
224
206
306

ags

306
306
306

323

226

220

327

az7

321
z2v
327



€8l

®ECURD TYFHE

Alkr
ALR
AR
Alw
AlR
AR
Alk
AlIR
ATk
ALK

Al

n

AIR

Alk

Al

o

AlR
AIR
AJP
AlR
ALR
Alk
Alk

Al

-

ALR
AIR
Alk
AlR

Alk

HEATER
HEATEK
HEATEK
HEATEF.
HEATE&
HEATER
HEATER
HEATEFR
HEATER
HEATEEK
HEATER
HEATER
HEATEK
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATEFR
HEATER
HEATER
HEATFR
HEATEF

HEATER

TEST

03
17
17
17
17
17
17
17
17
17
19
19
19
19
19
19
1y
19
19
19
19
21
21
21
21
21
21

CATE

gllzn
011271
0z1211
o121
c21271
0z1211
0zlzrt
0z1211
021211
g21z211
011271
011271
a1zl
02121
0z12mM
az1z211
02121
021211
az12M
021211
0z1271%
021271
a41271
041271
041211
041271
041271

Tire

0eCC
210¢C
a00¢
o1c0
0200
g20C
0400
0500
060C
ar0C
21¢cc
2200
2320¢
cogc
o10¢
0z6¢C
2300
0400
0500
060¢
Q10¢
2300
300¢
c1o0¢
gzog
c3cc

0400

Lcc

METH

TEMF(ALIR)
TEMFLAIR)
TEMP(AIR)
TEMP{AIR)
TEMF(ATIR)
TEMPLALIR)
TEMP(ALIR)
TEMPLAIRY
TEMPLAIR)
TEMPLALK)
TEMPIATR)
TEMPLAIR]
TEMPLAIR)
TEMPLALR)
TEMPLAIR)
TEMPLALIRY
TEMPLAIR)
TEMPLAIR)
TEMP{AIR)
TEMPLALIR)
TEMP(AIR)
TEMPLAIR)
TEMPLALR)
TEMP(AIR)
TEMP(ALR)
TEMP(AIR)

TEMP(AIR)

234
223
223

223

223
231
242
238
23%
235
235
236
236
236
236
236
23¢
236
235
234

233

232
232

232

TEMP (GAS)
FEMPIGAS)
TEMP (GAS)
TEMPIGAS)
TFMP{GAS)
TEMPIGAS)
TEMP(GAS)
TEMP (GAS)
TEMP{GAS)
TEMP{GAS)
TEMP (GAS)
TEMP{GAS]
TEMP (GAS)
TEMP{GAS)
TFMP (GAS)
TEMP (GAS)
TEMPLGAS)
TEMP (GAS)
TFME(GAS)
TEMP (GAS}
TEMP(GASY
TEMP{GAS)
TEME (GAS)
TEMPIGAS)
TEMPLGASY
TEMP (GAS)

TEMP (GASY

I3

319
318
313
318
318
3le
31%
412
4l3
417
422
3s2
348
346
351
3%2
363
393
440
436
422
415
413

315



78l

RELURD TYPE

Alk HEATER
AlR HEATEFR
AlR HEATER
AIR HEATER
Alk HEATER
AlF HEATEHK
Alk HFATER
ALlR HEATER
AIR HLATER
AR HEATER
AlK HEATER
AIR HEATFR
ALK HEATER
AlR HFATFR
ALt HEATER
ALK HEATER
AIR HEATEK
ALK HEATER
Alk HEATER
nwlk HEATER
Alk HEATEF
AlR HEATER
Alk NEATER
ALK HFATER
ALk HEATER
AlK HEATER

AIR HEATER

TEST

21
21
21
14

14

22
22
22
22

22

DATE

041271
V412171
0412171
ge1271
071211
071271
071271
gr1271
grr2n
arnzn
cr1271
071271
Ce1271
ae121l
0412171
cs121
ogi211
cel211
Celz211
adl271
este2rl
031271
cs12171
cslz2l
0912171
051271

og117!

TIVE

0500
0eq0cC
aroc
220C
cooc

0120

ceal
arce
2000
c1cce
020C
czgc
G4CC
0500

140C

Lcc

FETH

TEMPLAIR])
TEMPLAIRI
TEMP(AIR)
TEMP(AIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMP(ALIR)
TEMPLATR)
TEMPLAIR)
TEMP(AIR)
TEMPLAIR)
TEMP(AIR)
TEMP{AIR)

TEMPLATIR)

TEMPLALIR)

TEMPLALR)
TEMP(AIR)
TEMPLAIR)
TEMPLALR)
TEMPLALR)
TEMP(AIR)
TEMPLATR)
TEMPLAIRY)

TEMPLAIR)

232
232

234

233
217
199

199

232
235
237
237
237
262
257
2517
257
263
312
319
322

320

322

162

TEMPIGAS)
TEMP(GAS)
TFMP(GAS)
TEMP(CAS )
TEMP LGAS)
TEMPIGAS)
TLMP(GAS)
TEMFLCAS)
TEMPICAS )
TFMP {GAS)
TEMP(GAS)
TEMP (GAS )
TEMP (GAS)
TEMP (GAS)
TFMPLGAS)
TCMP (GAS)
TEMP (GAS)
TEMP (GAS)
TFMP IGAS)
TEMP (GAS)
TEMPIGAS)
TEMP(GAS)
TEMP(GAS)
TEMP (CAS)
TEMFP{GAS)
TFMF{CAS)

TEMP(GAS)

33¢

335

33¢

420

3699

370
367
4Co
400
357
398

294



48l

PELORD

ALk
ALk
Alk
AlR
AlR
Alk
AlR
Alk
Alk

ALR

Alk
AlkK
AlR
AlR
Alk
AIR
ALK
AIR

AIR

HEATER
HEATER
HEATER
HEATE R
HEATER
HEATER
HEATEK
HEATER
HEATEK

HEATER

. HEATEFR

HEATEK
HEATER
HEATEK
HEATEER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

HEATEK

TYPE

TEST

11
11

09
0s
09
a9
09
09
09
Q09
09
09
09
o8
oa
o8
[+1:]
o8

08

Cate

0dil171
agl117l
og1in
041171
081171
081171
0171
0811171
081171
0811171
091171
091171
091171
091171
0s1111
0s1171
051171
091171
Q91171
091171
091171
101071
101071
101C¢71
101C71
101071

101c71

TIvE

1500
1£00
110¢C
1800
150¢C
2200
2100
220¢C
2300
acaeo
asce
1000
110¢
1200
1300
1400
1500
l1e0¢C
110¢C
180C
1500
0900
1cce
11C0
1200
1300

1400

L

FETH

TEMP(AIR)
TEMPLALIR)
TEMPLATR])
TEMFLAIR)
TEFPLATIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIRY
TEFMPLAIR)
TEMPLAIRY)
TEMPLALRY
TEMP(AIR)
TEMF(AIR)
TEMFLAIR)
TEMPLAIR)
TEMPLALK)
TEMPLAIR)
TEMPLALRY
TEMPLAIR)
TEMPLALIR)
TEMPLALIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIRY)
TEMP(AIR)

TEMP(AIR)

158
166
169
173
163
165
169
169
169
170
163
160
158
157
156
157
160
lol
le3

lo4

TEMP(GAS)
TEMP{GAS)
TEMP(GAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TFMP{GAS)
TEMPIGAS)
TEMPLGASY)
TEMP LGAS}
TEMP(GAS)
TEMP{GAS )
TEMP(GAS)
TEMP(GAS)
TFMP (GAS)
TEMPIGAS)
TFMP{GAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TEMP{GAS)
TEMPLCAS)
TEMPIGAS)
TEMPLGAS)
TEMP{GAS)
TEMP (GAS)

TEMP(GAS)

302

303
302
299
259
298
299
299
01
203
Q1
302
303
300
203
302
305



98l

RECORD TYPE

AIR
AlR
AlR
AIR
AlK
AlR
AlK
ALR
AIR
ALK
AIR
AlR
AlR
AlK

ATk

Alk
Alw
AlR
Alk
AlR

AIR

AlR
AR
AIR
AR

AIR

HEATEK
HEATER
HEATER
HEATER
HEATEK
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATEFR
HEATER
HEATER
HEATEK
HEATER
HEATER
HFATER
HEATER
HEATER
HEATFR
HEATER
HEATER
HEATFhR

HEATER

TESY

08
08
08
08
12
12
12
12
12
12
12
12
12
12
07
o7
o7
o7
o7
o1
07
o7
o7
ol
01
o1

0l

CATE

101c11
101071
101071
10107
1111
111171
111171
1111
1inmn
111171
1111
111171
111171
111171
12111
121171
121171
121171
1c1171
12i1n
1zi111
121171
121171
141171
141171
151171

15111

TINE

15a¢
1600
1700
l1ecC
0s0cC
1000
1100
120¢
12¢C
149¢C
15a¢
l160C
1790
l1e0¢

6500

140¢C
170C
220¢C
2300
1000

0100

Lec

FETH

TEMPLALR)
TEMP(AIR)
TEMB(ALRY
TEMP(AIR)
TEMFLALR)
TEMP(AIR)
TEMP(AIR)
TEMP(AIR)
TEMPLAIR)
TEMF{AIR)
TEMP{AIR)
TEMP{AIR)
TEMPLAIR)
TEMPLAIR)
TEMP(AIR)
TEMPLALR)
TEMPLAIRY}
TEMP(ALRY
TEMPLALIR)
TEMPLALIR)
TEMP(AIR)
TEMP(AIR)
TEMP(AIR)
TEMP(AIR)
TEMPLAIR)
TEMPLAIR)

TEMP(AIR)

180
178
175
176
173
175
170
170
174
173
175
175
180
175
le4
172
175
178
182
18%
178
177

176

TEMP(GAS)
TEMPIGAS)
TEMPLGAS)
TEMP (GAS)
TEMPIGAS)
TEMP (GAS)
TEMP{GAS)
TEMP{GAS)
TEMP(GAS)
TEMP (GAS)
TEMP (GAS)
TEMP {GAS)
TEMP(CGAS)
TEMP (GAS)
TEMP{GAS)
TFMP [GAS)
TEMP {GAS)
TEMP(GAS]
TEMP(GAS)
TEMP (GAS)
TEMP[GAS)
TEMP {GAS)
TEMP LGAS)
TEMP{GAS)
TEMP {GAS)
TEMPLGAS)

TEMP (GAS)

308
310
311
313
303
06

04

a1l

310
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RLCURD TYPE

ALR HEATER
AlK HEATER
ALK HEATER
ATR HEATER
ATk HEATER
AlR HEATER
AIKR HEATER
ALlR HEATEK
Alk HEATER
Alk HEATER
ATk HEATEK
ALK HEATER
ALK HEATER
AVK HEATEK
Alk HEATEK
Alk HEATEF
ALK HEATER
AR HEATER
AR HEATER
ATk HEATER
ALK WEATER
AfR NEATEE
Alk HEATER
AIR HEATER
AIR HEATER
AIR HEATER

AIR HEATCH

TESY

ol
ot
al
329
al
né
Qo
06
06
06
14

13

CatTE

151171
151171
151111
151111
151171
161171
161171
le1l71
lel117l
161171
lell71
171111
171171y
17117
171171
171171
171171
171171
1711
181171
| R0 A1
181171
131171
181171
181171
181171

181171

TINFE

020¢C
2300
0400
€sce
GoQQ

200
cicc
0400
¢5¢Ce
0600
2300
ccac

05cce
0600
crco
0a0a
2100
0z2¢C
01CC
040C
0500
0600

07¢C

Lce

PETH

[N

o

TEMP{AIR)
TEMPLALR)
TEMP(ALIRY
TEMPLALR)
TEMPLAIR)
TEMPLAIR)
TEMPLALR)
TEMP{AIR)
TEMPLAIR)
TEMPLALIR)
TEMPLAIR)
TEMPLATIR)
TEMP(ATR)
TEMPLALR)
TEMP(AIR)
TEMP(AIR)
TEMP(ALIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMP(ALR)
TEMPLALIR)
TCMPLATIR)
TEMP{ALIR)
TEMP(AIR)
TEMP{AIR)

TEMP{AIR}

[

"

"

i

les
163
162
163
163
101
160

160

18l
175
165
147
lee
169
168

167

199

199

203
222

202

TEHP(GAS)
TEMPLGAS)
TEMPLGASY
TEMPIGAS)
TEMP (GAS)
TEMP{GAS)
TEMP (GAS)
TEMP(GAS)
TEMPIGAS)
TEMP(GAS)
TEMPLGAS)
TEMP{GAS )
TEMP{GAS)
TEMPICAS)
TUMP (GAS)
TEMP(CAS)
TEMP(GAS)
TEMP{GAS)
TIMP{CAS)
TEMP {GAS)
TEMP (GAS)
THMP {GAS)
TEMFLGAS)
TEMP (GAS )
TEMPLGAS)
TEMP{GAS)

TEMP{GAS)

"

"

"

31
314
13
308

322

305
300
301
302
25y
256
296
2517
300
2599
262

291

286
248
248

2¢en



88l

RECORD

AlR
AlR
AlR
AlIR
AlIR
AlR
AIR
AlR
AlIR
AJR
AJR
AlR
AIR
AIR
AlIR
AlR
AlR
AlR
AIR
AIR

AlR

AlR
AlR
AlR
AlR

AlR

HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATLEK
HEATER
HEATER
HEATER
HEATER
HLATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

HEATER

YYPE

TESTY

24
24
04
04
04
04
04
04
05
05
05
05
05
05
05
05
05
10

10

10
20

20

CATE

181171
191171
191171
151171
15111
151111
19111
191171
211171
2211
221111
2111
2511171
2211
221171
2111
22111
221
2311
2311171
231171
231111
231111
221111
231111
241171

241171

TIre

2300
0a4g0
0100
0230
0300
0400
05949
0e0C
2300
0C00
0100
0200
030¢
0400
0500
geoc
ara0
oGoc
olo0
0200
0200
0400
0500
060C
¢700
€000

alao

LiC

FETH

~NONON N

~

TEMPIAIR)
TEMPLALRY
TEMPLALIR)
TEMP{ALIR)
TEMPLALIR)
TENMP{ALIR)
TEMP(AIR)
TEMF{AIR)
TEMPLAIR)
TEMPLAIR)
TEMP(AIR)
TEMPLAIR)
TEMP{AIR}
TEMPLAIR)
TEMP(AIR)
TEMP{AIR)
TEMP(AIR)
TEMFLALIRY
TEMPIAIR)
TEMP(ALIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIRY}
TEMPIAIR)
TEMP(AIR)
TEMP(AIR)

TEMP(ALRY

155
146
154

l66

167
171
166
l67
167
165
16%
164
170
163
162
161
159
161
166
161
152
163
184

183

TEMP{GAS)
TEMP{GAS)
TEMP (GAS)
TEMPUGAS)
TEMPLGAS)
TEMP (GAS)
TEMP {GAS)
TEMP(GAS)
TEMP(GAS)
TEMP{GAS)
TEMP (GAS)
TEMP{GAS}
TEMP (GAS)
TEMPIGAS)
TEMP (GAS)
TEMP{GAS)
TEMP{GAS)
TEMP{GAS)
TEMP (GAS)
TEMP(GAS)
TEMP(GAS)
TEMP{GAS)
TEMP(GAS}
TEMP{GAS)
TEMP LGAS)
TEMP{GAS)

TEMP(GAS

3106

305

304
305

306
280
284
247
288

287

284
293
288
304
257
258
298
299
299

299

280

277



681

RECORD TYPE TEST CATE TIME LCC  PETH

AIR HEATER 20 241171 ©200 2 TEMPLALR) = 202 TVEMPUGAS} = 216
AlR HEATER 20 241111 0300 2 TEMP(AIR) = 197 TEMPIGAS) = 276
AIR HEATEK 20 241111 0400 2 TEMPLAIR) = 193 TEMPIGAS} = 217
AlF HEATEFR 20 441171 (€500 Z TEMPULALIR) = 196 TEMPIGAS) = 276
ATR HEATER 20 241111 0600 2 TEMPLAIR) = 196 TEMPIGAS) = 276
AIR HEATER 20 2411391 Q70C 2 TEMP(AIR) = 185 TEMP(GASY = 282
Alh HEATCR 02 301171 0000 2 TEM#PLAIR)} = 162 TEMP(GAS) = 295
AlR HEATER 02 301171 o100 2 TEMPLAIR) = 168 TEMP(GAS) = 257
AIR HEATER 02 301171 o0z200 2 TEMPIAIR) = 167  TEMPLGAS) = 299
AlR REATER 02 301171 0300 2 TEMPLALIR) = 167 TFMP{GAS) = 259
ALR HEATER a2 3011711 d«4Qo 2 TEMPLALR) = 172 TEMP(GAS) = 306
Alk HEATER 02 301171 €500 2 TEMPLAIR) = 169 TEMP(GAS) = 302
Alk HEATER 02 301171 0600 2 TEMP{AIR) = 168 TEMP(GAS) = 310
AlR HEATER 02 30117r  cICC 2 TEMP(AIR) = TEMP (GAS) = 302
Alk HEATER 03 301171 2300 2 TEMPLAIR) = 157 TEMP(GAS) = 291
Alr HEATER a3 011271 ¢Q0QC 2 TEMP(ALRY = 159 TEMP(GAS] - 298
AIK HEATER 03 011271 Qloc 2 TEMP(AIR) = 156  TEMP(GAS) = 291
AlR HEATER 03 0112711 o200 2 TEMFIALR) = 152 TEMPI(GAS) = 250
AIR HEATER 03 011271 030C 2 TEMP(AIR) = 158  TEMP(GAS) = 257
AIR HEATER 23 011271 040¢C 2 TEMP(ALIR) = 158 TEMEIGAS) = 268
ATR HEATER 03 gl1271 @500 2 TEME(ALRY = 162 TEHPLCGAS) = 299
AIR HEATFR 03 0112711 o060¢C 2 TEMP(ALIR) = 163 TEMPIGAS) = 299
AlK HEATER 03 0112711 oQ70C 2 TEMP(AIR) = 165 TEMP(GAS) = 256
AIR HEATER 17 011271 230¢C 2 TEMP(AIR) = 185 TEMP(GAS) = 257
AIR HEATER 17 021271 o000C 2 TEMP{AIR) = 177 TEMPIGAS) = 295
AIR HEATER 17 021271 010¢C 2 TEMPLAIR) = 159 TEMP(GAS) = 295

Al

»

HEATER 17 021271 020C 2 TEMP{AIR) = 156 TEMPI(GAS} = 254



06!

RECORU TYPE

AlIR
AlIR
AlR
AlR
AlR
AlIR
AlR
AIR
Alk
AlR
Alk
Alk
AlR
ALR
AlR
AIR
AlR
Alk
AlIR
Alk
ALR
AlR
AIR
AlLR
AIR
Alk

AIR

hEATER
HEATER
HEATEK
HEATER
HEATER
HEATEK
HEATER
HEATER
HEATLER
HEATER
HEATLF
HEATLE
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HLATER
HEATER
HEATER

HEATER

TEST

17
17
17
17
17
19
19
19
19
19
1y
19
19
19
19
19
21
21
21
21
21
21
21

CATE

02121
021271
021271
021271
021211
021271
021211
021211
031271
021271
onz2n
Q212
Q3211
a3iz2mn
0312171
031271
04120
041201
041271
041211
041211
g4l2171
0412171
041271
011271
ornzn

02171

TieC

0300
640¢
©500
060C
e70¢C
2100
220¢
230¢
0000
o10¢
0200
03ce
0400
0500
0e0¢
970C
0000
010C
0206
o3cc
0400
0500
060C
0700
2000
0100

0200

Lec

PETH

TEMPLAIR)
TEMFIAIR)
TEMPLATR)
TEMP(ATR)
YEMPC(AIR)
TEMPLAIR)
TEMP(AIR)

TEMPUAIR)

TEMPLALRY}

TEMPLATK)
TEMPLATR]
TEMP(AIR)
1EMp(ALR])
TEMPLALRY
TEMPLALIRY
TEMPLAIRY
TEMPLAIR)
TEMPLAIR)
TEMP(AIR)
TEMP{AIR}
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMPLAIR)
TEMPLALIR)
TEMPLAIR)

TEMP{AIR)

155
154
144
148
154
177
177
178
178
177

181

183
184
185
188
141
107
102
101
101

99
100

98
113
104

100

TEMP{GAS)
TEMELGAS)
TEMP(GAS)
TEMP (GAS)
TEMP{GAS)
TEMP {GAS)
TEMP (GAS)
TEMP{GAS)
TEMP (GAS)
TEMPIGAS)
TEMP (GAS)
TEMPLGASE
TEME(GAS)
TEMP(GAS Y
TEME {GAS )

TEMPLGAS)

TEMP LGAS)
TEMP LGAS)
TEMP{GAS)
TEMP (GAS)
TEMP{GAS)
TEMF (GAS)
TEMP {GAS)
TEMP (GAS)
TEMPLCAS)
TEMP (GAS)

TEMP(GAS)

28%
288
264
2806
284
291
286
28%
286
286
287
289
290
284
280
282
286
284
280
278
283
298
302

299



161

RECUKD TYPE

ALk HEATER
AlR HEATER
AR HEATER
AIK HEATER
AlK HEATEK
Alk HEATEP
AIR HEATER
AIR HEATEFR
AIR HEATER
AIR HEATER
ALR HEATER
AR REATEK
AlR HEATER
AIR HEATER
AIR HEATER
AIR HEATER
AIR HEATER
AIR HEATEK
AMBIENT
AMBIENT
AMBIENT
AMBIENT
AMBLENT
AMBIENT
AMBIENT
AMBIENT

AMBIENT

TEST

L4
14
1%
14
14
15
15
15
15
15
15
22
22
22
22
22
22
22
09
08
12
07
o1
06
18
13

04

CATE

crizn
ari211
t71271
071271
071271
€81271
0g1211
cela?1
oeletl
ca1271
Q81271
081211
ts1271
091271
051271
09127}
091271
051271

TIME

Q300
0400
0500
0e0C
Q700
cloc¢
0200
0300
04¢CC
0500
Qe0C
2300
0000
alec
0z0¢
030¢C
940C
0500

Lcc

VETFH

o ©

TEME(ALR)
TEMPLALIR)
TEMPLATIR)
TEMP(AIR)
TEMFLAIR)
TEMPLALIR)
TEMP(ALR)
TEMF(AIR)
TEMP(AIR)
TEMP{AIR)
TEMP(ALR)
TEMPLAIR)
TEFPLALIR)
TEMPLAIR)
TEMP(AIR)
TEMPIAIR)
TEMPLAIR)
TEMP(AIR)
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP

TEmMp

w

99
98
98
98
98
l68
166
164
166
les
168
167
1e9
le9
168
167
168
167
T8+6
86e2
8843
93.5
8949
9546
84e7
87a5

7841

TEMP(GAS)

TEMP (GAS)

TEMPIGAS )

TEMP (GAS)

TEMPLGAS)

TEMPLGAS)

TEMPIGAS)

TEMP(GAS)

TEMP{GAS)

TFMP {CAS)

TEMP (GAS)

TEMP{GAS)

TEMPLGAS)

TEMP(GAS)

TEMP LGAS)

TEMP{CAS}

TEMPIGAS)

TFMP(GAS)

REL
REL
REL
REL
REL
REL
REL
REL

REL

HUMID
HuMio
HUMID
HUMID
HUMID
HUMI D
HUMID
HUMID

HUMID

2817
297
257
268

293

303
304
304

305

PKESSURE
PRESSURE
PRESSURE
FRFSSURF
PRESSURF
PRESSURE
FRESSURE
PRFSSURF

PRESSURE

"

[

"

29492
29.44
294 80
29457
29, 86
29.85%5
29.76
29455

29473



6l

RECUKD TYPE

AMBIENT
AMBIENT
AMBLLNT
AMBLIENT
AMBYTENT
AMu It NT
AMBIFNT
AMBLENT
AMBIENT
AMEBIENT
AMUIENT
AMBTENT

ELECTRICAL

ELECTRICAL

LLECTRICAL

ELECTRICAL

ELECTRICAL

tLECTRICAL

LLECTRICAL

ELECTRICAL

ELECTRICAL

ELELTRICAL

TEST

05
10
20
02
23
17
19
21
14
15

11

J9

08

12

o7

[¢1)

01

18

13

TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEPP
Trep
TEMP
TEVP
TEMP
Tewp

PULV 1
Fo De FAN

PULV 1
Fo De FAN

PULV 1
Fa Do FAN

PULV 1
Fe Da FAN

PULV 1
Fe De FaN

PULY 1
Feo De FAN

PLLV 1
fa Do FAN

PULY 1
Fe Ce FAN

PULV 1
Fe Do FAN

PULV 1
Fe e FAN

o uon (] (] (O] o

non

o

oo

now

(]

10.9
6948
70.0
T7e5
T4a5
67.0
7049
73.5
Tl.3
76,0
7240
€le0

6740
inl.2

6449
Ghe 8

6849
102.0

71.0
9942

60,1
801

REL HUMID
REL hUMID
RFL FUMID
REL HUMID
REL HUMIL
REL HUMID
REL bUMID
REL HUMID
REL FUMID
RTL HUMID
REL HUMID
RFL FUMID

PuLY 2
Fe I'a FAN

PULY 2
o 'e FAN

PULY 2
Fo e FAN

PULY 2
Fo [ F&N

PULV 2
Fo De TAN

PULYV 2
Fe Da FAN

PULV 2
Fe [a FAN

PULY 2
Fe De FAN

PULY 2
fFe De FAN

PULY 2
Fe Ue FAN

~

"ow

"o non Hon "o "o W [ W

o4l

0Te4
102.2

G440
101a8

68e9
108.4

GBRe3
9C.9

67,6
10344

Tle6
106.8

61a5
9363

563
B4e5

U0.0
8Co1

PRESSURF
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRFSSURF
PKFSSURF
FRESSURFE
FRFSSYRF
PRESSURE
PPESSURF
CEISSURE

PULY 3
Ia De FaAN

Putv 3
To Do FAN

PLLY 3
Ts Cu EAN
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RECOKD TYPE TEST CaTE TIME LLC METH

ELECTRICAL 05 PULV 1 = 6040 PULV 2 = 6003 PULV 3 = 00.0 PULV 4 = 00.0
Fo Do FAN 1 = 8848 Fo Le FAN 2 = 9741 Ie Do FAN 1 = 1109 fo fa FAN 2 = 95,6

ELECTRICAL 10 PULV 1 = b4,6 PULV 2 = 6844 PULV 2 = 00,0 PULV 4 = 2040
Fe Ue FAN 1 = 100.0 Fo Ue FAN 2 = 1100 s Do FAN 1 = 1900 1o e FAN 2 = 13741

ELECTRICAL 20 PULV 1 = Rle4 PULV 2 = 67.5 PULLV 3 = de i PULV 4 = bef
Fo Ue FAN 1 = 8949 Fo (e FAN 2 = 9443 o Ny FAN 1 5 B8la4 Ta fa FAN 2 = 62,9

CLECTRICAL a2z fULY ) = 5947 PULVY 2 = bh4gh PLLV 3 = 980 PULV 4 = 57.&
Fo Do FAN 1 = 60,0 Fo Do FAN 2 = 9543 fo Do FAN 1 = 125.9 Ta De FAN 2 = 110.0

CLECTRICAL a3 PULY ] = 58,0 PULV 2 = 60.6 PULV 3 = 6043 PULV 4 = 62,0
Fo Do FAN 1 = 85,0 Fo (¢ FAN 2 = 10€e4 le Do FAN 1 = 12040 1e L FAN 2 = 1100

ELECTRICAL 17 PuLV 1 = 00,0 PULV 2 = 5640 FULV 3 = 5841 PULLV 4 = 57.0
Fe Do FAN 1 = 7403 Fo Do FAN 2 = J7e4 lo De FAN 1 = 9604 1a Ce FAN 2 = T6.4

LLECTRICAL 19 PULV 1 = 00.0 PULV 2 = 5649 PLLV 3 = 54348 PULV 4 = 57e7
Fe Do FAN 1 = 8343 Fu Do FAN 2 = 5848 T Da FAN L = Y244 Ta [s FAN 2 = 7846

ELECTRICAL 21 PULV 1 = 698 PULV 2 = 6Cs3 PLLV 3 = 030 PULV & = 0.0
Fo Do FAN 1 = TbeB Fo Do FAN 2 = TTel 1a De FAN L = TTe2 1, Co FAN 2 = 5048

ELECTRICAL 14 PULV 1 = 00,0 PULV 2 = 57.0 FPULV 3 = 55,3 PULV 4 = 56,1
Fo Do FAN 1 = T840 Fo e FAN 2 = 757 1o De FAN 1 = G3,35 14 [ FAN 2 = 31,44

ELECTRICAL 15 PULY 1 = 00.0 PULV 2 = 5€,1 FULV 3 = 5742 PULV 4 = 5S6et
Fo Do FAN 1 = 797 Fo ['e FAN 2 = 8442 lo Da FAN 1 = 7840 14 Do FAN 2 = 5740

ELECTRICAL 22 PULYV 1 = 5946 PULV 2 = 56,9 PULV 3 = 977 PULV & = 5¢el
Fe Do FAN 1 = B642 Fa La FAN 2 = 9445 14 Do FAN 1 = 10746 14 Py FAN 2 = 9S641

CONDITIONS 11 STEAM FLCW = 78640

CONDITIONS c9 STEAM FLUW = 1B7.4

CONDITIUNS L] STEAM FLCw = 789.8

CCNDITIONS 12 STEAM FLOW = 76le9

CONDITIONS or STEAM FLOW = 794.0

CONDITIONS 6 STEAM FLOW = 80141

CONDITIONS 01 STEAM FLOW = 799.0

CONDITIONS 13 STEAM FLLW = d03.1

CONDITIONS 13 STEAM FLUW = 804e8

CONDITIONS 04 STEAM FLCW = B0beS

CUNDITIONS 05 STEAM FLOW = 81041
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APPENDIX D

STUDIES OF THE CHEMICAL STATE
OF SULFUR ADSORBED ON SURFACES OF FLY ASH

DISCUSSION OF RESULTS OF PHOTOELECTRON SPECTRA OF ADSORBED SULFUR

The photoelectron spectrum of sulfur has two intense peaks which allow
easy identification of the element. These arise from electrons being
ejected from the 2p and 2s levels; they are referred to as the "S2p" and
"S2s" peaks in spectra. Both peaks were found for the fly ash samples.
Thus, there is not question that sulfur is present in high concentrations
on the surfaces of all the specimens. The S2p peak is the more intense,
allowing good statistics. Long counts were takne for this peak in order
to get accurate binding energy measurements of electrons in the S2p state.
It has been shown that chemical states of elements can be deduced from

binding energy measurements. 1,2

Figures D1-D10 show the 2p spectra of sulfur adsorbed on the specimens
submitted. Figures D4-D10 include also a peak due to the ejection of
electrons from the 2s electron level of silicon. The second peak in
Figures D3-D10 will be called the Si 2s peak. The Si 2s peaks were
measured simultaneously with the S2p peaks because it was convenient

to do so at the spectrometer settings used. For all spectra shown in
the report, the upper scale on the abscissa indicates binding energy.
The lower scale indicates kinetic energy. The relationship between the

two scales is:
KINETIC ENERGY = 1487 ev - BINDING ENERGY

This relationship is discussed more thoroughly in attached references. ’

Figures D11 and D12 show S2p spectra of sulfur in KZSO4 and CsSO4, used

as standards.

The first columm of Table D1 lists binding energies measured from the
peaks in Figures D1-D10. The second column lists binding energies of
standard compounds K2804, CaSOa, FeSOa, Fe(504)3, s°, NaZS. The binding
energies for KZSO4 and CaSO4 were measured in this laboratory. The rest
were taken from literature.l It is seen that the binding energy of sulfur
and the fly ash samples is too high to correspond to any valence state
lower that +6. Also, there is a closer match to the binding energies of

sulfates of polyvalent cations than to monovalent cations.
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TABLE DI

FLY ASH 52p BINDING STANDARDS 52p BINDING
SAMPLE NO. ENERGY, ev ENERGY, ev
203.-2 168.6 CaS04 168.6
206-2 168.1 FeSO, 168.0
206-3 169.0 Fes(S04) 4 168.3
203-3 168.5 K250, 167.3
211-2 168.5 NaxS04 165.8
211-3 168.2 S 16L,.3
216-23A-313 168.8 NasS 160.8
216-2A-2B 168.7

221-3 168.8

221.2 168.8
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DISCUSSION OF THE RESULTS OF SURFACE AREA MEASUREMENTS AND TOTAL SULFUR
CONCENTRATION

The second column of Table D2 lists the surface areas (meters/gram)
measured for each of the fly ash samples. The technique for measurement
involved the adsorption of Krypton, using the theory of Brunauer, Emmett
and Teller (BET) for interpreting the results. The second column lists
the total concentration of sulfur (weight percent) for each sample. For
this analysis, a weighed portion of the specimen was decomposed in a bomb
with sodium metal. The HZS produced was vented from the bomb, trapped,
and measured titrimetrically.

The data in columns 2 and 3 of Table D2 were used to estimate the maximum
degree to which the fly ash surfaces could be covered with absorbed sulfur
compounds. To do this, it was assumed that the sulfur was entirely segre-
gated at the surface and that it was in the form of calcium sulfate. For
calc1um sulfate the crystallographlc unit cell dimensions are approximately
6.1 A x 6.9 A x 6.9 A. Each unit cell contains four molecules of CaSOA.
With these assumptions, and the total sulfur concentration data, one can
calculate the volume of CaSO4 that would coat each specimen. Dividing

by the respective surface areas, the average thickness of the surface
layers is obtained. It will be assumed that a "monomolecular layer is
one unit cell length in thickness, about 6.5 A (average of 6.1 A and 6.9 A)

Dividing by this thickness, the surface coverages in monolayers are obtained.

They are listed. in column 4 of Table D2,

Thicknesses as great as those in Table D2 would cause the fly ash speci-
mens to behave as if they were pure CaSOA; and it appears that this is
the case. If a comparison of the intensities (above background) for the
S2p peaks of the fly ash specimens to those of the CaSO4 and K2804 .
standards is made, it is found that they are approximately the same.
Because photoelectrons have a limited escape depth from solids, this
technique is able to examine only very thin surface layers of specimens.
The calculated thicknesses in Table D2 are, in most cases, greater than

the escape depth.

*
In comparing peak intensities, corrections must be made for changes in

x-ray tube power. Some specimens were run at a power 507 lower than that
used for the other specimens: 221-2, 216, 2A-2B; 216, 3A-3B; 221-3, CaSOQ.
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FLY ASH
SAMPLE

221-2
221-3
216-2A-28
216-3A-3B
206-3
211-3
203-3
211-2
206-2
203-2

TABLE D2

BET SURFACE

AREA, M°/em

1.94
1.63
0.k2
1.39
0.70
1.50
1.49
2.12
0.65
2.80

211

TOTAL CONC.
SULFUR, %

0.58
1.0k
0.78
1.52
0.80
0.52
1.67
0.55
0.615
2.18

THICKNESS OF
COVERAGE,
MONOLAYERS

6
13
29
23
2L

7
23

5
20
18



The calculated surface thickness in Table D2 is thus consistent with

the assumption that almost all of the sulfate of the specimens is con-
centrated at the surface. The magnitude of the S2p peaks support this
also. If the sulfate had been dispersed homogeneously in the solid phase,

the photoelectron peaks would have been 20-40 times less intense.
OBSERVATIONS OF SILICON PEAKS

In Figures D4-D10, the Si 2S peak is presented along with the S2p peaks.

In figures D13-D14 Si 2p peaks for two of the fly ash specimens are

shown. The broadening of the silicon peaks toward lower binding energies
suggests that there may be more than one chemical state present. The
binding energy of the maximum of the peak corresponds to silicon as
silicates or as SiOz, but there .may be lower oxidation states (silicon
carbide?). The broadening could also be due to silicon being present

in several types of glass phases. A firm statement cannot be made at

this time about whether or not silicon is present in more than one chemical
state, Further study is necessary to be sure that photoelectron peaks

or Auger peaksl from other elements are not causing the broadening of

the silicon peaks.

EXAMINATION OF FLY ASH SAMPLE NO. 203-2 BY INFRARED SPECTROSCOPY

Experiments were performed to establish the feasibility of obtaining
information regarding the composition and nature of fly ash by a direct
measurement of the infrared absorption spectrum. Sample No. 203-2 was
nulled with nujol and spread on a AgBr window. The spectrum of this
sample was measured with a Perkin-Elmer model 621 spectrophotometer and
with a Digilab F1S5-20 Fourier transform spectrophotometer. The results
are shown in Figure D15. Spectrum A was recorded on the 621, and spectrum

B was recorded using the FIS-20 system.

1 1

The absorption bands in the 450 cm —, 600 cmfl, and 1000-1200 cm ,
regions are due to 8042_ ion vibrations. The bands at 675, 730, 780,

and 795 cm-l may be due to C032— ion vibrations; a few additional experi-
ments could confirm this assignment. These measurements show that infra-

red spectral studies with fly ash samples can provide rapid qualitatdive
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answers as to composition. With some simple procedures in sample
treatment, Raman spectroscopy could be applied as well in providing

additional information.
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