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ABSTRACT

This is a final report on a test program to evaluate the long-term
effectiveness of combustion modifications on industrial boilers. During
previous programs short-term tests have been performed on industrial boilers
to determine the effect of combustion modifications on air pollutant emis-
sions such as NOx, SOx, CO, HC, and particulate. The objective of this pro-
gram was to determine whether the combustion modification techniques which
were effective for short-duration tests are feasible for a longer period.
This report presents results of a 30-day field test of a 38.1 MW output
(130,000 1lb steam/hr) coal-fired spreader stoker. The NOx control technology
employed on this unit was low excess air and staged combustion aixr. The
results indicate that low excess air firing is an effective long-term NOx
control technique for spreader stokers, while the use of staged combustion
air by overfire air adjustment is not. The as-found concentration of NOx

was 240 ng/J (409 ppm at 3% O,, dry) with the boiler load at 80% of design

21
capacity. Firing in the low excess air modes resulted in a reduction of
approximately 19% from the as-found condition. Low excess air firing also
resulted in an increase in efficiency of approximately 1.2%, and also a

decrease in particulates of about 22%.
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SECTION 1.0

SUMMARY

1.1 OBJECTIVE AND SCOPE

The objective of this field test was to determine whether combustion
modification techniques which demonstrated reductions on air pollutant emis-
sion during short-term tests are feasible for longer periods. In addition,
boiler performance and reliability were monitored. The combustion modifica-
tions have previously been shown to be effective on industrial boilers

{Refs. 1, 2, 3).

The program scope provides for 30-day field tests of a total of seven
industrial boilers with design capacities ranging from 14.65 to 73.25 MW
output (50,000 to 250,000 1lb steam/hr). TFuels to be burned include natural
gas, light oil, residual oil, and coal. This final report is for a 38.1 MW
output (130,000 1lb steam/hr) coal fired stoker using low excess air (LEA) and
staged combustion air (SCA) by means of overfire air adjustments as the emission

control technology.

During the test period, continuous monitor certification tests were
performed concurrently with low NOx testing. Emissions measured were
particulate, NO, C02, and 02. Boiler efficiency was measured several times
during the program to determine the effect of combustion modification on

boiler efficiency.

This is a final report on the 30-day test which documents the test
equipment, summarizes the test data, and discusses the data in relation to

the contreol technology employed for this type of boiler.

1 KVB11-6015-1225



1.2 RESULTS

A coal stoker using LEA as the control technology was selected for
this field test. A survey of previous tests on coal-fired boilers was con-
ducted to determine if a boiler was available which would provide low-NOx
operation using the desired NOx control technology. Included in the survey
were boilers tested under previous EPA programs (Refs. 1, 2, and 3) as well
as current programs. It was desirable to select a unit which had been tested
previously in order to know its capability for low—NOx operation, minimize

set-up time, and eliminate the need for extensive modification testing.

The boiler tested at Site 4 was selected on the basis that previous
testing had been performed by KVB and the unit had shown a capability of
operating under 1ow-NOx conditions. Although the boiler selected for testing
was built in 1960 it is representative of the majority of coal-fired industrial
boilers sold today. During a previous EPA-sponsored program (Ref. 1) a boiler
survey and analysis was performed to determine the population and distribution
of coal-fired industrial sized boilers. This study showed that spreader
stokers account nationally for about 50% of the units sold during the nine-year
period from 1965 to 1964, followed by 20% for other types of coal firing, 13%

for overfed stokers, 9% for pulverized, and 7% for underfed stokers.

After selection of the test site, a continuous monitor was shipped to
the site and installed. The next task was to perform the certification tests
as outlined in Performance Specification 2 and 3, 40 CFR60, Appendix B

(Appendix D of this document).

Following the monitor certification, the 30-day field test was con-
ducted. The test was performed according to "Plan for Performing Source
Evaluation Tests in Support of NSPS for Industrial Boilers." Emissions of NO,

C02, and O

in triplicate at the start and conclusion of the test period. In addition,

5 were monitored continuously. Particulate measurements were made
triplicate particulate measurements were made in the as-found condition.

Measurements of polycyclic organic matter were made in both the modified and

unmodified conditions.
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The results of the 30-day test are discussed in detail in Section 3.0.
A summary of the 24-hour averages of gaseous emissions is presented in Table
1-1. The data presented in this table were recorded by a technician on an
hourly basis each day and are in addition to the continuous strip chart
recordings. An analysis of the field test data was prepared. A log-probability
plot of 24-hour averages is presented in Figure 1-1. The mean value for the
NO is 211 ng/J with a geometric dispersion of 1.06. The NO emissions were

less than 245 ng/J 99% of the time.
1.3 CONCLUSIONS

Based on the results of this 30-day field test, several important

conclusions can be drawn:

l. LEA is an effective NOx control technology for coal-fired spreader
stokers. The LEA condition was maintained for 30 days with an average
NO emission level of 211 ng/J (360 ppm @ 3% 0, dry) with the boiler
load at 22.3 MW thermal output (76,000 lb steam/hour). At the same
load the baseline NO emissions are 229 ng/J (390 ppm). At a boiler
load of 27.5 MW output (94,000 lb steam/hx) the NO emissions were

240 ng/J (409 ppm @ 3% 02, dry) in the LEA condition.

2. Staged combustion air had virtually no effect on NO emissions in this
coal-fired spreader stoker. Extensive variant overfire air biasing

modes were implemented but produced little change in the NO emissions.

3. Boiler operation in the LEA mode presented no reliability of func-
tional problems. The LEA mode can be maintained for extended periods
provided adequate instrumentation and display are provided. An

indoctrination and training period for operators is recommeded.

4. Operation of the boiler in the LEA mode resulted in 22% lower particu-
late emissions than for normal operation. Normal operation produced
626 ng/J (1l.46 lb/106 Btu) of particulate emissions. Operation in the
LEA mode resulted in average particulate emissions of 491 ng/J (l.14
lb/lO6 Btu). Additional testing would be required to optimize the

boiler for both Nox and particulate emissions and efficiency.
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The continuous monitor system utilizing an extractive sample system
provided accurate, reliabile data for the entire 30-day test period.
Daily calibration of instruments is necessary as is maintenance cn
the sample system. Probe plugging is a problem which requires

periodic inspection and maintenance with coal-fired units.

It is extremely unusual for an industrial boiler to operate at a
constant load condition. Any effective control technology must be

capable of operation over fairly large load changes.

Stokers may decrease both MO and particulate emissions at the same
time while also increasing boiler efficiency by operating with low

excess air.
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SECTION 2.0

INSTRUMENTATION AND PROCEDURES

This section presents a description of the instrumentation used to
measure the gaseous and particulate emissions, the test procedures, and
techniques for certifying the continuous monitor and a description of the

boiler tested.

2.1 EMISSIONS MEASUREMENT INSTRUMENTATION

The emissions measurements were made using a continuous monitor
fabricated by KVB for this program. The analytical instrumentation and
sample handling egquipment are contained in a cabinet 1.2 m wide x 0.76 m deep
x 183 m high (48"W x 30"D x 72"H). A photograph of the continucus monitor is
shown in Figure 2-1. Gaseocus emission measurements were made with the

analytical instruments listed in Table 2-1.

Total particulate measurements were made using an EPA Method 5
sampling train manufactured by Western Precipitation Division of Joy
Manufacturing Company. Samples for measurement of polycyclic organic matter
(POM) were obtained using an XAD-2 module supplied by Battelle Columbus
Laboratories. These modules were returned to Battelle for analysis following

the test.

2.1.1 Gaseous Emissions

The continuous monitor is equipped with analytical instruments to
measure concentrations of NO, CO, C02, and 02. The sample gas is delivered to
the analyzers at the proper condition and flow rate through the sampling and
conditioning system shown schematically in Fiqure 2-2. A probe with a
O.7-micrometer sintered stainless steel filter was installed in the stack to

7 KVBl1-6015-1225
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Figure 2-1. Photograph of KVB continuous monitor for measuring
gaseous emissions.
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TABLE 2-1. ANALYTICAL INSTRUMENTATION
Measurement
Emission Species Manufacturer Method Model No.
Nitrogen Oxides Thermo Electron Chemiluminescent 10a
Oxygen Beckman Instrument Polarographic 742
Carbon Dioxide Horiba Instrument NDIR PIR-2000
Carbon Monoxide Horiba Instrument NDIR PIR-2000
Opacity Dynatron Transmissometer 1100

KVB1l1l-6015-1225
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sample the flue gas. The following paragraphs describe the analytical

instrumentation.
A Nitrogen Oxides--

The oxides of nitrogen monitoring instrument used was a Thermo Elec-
tron chemiluminescent nitric oxide analyzer. The operational basis of the
instrument is the chemiluminescent reaction of NO and O3 to form NO2 in an
excited state. Light emission results when excited NO2 molecules revert to
their ground state. The resulting chemiluminescence is monitored through an
optical filter by a high sensitivity photamultiplier tube, the output of
which is electronically processed so it 1s linearly proportional to the NO

concentration.

Air for the ozonator is drawn from ambient through an air dryer and a
10-micrometer filter element. Flow control for the instrument i1s accomplished
by means of a small bellows pump mounted on the vent of the instrument down-

stream of a separator which insures that no water collects in the pump.

The basic analyzer is sensitive only to NO molecules. To measure NOx
(i.e., NO + NOZ)' the NO2 is first converted to NO. This is accomplished by
a converter which is included with the analyzer., The conversion occurs as the
gas passes through a thermally insulated, resistance heated, stainless steel
coil. With the application of heat, NO2 molecules in the sample gas are
reduced to NO molecules, and the analyzer then reads NOx. NO2 is obtained by
the difference in readings obtained with and without the converter in

operation.

Specifications

Accuracy: 1% of full scale

+

Span drift: 1% of full scale in 24 hours

Zero drift: = 1 ppm in 24 hours

Power Requirements: 115 % 10V, 60 Hz, 1000 watts

Response: 90% of F.S. in 1 sec (NOx mode); 0.7 sec (NO mode)
Output: 4-20 ma

Sensitivity: 0.5 ppm

11 KVB11-6015-1225



Linearity: = 1% of full scale
Vacuum detector operation

Range: 2.5, 10,25, 100, 250, 1000, 2500, 20,000 ppm F.S.

Only the NO concentration was measured during this program. Because
of the added complexity of heated sample lines and controllers necessary for
measuring NO2 and the small percentage of NO2 in the flue gas, based on pre-
vious tests (Ref. 1, 2 and 3) EPA decided that only NO measurement was
necessary. Therefore, an unheated sample line was installed, and the

moisture was removed from the sample gas by a dropout flask and a refrigerated

condenser.
B. Carbon Monoxide and Carbon Dioxide--

Carbon monoxide (CO)} and carbon dioxide (COZ) concentrations were
measured by Horiba Instruments PTI-2000 short-path-length nondispersive
infrared analyzers. These instruments measure the differential in infrared
energy absorbed from energy beams passed through a reference cell (containing
a gas selected to have minimal absorption of infrared energy in the wave
length absorbed by the gas component of interest) and a sample cell through
which the sample gas flows continuously. The differential absorption %ppears
as a reading on a scale of zero to 100% and is then related to the concentra-
tion of the species of interest by calibration curves supplied with the
instrument. A linearizer was supplied with the CO analyzer to provide a
linear output over the range of interest. The operating ranges for the CO
analyzer are zero to 500, zero to 1000, and zero to 20C0 ppm, and the ranges

for the CO2 analyzer are zero to 5, zero to 10, and zero to 20%.

Specifications

Accuracy: 1% of full scale

Repeatability: % 0.5% of full scale

Zero drift: * 1% of full scale in 24 hours
Span drift: % 1% of full scale in 24 hours

Response time: selectable - 90% of full scale in 0.5, 1.2, 3, or
5 seconds

12 KVB11-6015-1225



Power Reguirements: 115 VAC * 10%, 60 Hz
Warm up time: 30 minutes

Output: 0-10 MV

C. Oxygen--

A Beckman Model 742 oxygen analyzer was used to continuously deter-
mine the oxygen content of the flue gas sample. The oxygen measuring element
contains a silver anode and gold cathode that are protected from the sample
by a thin membrane of Teflon. An agqueous KCL solution is retained in the
sensor by the membrane and serves as an electrolytic agent. As Teflon is
permeable to gasses,oxygen will diffuse from the sample to the cathode in the

following oxidation-reduction reaction:

Cathode reaction: O2 + 2H20 + 4e - 40H

Anode reaction: 4Ag + 4Cl > 4AgCl + 4e

With an applied potential between the cathode and anode, oxygen will
be reduced at the cathode causing a current to flow. The magnitude of this
current is proportional to the partial pressure of oxygen present in the
sample. The instrument has operating ranges of zero to 1%, zerxo to 10%, and

zero to 25% oxygen.

Specifications

Accuracy: % 1% of full scale or * 0.05% O_ whichever is greater

2
Sensor stability: * 1% of full scale per 24 hours
Response time: 90% in 20 seconds

Output: 0-10 MV

Power requirement: 120 1 10 VAC, 60 Hz

2.1.2 Particulate Emissions

Particulate samples were taken from two ports on the side of the duct
located 90° from the gaseous emission sample port. The samples were taken
using a Joy Manufacturing Company portable effluent sampler. This system,
which meets the EPA design specifications for Test Method 5 (Determination of
Particulate Emissions from Stationary Sources, Federal Register, Volume 42,
No. 160, page 41754, August 18, 1977) is used to perform both the initial

velocity traverse and the particulate sample collection. Dry particulates

KVB11-6015-1225
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are collected in a heated case that contains, first, a cyclone to separate
particles larger than 5 micrometers and, second, a 100-mm glass-fiber filter
for retention of particles down to 0.3 micrometers. Condensible particulates

are collected in a train of four Greenburg-Smith impingers in a chilled water
bath.

2.1.3 Polycyclic Organic Matter {POM) Emissions

Particulate and gaseous samples for analysis of polycyclic organic
matter were taken at the sample port used for Method 5 particulate tests. The
sampling system is a modified Method 5 sampling train developed by Battelle
Columbus Laboratories. A combination of conventional filtration with collec-
tion of organic vapors by means of a high surface area polymeric adsorbent
{XaD-2) proved highly efficient for collection of zl1 but the mere volatile
organic species. The modified sampling system consists of the standard EPA
train with the adsorbent sampler (Figure 2-3) located between the filter and
the impingers. With this system filterable particulate can be determined from
the filter catch and the probe wash according to Method 5, whereas the organic
materials present can be determined from the analysis of the filterable
particulate and the adsorbent sampler catch. The impingers are only used to

cocl the stream and protect the dry-gas meter, and their contents are
discarded.

2.1.4 Opacity Measurement

Stack opacity was measured with a Dynatron Model 1100 Opacity
Monitoring System. The Model 1100 opacity monitor is a double pass trans-
missometer which measures the light transmittance through a flue gas. The
transceiver unit contains the light source, the detector, and electronic
circuitry. A reflector is mounted in the end of a slotted probe which is
attached to the transceiver and is inserted into a stack or duct through a
conventional stack sampling port. The probe causes negligible flow disturb-
ance, and an air purge keeps the optical window and reflector clean. The
transceiver output is transmitted to a portable control unit which displays
either opacity or optical density automatically correlated from differences
between the path length of the transmissometer and the mean diameter of the

stack out.

14 KVB11-6015-1225
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Specifications

Peak spectral response: 500-600 nm
Mean spectral response: 500~600 nm
Relative response: < 10%

Angle of view: < 4°

Angle of projection: < 2°
Calibration error: < 2%

Response time: 1 second

Zero drift: < 1% (24 hrs)
Calibration drift: < 1% (24 hrs)
Operational test period: 168 hours
Output: O0-1 VDC

Power regquirements: 115 VAC/60 Hz
Temperature range: 40° F to 125° F
Weight: 27 lbs {approx.)

The transceiver lenses are cleaned daily, and an air purge is used to

keep the lenses free of dirt while inserted in the stack.

2.2 BOILER DESCRIPTION AND CHARACTERISTICS

2.2.1 Boiler Description

The boiler is of the two-drum Stirling type built by Babcock and
Wilcox in 19260. The boiler nameplate rating is 20.2 kg/s (160,000 lb/hr)
steam flow. The unit is fired by six spreader stoker feeders supplied by the
Detroit Stoker Company (described i1n paragraph 2.2.2). The stoker is
equipped with a front-end discharge traveling grate. Figure 2-4 shows the

boiler layout and elevation.

The boiler is balanced draft; combustion air is supplied from under-
neath the grate by a forced-draft fan. The undergrate air plenum is divided
into two sections which are adjustable with an air damper. Grate combustion
air can be biased left to right across the stoker. The negative draft of the

furnace is supplied by an induced-draft fan located between the air preheater

and smoke stack.

16 KVBL1-6015-1225
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The boiler has an economizer and a pendant-type superheater. Combus-
tion air is preheated by a tubular-type air preheater located between the
induced-draft fan and the dust collector. The air preheater was previously
found to be defective during testing by KVB (Ref. 1). The defect caused a
fraction of the incoming air to be short circuited through the air heater and

out the stack.

Fly ash is removed with a Western Precipitator Multiclone dust
collector. This mechanical type cyclone dust collector is located between the
economizer and the air heater. The steam produced is superheated and used
both for electrical power generation and for direct heating. The following

data apply to this unit:

Based on 27.9 MJ/kg (12,000 Btu/lb) southern Illinois coal (Apral,
1961):

Maximum continuous steam output, 20.2 kg/s (160,000 lb/hr)
. Efficiency (thermal), 87.78%

Based on 19.2 MJ/kg (8,240 Btu/lb) Montana coal December, 1972):

. Maximum continuous steam output, 16.4 kg/s (130,000 lb/hr)
Efficiency (thermal), 82.63%

Steam conditicons at superheater outlet:

T
out

. P

672K (750° F)
2.9 MPa (425 psig)

. Design pressure = 6.8 MPa (1000 psig)

Heating surfaces:

. Boiler heat transfer area = 1.316 x 103m2 (14,168 ft.z)
. Water wall = 2.0 x 102m2 (2,158 ft.z)
Superheater, primary = 3.5 x lozm2 (3,778 ft.z)
2 2 2

Superheater, secondary = 1.61 x 10 m~ (1,731 ft.)
2
Economizer = 3.95 x 102m (4,250 ft.z)

Air heater = 1.21 x 103m2 {13,030 ft.2)
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2.2.2 Stoker Description

The Site 4 boiler is fired by a Detroit Stoker Company Rotograte
spreader stoker. Fiqure 2-4 includes a side view of the stoker. This stoker
is fired by six individual feeders. Raw coal leaves the bunker and is
weighed by two coal scales as the coal is divided into left and right feed
streams. After the coal scales, the coal enters the left and right coal

distributors. Each distributor supplies raw coal to three feeders.

Each feeder can be independently adjusted to distribute coal on the
grate. Three mechanisms give this control. The first is a spill plate
adjustment which requlates the point at which coal is dropped onto the
rotating paddle wheel. Second, the length of stroke of the feed plate which
pushes the coal over the spill plate may be adjusted. The last mechanism is
the rotor speed. Additionally, the fuel bed thickness may be controlled by

the speed of the traveling grate.

2.2.3 Daily Test Actavity

This section describes the daily test activity at Site 4 followaing
the monitor certification tests. The schedule of monitor certification test
events is presented in paragraph 3.1. A schedule of daily events is

presented in Table 2-2,

The data from the gaseous analyzers (NO, CO, C02, and 02) were con-—
tinuously recorded on strip chart recorders. Boiler control room data {(steam
flow, pressure, etc.) were recorded eight times daily by the KVB technician.
Plant operating personnel recorded the data on an hourly basis. The gaseous
emissions data were recorded only during an eight-hour shift, but the strip
chart recorders recorded the data 24 hours per day, 7 days per week, along
with an automatic data-logger. No contrcl rocm data were recorded during the
week-ends; however, the technician calibrated the instruments during the

week-ends.

Daily tasks consisted of (1) calibration and recording data, (2) con-
sultation with operators to assure operation in the low-NOx mode, (3) peri-
odic maintenance of instruments and sample system, (4) visual inspection and
troubleshooting of the sampling system and instrumentation console, and (5)

procuring supplies and equipment for the particulate and Method 7 tests.
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TABLE 2-2. SCHEDULE OF DAILY EVENTS - SITE 4

Time Event

0800 Calibrate (zero and span} gaseous
analyzers (NO, C02, CO, and 02).
Record gaseous emissions data. Record
boiler control room data. Consult with

operators concerning boiler operation.

0845 Calibrate opacity monitor.

0900 Perform daily systems checkout.

1000 Calibrate and record gaseous emissions
data.

1200 Calibrate and record gaseous emissions

data. Record control room data.

1400 Calibrate and record gaseous enissions
data.
1600 Calibrate and record gaseous emissions

data. Record control room data.

1700 Calibrate analyzers prior to departing
plant. Perform visual check of sampling
systems and boiler operation. Leave

instructions with operators.
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SECTION 3.0

TEST RESULTS

This section summarizes the emission and efficiency data collected on
the coal-fired spreader stoker boiler. The boiler was tested in the as-found
condition initially and for 30 days in the low-NOx condition. The tests were
conducted with western coal as the fuel. The results presented herein
summarize the gaseous and particulate emissions data, efficiency, and
conclusions for the boiler operating under low NOx conditions for extended

duration.

3.1 CONTINUOUS MONITOR CERTIFICATION TESTS

The continuous monitor described in the previous section was used to
measure the boiler gaseous emissions. Following shipment to the test site,
the monitoring system was installed and certification tests performed in
accordance with Performance Specifications 2 (PS2) and 3 (PS3), 40 CFR 60.
Appendix B (Appendix D in this document) establishes minimum performance
specifications that the NO monitoring system must meet in terms of eight
parameters: accuracy, calibration error, two- and 24-hour zero drifts, two-

and 24-hour calibration drifts, response time, and operational period.

The continuous monitor system was installed and instruments were
initially calibrated on August 8, 1979. The following day the monitor
performance certification began. A daily event schedule for the certification

tests is presented in Table 3-1.

The performance of the continuous monitor is summarized in Table 3-2.
Also shown in the table are the monitor specifications extracted from PS2 and
PS3. Tables C-1 through C-18, Appendix C, show the performance of each of

the analyzers for the certification tests.
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TABLE 3-1.

SITE 4, COAL-FIRED SPREADER STOKER

SCHEDULE OF CERTIFICATION TEST EVENTS

Date Time Event
8/8/79 1500 Calibration error determination
8/9/79 0900 Initial 24-hour zero and span reading
Initial 2-hour zero and span reading
8/9/79 1100 lst 2-hour zero and span drift poant
8/9/79 1300 2nd 2-hour zero and span drift poant
8/9/79 1500 3rd 2-hour zero and span drift point
8/9/79 1700 4th 2-hour zero and span drift point
8/9/79 1900 5th 2-hour zero and span drift point
8/9/79 2100 6th 2-hour zero and span dr:ft point
8/9/79 2300 7th 2-hour zero and span drift point
8/10/79 0900 lst 24-hour zero and calibration drift
poant. Initial 2-hour zero and calibration
reading.
8/10/79 1100 8th 2-hour zero and span drift point
8/10/79 1300 9th 2-hour zero and span érift point
8/10/79 1500 10th 2-hour zero and span drift point
8/10/79 1700 llith 2-hour zero and span drift point
8/10/79 1900 12th 2-hour zero and span drift point
8/10/79 2100 13th 2-hour zero and span drif: point
8/10/79 2300 l4th 2-hour zero and span drift point
8/11/79 0900 15th 2-hour zero and span drift point
8/11/79 1100 léth 2-hour zero and span drift point
8/11/7%9 0900 2nd 24-hour zero and calibration drift
point
8/12/79 0900 3rd 24-hour zero and calibration draft
point
8/8/79 1100 Instrument response time tests
8/13/79 0900 4th 24-hour zero and calibration draft
point
8/11/79 1130 lst set of relative accuracy samples taken
8/11/79 1230 2nd set of relative accuracy samples taken
B8/11/79 1330 3xd set of relative accuracy samples taken
8/11/79 1430 4th set of relative accuracy samples taken
8/11/79 1530 5th set of relative accuracy samples taken
B8/11/79 1630 6th set of relative accuracy samples taken
8/11/79 1730 7th set of relative accuracy samples taken
8/11/79 1830 8th set of relative accuracy samples taken
8/11/79 1930 9th set of relative accuracy samples taken
8/14/79 0900 5th 24-hour zero and calibration drift
point
8/15/79 0900 6th 24-hour zero and calibration drift
point
8/16/79 0900 7th and final 24-hour zero and calibraticn

drift point
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TABLE 3-2. INSTRUMENT SPECIFICATIONS AND PERFORMANCE

Parameter Specifications* Performance

A. Thermo Electron Series 10 NOx Analyzer

1. Accuracy < 20% of mean ref. value 7.77%, 9.17%
2. Calibration error mid < 5% cal gas value 1.13%
haigh < 5% of cal gas value 0.55%
3. Zero drift (2-hour) 2% of span 0.20%
4. Zero drift {(24-hour) 2% of span 0.19%
§. Calibration drift (2-hour) 2% of span 0.35%
6. Calibration drift (24-hour) 2.5% of span 0.52%
7. Response time 15 minute maximum 82 sec
8. Operational period 168-hour minimum 727 hr

B. Horiba Instruments PIR 2000 CO2 Analyzer

1. 2ero drift (2-hour) $ 0.4 pct CO, .063%
2. Zero drift (24-hour) € 0.5 pet COs .09%
3. Calibration drift (2-hour) £ 0.4 pct COy .155%
4. calibration drift (24.hour) £ 0.5 pct CO3 .257%
5. Response time 10 minutes 97 sec
6. Operatiocnal pericd 168 hour minimum 727 hr
C. Beckman Instruments Model 742 02 Analyzer

1. Zero drift (2-hour)*+ £ 0.4 pct 0y DNA*
2. Zero draft (24-hour)** < 0.5 pct 0Oy DNA*
3. Calabration drift (2-hour) 2 0.4 pct 0y 0.11%
4. Calibration drift (24-hour) £ 0.5 pet Oy .595%
5. Response time 10 minutes 73 sec
6. Operational period 168~hour minimum 727 hr

* Instrument has no zero adjustment.

KVB11-6015~1225
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The data presented in Table 3-2 show that analyzers in the continuous
monitor bettered the performance specification values for each parameter for

each instrument.

Certified calibration gases were obtained from Scott Envirommental
Technology Inc. The calibration gases included 50% and 90% span gases for
the NO, COj, CO, AND 03 analyzers, and a zero gas. In addition to the certi-
fied analysis supplied by the vendor, sample flasks were taken for each cali-

bration gas and sent to an independent laboratory for analysais.

Relative accuracy tests for the NO analyzer were performed as outlined
in PS2 using EPA Reference Method 7 (phenoldisulfonic acid [PDS] colorimetric)
as the standard. Nine sets of three PDS flasks were collected at one-hour
intervals at the beginning and end of the 30-day test pericd. All sample
flasks were returned to an independent laboratory for analysis. The resulits
of the relative accuracy determination are shown on pages C-14 and C-15 for
the start and end of the 30-day tests. Both tests showed that the NO ainstru-
ment greatly exceeded the accuracy requirements of PS2. The relative accuracy
of the Thermo Electxon NO analyzer was about 8% based on the first test series
and about 9% based on the final test series. The relative accuracy require-

ment published in PS2 is £ 20% of mean reference value.

3.2 COAL-FIRED STOKER BOILER TESTS

The continuous monitor system was installed by KVB personnel on
August 7, 1979 in the control room at Site 4, a coal-fired spreader stoker
boiler. A single unheated 9.5mm (3/8") nylon sample line was strung from the
duct downstream of the induced draft fan to the continuous monitor. A single
stainless steel probe with a sintered stainless steel filter was installed in
one of the center sampling ports of the duct. Particulate samples were taken

from the side of the duct according to EPA Method 5.

The boiler was initially tested in the baseline or as-found condition
on August 1l1. The boiler load for these two tests was approximately 27.7 MW
and 28.1 MW (94500 and 96000 lb steam/hr). Triplicate PDS flask samples were
collected at hourly intervals for the monitor relative accuracy determination.
The average NO emission level was 279 ng/J (474 ppm @ 3% 0,, dry) for the

nine-hour test.
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Two days later the boiler was adjusted to the low NOx operating
condition. The NOx control technology used at this facility was low excess
air (staged combustion showed no effect). The excess air in this stoker is

limited by smoke, ash clinkering, and burnout.

Clinkers are a fused mass of slag globules. The formation of clinkers
involves ash fusion, flow, and solidification. The viscosity of coal ash
slag is important in clinker formation. If the slag globules have low vis-
cosity at the temperture to which they are exposed, they will flow downward
toward the grate where they encounter entering air and are codled. If this
causes them to stop flowing, they will solidify in fragments and will not

coalesce to form a larger clinker.

When coal burns on a grate, trouble with clinkers can be avoided by
burning a thin fuel bed. When there are no clinkers, the flow of air through
the fuel bed is uniform over the entire grate, and the desired rate of com-~
bustion is maintained. Once clinkers have started, they form at an increasing
rate because the restriction to air flow by the clinker slows the combustion
and causes the fuel to accumulate into a thicker fuel bed. Restricted air
flow and thick fuel beds cause reducing conditions which favor clinker for-

mation. This causes unburned fuel to drop into the ash pit.

Excess oxygen was lowered to approximately 9%, which is a level
operating personnel felt was the lowest practical limit based on the above
criteria. The operating personnel were quite apprehensive about lowering the
excess Oy by any amount. The excess 0; could have easily been maintained at
least a half a percent lower. This apprehension s apparent when loocking
at the hourly data (found in Appendix F). These data show that the operators
kept the 02 lower when our personnel were in the plant, and used their
standard O2 levels at other times (all shifts of operators were informed

which excess 02 level to use).

Triplicate Method 5 particulate tests were conducted after the boiler
operating conditions were stabilized in the low NOx condition. Triplicate
Method 5 measurements were again made at the end of the test period with the

boiler still in the low NOx condition. One of these three tests included
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collecting a sample for POM analysis as described in Section 2.1.3. Particu-

late tests including POM were then conducted in the baseline condition.

Coal, bottom ash, and fly ash samples were collected as shown in

Table 3-6. A summary of all emissions data 1s presented in Table 3-3.

3:2.1 Gaseous Emissions

During a previous program (Ref. 1), the effect of excess oxygen on
NO emissions was evaluated for this boiler. As seen by Figures E-4 and E-5
in Appendix E, NO emissions were higher for eastern coal than for western
coal by approximately 100 ppm in the 0, range examined in these particulate

tests.

In the same fashion as most boilers, this unit exibited a sharp
decrease in NO emissions with decreasing 0;. Figure 3-1 shows a decrease

of approximately 300 ppm NO per percent O This figure represents data

5
from the particulate tests only as an average case. Figure 3-1 also shows
that the baseline condition produces points with higher NO emissions than
in the low excess air condition. PFrom the particulate tests alone a
reduction of 19% from baseline was achieved for NO emissions in the low

excess air mode.

Additionally, this unit shows a sharp decrease in NO emissions with
decreasing steam load as seen in Figure 3-2 and the data presented in
Appendix E. These data represent short duration tests however any may not

be statistically significant.

An interesting trend was also found in Figure 3-3. Because of
entrainment of fine coal particles a reduction of undergrate air also reduces
particulate loading along with NO emissions. This is a bonus that could be

found in many older coal-fired units.

An examination of Figure 3-4 will show the statistical spread of NO
emissions for the test period. The geometric mean is 211 ng/J (360 ppm) with
a geometric dispersion of 1.06. This figure also shows that 99% of the time

the NO emissions will be less than 245 ng/J.
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TABLE 3-3.

SUMMARY OF OBSERVATIONS AND GASEQUS AND PARTICULATE EMISSIONS
AT SITE 4 (CORL-FIRED SPREADER STOKER)

24 HOUR DATA

PARTICULATE DATA

Load o © NO Load co Particulales Stack T
103 1b. 2 2 ppm 3% 103 1b. 2 2 1b. Opacity Efficiency
Date MW hr. % v 0,. dry ng/J MW hr. & %+ ng/J  MMBTU 1 1Y K °F Comments
8/11/79 24.6 [: 1] 9.3 10.1 390 229 27.7 94.5 B.9 10.4 667 1.55 35 84.47 430 315 Bageline -~ High loa
28.1 96.0 9.5 10.4 612 1.42 s B84.58 430 315 Baseline °
8/12/79 19.1 [+ 10.8 8.6 389 229 High BA
8/13/719 21.7 74 10.0 9.6 K 218 27.4 93.5 8.5 11.3 450 1.05 25 85.45 4132 117.5 LEA
B/14/79 21.4 73 10.2 9.5 341 200 27.5 94.0 8.45 11.2 543 1.26 25 85.78 426 1307.5 LEA
B8/15/79 21.2 72 10.5 9.2 384 225 LEA
B/16/79 21.7 74 9.9 9.6 JeD 211 LEA
8/11/79 23.0 78 9.5 9.7 362 212 LEA
8/18/79 22.0 75 9.9 9.4 369 217 LEA
B8/19/79 18.3 62 10.8 8.3 393 231 High (2'2
8720779 24.5 84 9.4 9.8 374 219 LEA
B8/21/79 24.0 82 9.2 10.0 338 198 ILEA
87227719 23.5 80 9.5 9.8 368 216 LEA
8/23/719 21.7 74 10.4 8.9 aso 206 LEA
8/24/779 21.5% 73 9.9 9.8 is8 210 LEA
BS25/79 19.% 87 10.5 9.1 356 209 LEA
8/26/79 18.4 63 10.6 8.7 340 199 LEA
8722719 22.9 78 9.9 9.6 374 220 LEA
8s28/79 24.1 82 9.3 9.9 348 204 LEA
8/29/79 25.9 ag 9.1 10.4 372 218 LEA
8/30/79 24.8 as 9.4 10.1 368 216 LEA
a/31/79 26.8 91 B.7 10.7 350 206 LEA
9/01/79 22.7 7 9.7 5.9 348 204 LER
9/02/79 18.5 63 10.5 9.1 335 208 LEA
9/03/79 19.1 65 10.3 9.5 333 196 LEA
9/04/79 27.2 921 8.8 10.B 353 207 LA
9/05/79 25.7 ] 9.1 10.4 363 213 LEA
9/06/79 231.4 [:[¢] 9.7 9.9 355 208 27.8 95 8.82 10.95 424 0.99 5 84.81 439 330 LEA
9/07/79 22,2 76 9.7 9.7 358 210 28.0, 95.5 8.7 10.95 451 1.05 25 85.19 435 323 LEA
9/08/79 19.8 68 10.1 9.1 385 226 25.8 a8 8.82 10.74 S00 1.16 25 85.48 430 314 LEA
9/09/79 19.1 €S 10.2 9.1 407 239 Hagh O
9/10/79 23.8 al 9.4 10.1 374 220 27.5 94 8.5 11.04 575 1.34 30 84.68 436 326 LEA, POM
9/11/779 22.8 78 8.8 10.4 382 224 27.8 95 8.96 10.31 600 1.40 25 85.33 430 314 Baseline, POM
9/12/79 - - 10.3 8.5 349 211 TERMINATED MONITORING

*Corrected ko 2% 02. dry
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Figure 3-1. NO Emissions as a Function of Excess 0,.
Site 4 - Coal-Fired Spreader Stoker.
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3.2.2 Particulate Emissions

The results of the particulate tests are presented in Table 3-4 for
low excess air tests and baseline tests. Two of the tests (NO.'s 4-8 & 4-9)
were also used for collecting samples for analysis of polycyclic organic
matter (POM) by modifying the Method 5 sampling train as described in Section
2.1.3. The average particulate loading for the unmodified operation was
found to be 626 ng/J (1.46 1b/10%® Btu) while the average particulate loading
in the LEA mode of operation was 491 ng/J (1.14°1b/106 Btu). This is a

decrease of 22% in particulate loading for low NOx operation.

Figure 3-5 shows that the amount of particulates (Figure 3-3) decreases
as excess 0y is decreased. This indicates that entrainment is a major factor
in particulate loading for this specific boiler. Although not many different
boiler load settings were used, Figure 3-6 shows that particulate loading
does not seem to be a function of load. Figure 3-3 is unique 1n that it
indicates the low excess air condition reduced solid particulates in addition
to reducing the NO emissions. This clearly indicates that entrainment was
indeed the major cause of particulate loading. The reason for this entrain-
ment was of course too many fines for the given air flow. The operators at
this test site were previously using a harder eastern coal with less fines.
However, they were still running their boiler on western coal with the same

techniques they used with eastern coal.

3.2.3 POM Emissions

Samples were collected for analysis of polycyclic organic matter
using a Method 5 sampling train with XAD-2, a POM absorber, inserted. Sample
time was extended to two hours to provide a large enough sample for Battelle
to analyze. Following the sampling period, the organic resin module was
sealed and returned to Battelle Columbus Laboratories for analysis. The
sampling probe and glassware were washed with a 50-50 mixture of methylene
chloride and methanol per Battelle instructions. The filter and wash were

also sent to Battelle following weighing.

These samples were analyzed by capillary-EI GC-MS utilizing a 30M
SE-52 column with hydrogen as a carrier gas. All data were collected by single

ion monitoring (SIM) to improve selectivity and sensitivity.
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TABLE 3-4.

PARTICULATE DATA SUMMARY SITE 4, COAL-FIRED SPREADER-STOKER

Test Date Load 02 Particulates Opacity Test

No. 1979 MW 10J1b/hr * ng/J 1b/MMELU . Description
4-1 8-11 27.7 94.5 8.9 667 1.55 35 Baseline
4-2 8-11 28.1 96 9.5 612 1.42 35, Basellne
4-3 8-13 27.4 93.5 8.5 450 1.05 25 LEA

4-4 8-14 27.5% 94 8.45 543 1.26 75 LEA

4-5 -6 27.8 45 g8.a2 424 0.9%% 25 LEA

4-6 9-7 28,0 95.5 8.71 451 1.05 25 LEA

4~7 9-8 25.8 84 0.82 500 1.16 25 LEA

4-8 9-10 27.5 94 8.5 575 1.34 30 LEA, TOM
4-9 9-11 27.8 95 8.96 600 1.40 25 Baseline, POM
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Figure 3-5. Solid Particulate Loading as a Function of Excess 03.
Site 4 Coal-Fired Spreader Stoker.
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Figure 3-6. Solid Particulate Loading as a Function of Boiler Load
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The results of the analyses are presented 1n Ug per total sample.
The quantitative detection limit was 0.5 ug; thus samples with POM's present
at levels lower than this are reported as <0.5 ug (the standard deviation
at lower levels was prohibitively high for accurate quantitation). Samples
reporting POM values of ND (none detected) are at a level of less than 0.1 ug
(the approximate qualitative detection limit). The standard deviation on
points around 0.5 lg averaged around +20%, at levels around 5 ug it averaged
around + 15%, and at levels above 12 ug the standard deviation averaged

around + 10%.

The results of the Battelle analyses are presented in Table 3-5 for
the low NOx and baseline operating conditions. The POM analyses for the low
NOx condition are presented in the first column under test 4-8 while the data
for the baseline condition are presented in the last column. For each test
the extracts from all four test components (adsorbent trap, filter, cyclone,
and probe wash) were combined for analysis as one sample. Only a small
difference between the two conditions is evident in only three sets of species:
phenanthrene, methyl anthracenes/phenanthrenes, and dibenzanthracenes. It 1s

therefore concluded that the low NOx condition has not affected POM emissions.
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TABLE 3-5. SUMMARY OF POM ANALYSES SITE 4,
COAL-FIRED SPREADER STOKER

Test 4-8 Test 4-9
POM LEA Baseline
ug/ ug /a’ . ug ug [m

Phenanthrene 1.5 0.739 2.0 0.855
Anthracene ND ND ND ND
Methyl Anthracenes/Phenanthrenes 0.6 0.296 0.9 0.385
Fluoranthene <0.5 <0.246 <0.5 <0.214
Pyrene <0.5 <0. 246 <0.5 <0.214
Methyl Pyrene/Fluoranthene ND ND ND ND
Benzo(c)phenanthrene ND ND ND ND
Benz (a) anthracene ND ND ND ND
Chrysene ND ND ND ND
Methyl Chrysenes ND ND ND ND
Dimethylbenzanthracenes ND ND ND ND
Benzofluoranthenes ND ND ND ND
Benz (e) pyrene ND ND ND ND
Benz (a) pyrene ND ND ND ND
Perylene ND ND ND ND
Indeno-pyrene <0.5 <D. 246 <0.5 <0.214
Benzo (ghi)perylene <0.5 <0.246 <0.5 <0.214
Methylcholanthrenes <0.5 <0.246 0.5 <0.214
Dibenzanthracenes <0.5 <0.246 ND ND
Dibenzpyrenes ND ND ND ND
Coronene <0.5 <0. 246 <0.5 <0.214
Total Sample Volume 3 3
standard m° 2.029 m 2.340 m

Load 27.5 MW 27.8 MW

Excess 02, % 8.5 9.0

Particulates 575 ng/J 600 ng/J
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3.2.4 Boiler Efficiency

Boirler efficiency calculations were made for as-found and low NOx
operating conditions. The ASME Abbreviated Efficiency Test method was used
to determine the boiler efficiency. This test method is described an

Appendix A,

Coal, fly ash, and bottom ash samples were collected during each set
of particulate tests. Coal samples were submitted to an independent laboratory
for ultimate and heating value analyses. Fly and bottom ash samples wers
analyzed for carbon content and heating value. The results of these analyses
are tabulated in Table 3-6. These data indicate that the carbon and moisture

content vary the most within these coals.

Combustikle losses were calculated using the ash content of the fuel,
the particulate loading, and the ash heating value. The fly ash was deter-
mined from the flue gas particulate loading, an assumed multiclone collection
efficiency of 70% and fuel flow rate. The total ash was determined from
the fuel analysis and the fuel flow rate. Bottom ash was the diiference
between total ash and f£ly ash. A mass weighted heating value of dry refuse
was then calculated and used for determining the combustible losses. Table 3-7
lists a summary of the boiler efficiencies. It 1s apparent from the data
presented in this table that LEA operation results in an efficiency increase
of about 1.2% with a primary contribution due to dry gas losses. BAnother
contribution was improper burnout of the fuel bed. It was observed that some
hot coals dropped into the ash pit. Thus, while the ash had no heating value
(as seen in Table 3-6)} when 1t was analyzed some additional heat was lost
through the ash pit. Some of this heat 1s of course transferred back up

through the boiler

Figure 3-7 shows unit efficiency as a function of excess oxygen for
the boiler. Thas figure clearly illustrates thes eifect that LEA firing has on
boiler efficiency. This curve shows that efficiency increases approximately

1% for each 1.5% decrease in excess oxygen.
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3-6. SUMMARY OF COAL AND ASH ANALYSES FOR SITE 4

TABLE
(Coal-Fired Spreader Stoker)
Test 4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-8 4-9
Date 8/11/79 B8/11/79 a/13/79 8/14/79 9/6/79 9/1/79 9/8/79 /10779 /11/79
Ultimate Analysis:
Coal
(1n percent by weight)
Moisture 24.83 24.83 23 18 22.77 22.28 22.5%4 22.54 22.88 21 10
Carbon 46.69 46.69 448.28 49,39 4B.75 49.17 49.17 18. 136 49.95
Hydrogen 3.35 3.35 3.56 3.53 3.47 3.64 .64 3.46 3.55
Nitrogen 0.76 0.76 0.79 0.80 0.77 0.80 0.80 0.79 0.80
Sulfur 0.82 0.82 0.57 0.50 0.64 0.74 0.74 1.07 0.65
Ash 10.24 10.24 8.91 8 15 9.21 9 34 9.34 9.54 9.44
Oxyygen (by difference) 13.31 13.31 14.51 14.66 14.88 13 77 13.77 13.90 14.51
Hicat of Combustion.
Gross Btu/lb. 8270 H270 8840 4888 8740 8925 8925 An%29 8984
Net Btu/1b, 7960 79600 8510 8561 #4a10 8588 8508 8208 8655
Ash
Fly Ash;
Carbon % 5.30 5 30 5.30 5.30 11.59 11 59 11.59 11.59 11.59
Gross Btu/lb. (o] [o] 0 [} 0 0 0 0 0
Bottom Ash:
Carbon % 4.43 4.43 a4 13 4.43 1.38 1.38 1.38 1 3R 1 18
Cross Btu/lb. 0 ] (4] 0 v} (o] 0 0 0
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TABLE 3-7.

SUMMARY OF BOILER EFFICIENCY CALCULATIONS FOR SITE 4
COAL FIRED SPREADER STOKER BOILER

Test No. 4-1 4-2 4-3 4-4 4-5 4/6 4-7 4-8 4-9
Date a/11/79 8/11/79 8/13/79 8/14/79 9/6/79 9/1/719 9/8/79 9/10/79 9/11/79
Test Load
J.O3 1b. steam/hr. 94.5 96 93.5 94 95 95.5 88 924 95
MW 27.7 28.1 27.4 27.5 27.8 28.0 25.8 27.5 27.8
% of Capacity 73 74 72 72 73 73 68 72 73
Test Conditions
Stack 02, * 8.9 9.5 8.5 8.45 B.82 8.71 8.82 8.5 8.96
Stack COZ. A 10.4 10.4 11.3 11.2 10.95 10.95 10.74 11.04 10.31
Stack T (K/°F) 430/315 430/315 432/317.5 426/307.5 439/330 435/323 430/314 436/326 430/314
FD Fan T (X/°F) 309/96.5 310/98 306/90.5 306/91.5 305/90 308/94 309/97 305/88.5 307/93
Boiler Heat Losses (in %)
Dry Gas 7.22 7.12 6.63 6.48 7.40 6.98 6.73 7.30 7.19
Moisture in Fuel 3.41 3.41 3.02 2.92 2.93 2.89 2.87 3.08 2.68
Moisture from l|2 4.15 4.15 4.14 4.07 4.11 4.20 1.17 4.19 4.05
Combustibles 0 0 o] 0 o] 0 0 (1] 0
Radiation .75 .75 .75 .75 .75 .75 5 .75 .75
Total Losses 15.5) 15.42 14.55 14.22 15.19 14.81 14.52 . 15.32 14.67
Boiler Efficiency, % 84.47 84.58 85.45 85.78 84.81 85.19 45,448 84.68 85.33




Unit Efficiency (%)

86.0 I 1 1 i l 1
85.8 |~ O (27.5) —
. I N}
. b oena QO s (LOAD IN MW) B
: QO (7.8
85.0 = -
QO (271.3
84.6 ond —
O (28.1)
(27.7)
ot", ! ! 1 ! 1 !
0 8.4 8.6 8.8 9.0 9.2 9.4 2.6
EXCESS 02(%)
Figure 3-7. Unit Efficiency as a Function of Excess O2

Site 4, Coal-Fired Spreader Stoker.
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3.2.5 Data Reduction

The gaseous emissions data measured by the analyzers were recorxded on
strip chart recorders as described earlier. Additionally, an automatic data
logger was also used for this 30-day test. The data logger produces printed
hourly averages which are synthesized from approximately 900 spot readings.

These hourly averages were then keypunched for computer data input.

Strip chart records were collected from the recorders along with
copies of the appropriate control room data logs. The recorder charts were
reviewed to detect any possible data gaps. 1In addition, the strip chart
records were verified by comparison with measurements recorded by a technician

on an hourly basis.

2 tabulation of nourly averages was complled for the entire test
period. After the data were compiled, they were spot checked and edited to
detect obvious errors and anomalies. The data were then keypunched on cards
for input to the computer. Figure 3-8 shows an example of the list of hourly

averages. The entire list of hourly averages 1s presented in Appendix F.

After data editing was completed, 24-hour averages were calculated by
the use of a computer program. Figure 3-9 shows a summary of the 24-hour
averages for Site 4. Although these 24~-hour and hourly averages are statisti-
cally sound, they inherently tend to conceal the transient emissions of the

boiler.

A statistical summary was prepared to determine the following cara-
meters for the 24-hour averages: mean, standard deviation, maximum, minimum,
range, and average deviation. These parameters were calculated assuming the
data were normally distributed. When the data were plotted on normal
probability paper it was apparent that they were not normally distributed.
Further analysis indicated that the data were log-normally distributed. The
graph shown in Figure 3-10 illustrates the performance of the coal-fired
spreader stoker based on the 24-hour averages. The data points that are
plotted are found in Table 3-8. The mean NO emission rate is 211 ng/J
with a geometric dispersion of 1.06. The data show that 99 percent of the

time the NO emissions were less than 245 ng/J.
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[T HUURLY DATA LR ]
T DRY STACK GAS CONCENTRATION e
te g
e 02 C02 NO NO NU e
bl LUAD voLX vOLX PPMV PPMY NG/J e
e DATE TIME MnTH MEAS MEAS MEAS 3206 L
lt!'t!tll!.ttl.tl!llll..l!li‘ll!l.l!l.'!'.!l.lti!!!ll.iilll.lli.
*e 0/ 0/79 ¢ o0 oV o0 0, 0. 0 re
% 0/ 0779 v ] o0 a0 0. 0. 0, s
tx O/ 0/79 Y] o0 o0 oV 0. 0, G, e
2 0/ 0/79 0 ] ] o0 0. 0, 0, e
2 0/ 0/79 v o0 o0 o0 0, 0, 0, .
s 0/ 0779 1] o0 o0 oD 0, 0. ['I L3
x* 0/ 0/79 1} 0 o0 o0 0. 0o (VIS e
*x 0/ 0/79 v .0 o0 o0 0, 0. 0. e
' 0/ 0/79 0 o0 o0 o0 0. [ 1% 04 Ll
*e 0/ 0/79 (1] .0 . o0 o0 0. 0. 0. L
*s 0/ 0/79 0 o0 o0 o0 0, 0, ' *x
se 8711779 120v  23.4 8.5 13,4 191, 276, 162, e
*x 8/11/79 1300 27,2 9.0 1042 284, 427, 251, tw
®x 8/11/779 1400 28,4 8.9 10,4 281, 419, 24s, e
*n 8/11/79 1500 26,4 8.9 10,3 2380, 427, 250, e
xs 8/11/79 1600 28,4 9.3 10,4 291, aa9, 264, fx
*x 8/11/179 1700 28.1 9.1 10.4 273. 414, 243, e
“n 8/11/79 1800 27,8 9.5 10,4 291, 457, 268, L]
*2 8/11/79 1900 25,1 9.6 10,4 302, 478, 281, e
*x 8/11/79 2000 28,4 8,0 10,8 282, 410, 241, "
ae 8711779 2100 19,0 9,2 8,9 190, 291, 171, La ]
zs 8/11/79 2200 17,9 9,0 9,0 199, 315, 185, s
e 8/11/79 2300 17,0 1'0.5 8,3 201, 346, 203, na
s 8/11/779 2400 17,9 fu,t 8,3 203, 353, 207, " a
RANEARN R R P g R R AR A RN AN R AR A R RANN AT R R G R AR AR R ARRARA NN A RNORARRAR RNy

Figure 3-8. Format of hourly emissions data, Site 4
Coal-Fired Spreader Stoker.
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" 24 HMOUR DATA e
LA DRY STACK GAS CONCENTRATION (1]
an te
'Y Q2 co2 NO NO NUO e
L2 ] LUAD YOLX yoLY PPMY PPMY NG/J e
" DATE TIME MwTH MEAS MEAS MEAS 330¢ LT
ER AR R EEARA AN R AR AR ARE N R R A T RAR RN ARRRRARNRR AR ARRERRRARENAARNS S ARNAR S
e B/11/79 24,86 9.3 10,1 ¢52, 399, 229, e
e 8/12/79 19,1 10,8 8,6 219, 389, 229, An
e 6113/79 21.7 10.0 qlb 2250 3710 216, L] ]
e 8/714/7% 2led 10.2 9.5 204, 3uy, 200, L]
«x 8/15/779 2l.2 10.5 9,2 224, 384, 2250 L1
rRe B/16/79 21,7 9,9 9,6 221, 300, 218 an
e 8§/17/79 23.0 9.5 9,7 elo, 302, 212, L
et 8/18/719 2ce0 9$,9 G4 227, 309, 217, Ld ]
tx B/19779 18,3 10.8 8,3 2224 383, 231, na
*n 8720779 24,5 9,4 9.8 241, 374, 219, ®a
we 8/21/79 24,0 9.2 10,0 220, 338, 198, *n
' 8/22/779 23,5 9,5 9.8 235, 3e8, 216, Lk
an 8/23/19 2147 10,4 8,9 200, 350, 204, ta
tx 8/24/779 2145 9.9 9.8 221, 3ssa, 210, "
o 8725779 19,5 10.5 9,1 208, 356, 209, ta
s 8/267/19 18,6  10.8 8,7 195, 340, 199, ¢
e 8/27/719 22.% 9.9 9,8 231, 374, 220, bt
an 8/28/79 2441 9,3 9,9 225, a8, 204, na
ae 8/29/79 25.9 9.1 10,4 245, 372, 218, LA
xn 8/30/79 24,8 9.4 10,1 235, 3ob. 216, e
*w 8/31/79 26.8 8,7 10,7 219, 350, 206, "n
28 9/ §/79 22.7 9.7 9,9 217, 348, 204, n
ne 9/ 27719 18,5 10.5 9,1 207, 3S5. 208, L
*e Q/ 3/79 19.1 10.3 9,5 198, 333, 196, e
% §/ q/7%9 272 8.4 10,8 238, 353. 207, LT
*% §/ §/79 25.7 9.1 10,4 239, 363, 213, L3
e Q7 o/79 3.4 9.7 9,9 223 3155. 208, Ld
w97 7779 2242 9.7 9,7 224, 358, 210, *x
2 9/ 8/79 198  10.1 9,1  23t. 385, 226,
e §/ 9/719 1941 1002 9,1 264, uo?, 239. tu
*x 9/10/79 23.8 9.4 10.1 241l 374, 220+ e
tx 9711779 22.8 8.8 10,4 257, 382. 224, e
ae 9/12/7719 0 10.3 8,5 214, 359, 2il. e

AR AR R R AR T AR E N R AR RS A R AR AR AN AAR ARG ARANIOREARNARNANSRARERASRD

Figure 3-9.

Surmary of 24-hour Data, Site
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TABLE 3-8. FREQUENCY DISTRIBUTION OF NO EMISSIONS AT SITE 4

Cell
{ng/J) Frequency Cum.Freq. 5
195-200 4 4 12
201-205 2 6 18
206-2190 8 14 4]
211-215 4 18 53
216-220 8 26 76
221-225 2 28 82
226-230 3 31 91
231-235 1 32 24
236~-240 1 33 97
n= 33
$ = (cum.freqg.) {(100)/(n+l)
f (geometric mean) = 211 ng/J
ggeometric , 3 N3 = 1.06

dispersion To4
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Figure 3-10.
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The data were also separated into three constant load and excess O2 ranges
in which the data appeared to £fall. However, the NO emissions showed an

increase in geometric dispersion with both these methods of categorization.

A plot of the 24-average NO emission as a function of days from
start of testing 1s shown in Figure 3-11. This plot°'shows the range of
the NO measuresments to be between 196 and 239 ng/J with most of the data
between 200 and 220 ng/J. Excess oxygen was also plotted as a function of

days from start of testing and is presented in Figure 3-12.

Observation of the hourly average data shows that during periods when
KVB personnel were present, the excess oxygen was generally lower than other

periods.

Operating personnel were requested to maintain the excess O2 level as

low as possible without smoking or clinkering. However, the O2 levels tend

to be somewhat higher when KVB personnel are not present. The overall O2
level 1s lower than normal for the entire test period. The average excess

O2 level for 33 days was ©.8%.

Emission factors for the coal-fired stoker were calculated using the
procedure set forth in 40CFR60, Subpart D. The NO emission factor (dry

basis) was calculated using the following equation:

. 20.9
d7a 209 -3 0y,

E=C

Where E = Pollutant emission rate, ng/J (lb/million Btu)
Cg= NO concentration, ng/scm (lb/scf)
Fg= Stoichiometric conversion factor, 2.63 x 10~7
dsem/J (9,780 dscf/million Btu), for bituminous coal

02 = Oxygen concentration, percent by volume, dry

d
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Figure 3-11, 24-Hour Average NO Emissions as & Function of Days from

Start of Testing.
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24-Hour Average of Excess Oxygen as a Function of Days
from Start of Testing.
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The conversion of measured NO values (pomv) to ng/scm is made by multiplying
by 1.912x10°. To convert from ppm to 1lb/scf, multiply by l.l9x10_7. However,
1t should be pornted out that the stoichiometric conversion factor (Fd) is

a generalized number which 1s based on a wide variety of bituminous coals.
NOx emisslions werxe measured as NO dry and the NOx eml1ss1on rates

reported herein are calculated based on the molecular werght of N02.
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APPENDIX A

EFFICIENCY MEASUREMENTS
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EFFICIENCY

Unit efficiencies for boilers are calculated and reported according
to the ASME Power Test Codes for Steam Generation Units, PTC 4.1-1965. These
codes present instructions for two acceptable methods of determining thermal
efficiency. One method 1s the direct measurement of input and output and
requires the accurate measurement of the quantity and hagh-heating value of
the fuel, heat credits, and the heat absorbed by the working fluids. The
second method involves the direct measurements of heat losses and is re-
ferred to as the heat loss method. This method requires the determination
of losses, heat credits, and ultimate analysis and high-heat value of the
fuel. Some of the major heat losses include losses due to heat in dry flue
gas, losses due to fuel moisture content, losses due to combustible material
in refuse and flue gas, and radiation losses. Heat credits are defined as
those amounts added to the process in forms other than the chemical heat
in the fuel "as fired." These include quantities such as sensible heat in
the fuel, heat in the combustion air, and heat from power conversion in a
pulverizer or fan. The relationships between input, output, credits, and

losses for a steam generator are illustrated in Figure A-1.

KVB's experience has shown the heat-loss efficiency determination
method to be the most reliable when working wath industrial boilers. Ac-
curate fuel input measurements are rarely possible on industrial boilers due
to the lack of adequate instrumentation, thus making the input-output method
undesirable. The accuracy of the efficiency based on the heat loss method
1s determined primarily by the accuracy of the flue gas temperature measure-
ment immediately following the last heat removal station, the stack gas
excess o2 level, the fuel analysis, the ambient temperature, and proper
identification of the combustion device external surfaces (for radiation
losses). Determination of the radiation and other associated losses may
appear to be a rather imposing calculation, but in practice it can be ac-
complished by utilizing standard efficiency calculation procedures. Inac-

curacies 1in determining efficiency occasionally occur even with the heat
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HEAT IN FUEL (H)) (CHEMICAL)

»

HEAT IN ENTERING AIR

~

HEAT IN ATCMIZING STE AM

SENSIBLE MEAT IN FUEL
PULVERIZER OR CRUSHER POWER
BOILER CIRCUL ATING PUMP POWER
PRIMARY AIR FAN POWER
RECIRCUL ATING GAS FAN POWER

HEAT SUPPLIED B8Y MOISTURE
IN ENTERING AIP

HEAT 11 COOLING wATER

INPUT

L + CREDITS (B)

W] | o W} W ©| oD
»

]
»

enveLore, §

BQuUNDARY ——®= HEAT IN PRIMARY STEAM

e WE AT IN DESUPERHEATER WATER AND CIRCULATING PUMP INJECTION WATER
r—e MEAT IN FEEDWATER

et MEAT IN BLOWDOWN AND CIRCULATING PUMP LEAK.OFF WATER

psine HEAT IN STEAM FOR MISCELLANEOUS USES

= HEAT IN REMEAT STEAM OUT

—— HEAT IN DESUPERHEATER WATER

=k HEAT IN REMEAT STEAM IN

Nl

UC  UNBURNED CARBON IN REFUSE
Le MEAT IN DRY GAS

i MOISTURE IN FUEL
L, MOISTURE FROM BURNING HYDROG EN
mA MOISTURE IN AIR

L 4 HEAT IN ATOMIZING STEAM
LOSSES (L) LCO CARBON MONOXIDE

Lun  UNBURNED HYDROGEN
Liuc  UNBURNED HYDROCARBONS

) RADIATION AND CONVECTION

L. RADIATION TO ASH PIT, SENSIBLE MEAT IN
SUAS & LATENT HEAT OF FUSION OF S AG

L, SENSIBLE MEAT IN FLUE DUST

L, MEAT IN PUL VERIZER REJECTS

L. MEAT IN COOLING WATER

L, S00T BLOWING

OUTPUT = INPUT — LOSSES

OUTPUT 2 100 = lNPUT'BL x 100

DEFINITION: EFFICIENCY (PERCENT) = n (%) = oot H, +

- =|1- -t 100
HEAT BALANCE. H,+B = OUTPUT+L OR n (%) [l H,+s]'

Figure A-1. Heat balance of steam generator.
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loss method primarily because of out-of-calibration unit instrumentation
such as the stack gas exit temperature. However, this problem has been re-
solved by KVB test engineers through the use of portable instrumentation

and separate temperature readings.

The abbreviated efficiency test procedure which considers only the
major losses and the chemical heat in the fuel as input will be followed.
Tables A-1 and A-2 are the ASME Test Forms for Abbreviated Efficiency Tests
on steam generators which exemplify the type of forms to be used for re-

cording the necessary data and performing the required calculations.

KVB has developed a program for the HP-67 calculator which will pro-
vide the heat loss efficiency from the stack data. Figqure A-2 shows the HP-
67 keyed calculation sheet for calculating efficiency by the ASME Heat Loss
Method.
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CUMMARY SHEET

TABLE A-l
ASME TEST FORM

FOR ABBREVIATED EFFICIENCY TEST

PTC 4.1-0 (1964

TEST NO. BOILER NO. DATE
O~NER OF PLANT LOCATION
TEST CONDUCTED BY OBJECTIVE OF TEST DURATION

BOILER MAKE & TYPE

RATED CAPACITY

STOKER TYPE & SIZE

PULVERIZER, TYPE & SIZE

BURNER, TYPE & SIZE

56
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FUEL \SED MINE COUNTY STATE SIZE AS FIRED
PRESSURES & TEMPERATURES FUEL DATA
IN BOILER DRUM COAL AS FIRED
1 STEAM PRESSURE 8OILER DRV psia PROX. ANALYSIS R wt oI
2 STEAM PRESSURE AT S. H OUTLET psio 37 { MOISTURE 51 | FLASH POINT F*
3| STEAM PRESSURE AT R M. INLET psia 38 | VOL MATTER 52 | Sp. Gravity Deg. API®
VISCOSITY AT SSU*
4| STEAM PRESSURE AT R.H OUTLET puig 39 | FIXED CARBON §3 { BURNER SSF
TOTAL HYDROGEN
& | STEAM TEMPERATURE AT § H OUTLET F 40 | ASH 4 |7 w»t
6 | STEAM TEMPERATURE AT R H INLETY F TOTAL 41 | Brv per lb
7 | STEAM TEMPERATURE AT R.H OUTLET F 41 | Bry per Ib AS FIRED
ASH SOFT TEMP,*
8 WATER TEMP. ENTERING (ECON ) (BOILER) F 42 ASTM METHOD GAS %o VOL
COAL OR OIL AS FIRED
L STEAM QUALITY " MOISTURE OR P.P M. ULTIMATE ANAL YSIS 54 1CO
10 | AIR TEMP AROUND BOILER (AMBIENT) F 43 | CARBON $$ |CH, METMANE
TEMP AIR FOR COMBUSTION
n »
{Thes 13 Relerence Temperature) t F 44 | HYDROGEN 56 CiH; ACETYLENE
12 TEMPERATURE OF FUEL F 45 | OXYGEN §7 |C,H, ETHYLENE
13 | CaS TEMP LEAVING (Boiler) (Econ.) (Air Hir.) 46 | NITROGEN sg |CaHe ETHANE
14 AS TEMP. ENTERING AN (If d b
¢ 2uv'§=l|d‘%4§u_mg'||e¢) (If conditrons 1o be F 47 ] SULPHUR 59 |Ha$
UNIT QUANTITIES 40 | asH 80 |co, *
15 | ENTHALPY OF SAT.LIQU!D (TOTAL HEAT) [Bru/lb 37 | MOISTURE 81 {Ma HYDROGEN
16 | ENTHALPY OF[SATURATED)(SUPERHEATED)
STM Bru/lb TOTAL TOTAL
. TOTAL HYDR N
" EN;I’EHCAOLNP)Y OF SAT. FEED TO (BOILER) Bro/tb COAL PULVERIZATION Al DROGE
48 | GRINDABILITY 82 |DENSITY 68 F
18 | ENTHMALPY OF REMEATED STEAM R. M. INLET{B1u/Ib INDEX* ATM. PRESS.
19 | ENTHALPY OF REMEATED STEAM R. H. 49 | FINENESS % THRU
QUTLET Bru/lb 50 M 63 | Br PERCUFT
20 | MEAT ABS/LE OF STEAM (ITEM 16=ITEM 17) {Biu‘lb 50 | FINENESS ;.ognnu 41 | 8o PER LB
M.
INPUT.OUTPUT ITEM 31 = 100
21 | HEAT ABS. M. M{ITEM 191TEM 18) 1 4 ——
EAT ABS/LE R.M. STEAM(TEM | fBrs 81 gericiency oF UNIT % ITEM 29
22 | ORY REFUSE (ASH PIT ¢ FLY ASH) PER LB Bru/1b % of A.
AS FIRED FUEL 15/1b HEAT LOSS EFFICIENCY A.F. FUEL | FUEL
23 1 B PER LB IN REFUSE (WEIGHTED AVERAGE)|Bru/Ib 65 | HEAT LOSS DUE TO DRY GAS
24 CARBON BURNED PER LB AS FIRED FUEL 16/1b 66 | MEAT LOSS DUE TO MOISTURE IN FUEL
25 DRY GAS PER L8 AS FIRED FUEL BURNED Ib/1b 67 | HEAT LOSS DUE TO M,0 FROM COMB OF H;
HOURLY QUANTITIES 48 | HEAT LOSS DUE TO COMBUST. IN REFUSE
26 ACTUAL WATER EVAPORATED 1b/he 69 | HEAT LOSS DUE TO RADIATION
27 | REMEAT STEAM FLOW 1b /he 70 | UNMEASURED LOSSES
28 RATE OF FUEL FIRING (AS FIRED wt) 1b/he n TOTAL
29 | TOTAL MEAT INPUT (ltem 28 X irem 41) kB/hr 72 | EFFICIENCY 2 (100 = ltem 71) .
1000
30 | HEAT OUTPUT IN BLOW.BOWN WATER kB/he
TOTAL
31 | HEAT {ltem 26 ltem 20)¢(lram 27 xitem 21) ¢ 1tem 30 [ kB N
OUTPUT 1000
FLUE GAS ANAL. (BOILER)(ECON) (AIR NTR) OUTLET
32 | co, % YOL
n|o % YOL
34 ] €O % VOL ® Not Reguired for EHlicrancy Tesnng
35 N, (BY DIFFERENCE) % YOL
36 | EXCESS AIR % 1 For Point of Measurement See Par. 7.2.8.1.PTC 4.1.1964



TABLE A-2 PTC 4.1-b (1944)

ASME TEST FORM

CALCULATION SHEET FOR ABBREVIATED EFFICIENCY TEST Revised September, 1965
OWNER OF PLANT TEST NO. BOILER NO. DATE
ITEM1S  ITEM17]  &B/h
30 | HEAT OUTPUT IN BOILER BLOW.DOWN WATER L8 OF WATER BLOW.DOWN PER MR x | _oc:--: - ‘-m; ------ e e

If impracticol to weigh refuse, this
item con be estimoted os follows
% ASH IN AS FIRED COAL

ORY REFUSE PER LB OF AS FIRED FUEL = NOTE: IF FLUE DUST & ASH
2 100 - % COMB. IN REFUSE SAMPLE PIT REFUSE DIFFER MATERIALLY
IN COMBUSTIBLE CONTENT, THEY
ITEM 43 ITEM 22 ITEM 22 SHOULD BE ESTIMATED
CARBON BURNED e SEPARATELY. SEE SECTION 7,
PER LB AS FIRED = — 2t S e s et COMPUTATIONS,
FUEL 100 14,500
DRY GAS PERLE  11CO, + 8O, ¢ 7(N, ¢ CO) )
AS FIRED FUEL = % (L8 CARBON BURNED PER LB AS FIRED FUEL + 2 $)
SURNED 3CO, + €O)
28 ITEM 32 ITEM 23 ITEM 33 ITEM 34 ITEM 24 ITEM &7
1 x 4 8 x L J + x .
. FETTTY
ITEM 32 ITEM 34 267
3 xi......n  ieeens .
co
EXCESS 0, - — ITEm3y - 'TEM M
36 | AIRY s 100 x 2 = 100 x 2 L
262N, - (o, . ED ITEM 34
2 .2682 (ITEM 35) = (ITEM 33 = — )
8tu/ik Loss
MEAT LOSS EFFICIENCY AS FIRED! ARV Loss
FUEL 100 = %
HEAT LOSS DUE L8 DRY GAS ITEM 25 ITEM1J) = (ITEM
65 | TO DRY GAS & PERLBAS xC_x{'vg = ') = x0.24 (TEMI3) -(TE n,g 2 X 100=
FIRED FUEL  ® Yoy  ...... et e neenan TS B Y
66 | HEAT LOSS DUE TO _ LB H,0 PERLS PSIaA AS LV
MOISTURE IN FUEL = &S FIRED FUEL * [(ENTHALPY OF "':g: 3‘;T 1 PSIA & T GAS LvG) 8 4 100 =
= (ENTHALPY OF LIGUIDAT T AIR)] = L2EM 37 [(enTHALPY OF vaPOR o
AT 1 PSIA & TITEM 13} =(ENTHALPY OF LIQUID AT TITEM 'II)] Zensse i B 4
67 | MEAT LOSS DUE TO H,0 FROM COMB. OF H, = #H, x [(ENTHALPY OF VAPOR AT 1 PSIA & T GAS
LYG) - (ENTHALPY OF LIQUID AT T AIR]] 87 oo
® 9 x TEM 4, ((ENTHALPY OF VAPOR AT | PSIA & T ITEM 13) = (ENTHALPY OF LIQUID AT a
100 TATEM D) eenmnnnnnnes e A I
68 | MEAT LOSS DUE TO ITEM 22 ITEM 23 8 L w00=
COMBUSTIBLE IN REFUSE = x . 4
69 | nEAT LOSS DUE TO TOTAL BTU RADIATION LOSS PER HR L.
s _x B3
RADIATION® LB AS FIRED FUEL ~ ITEM 28 a
70 | UNMEASURED LOSSES ** ceeeee ] DO x00- .
a
nlwowae .
72| EFFICIENCY = 100 - ITENTY) A R E

? For ngarows detarmination of axcess eir see Appendix 9.2 = PTC 4.1-1964

* It losses ore not meosured, vse ABMA Stondord Rodiotion Loss Chen, Fig. 8, PTC 4.1.1944

*® Unmeosured losses listed on PTC 4.1 but not 1obuleted above moy by provided for by essigning o mutually
egreed uwpon valve for item 70,

57 KVBl11-6015-1225



FIGURE A-2
HP-67 XEYED CALCULATION SHERT
ASME ABBREVIATED EFFICIENCY CALCULATION = HEAT LOSS METHOD

Test No. Date Locatien Unit No. Fuel

(Turn Calculator Off and Then On. Lload Program Card.)
A. FROM FUEL ANALYS1S:

Wt. \ an as-fared fucl: C v, Moisture A\, K v\, S A}
Al: (S50 0) A2: (570 1) Al: (STO 2) A4:(STO 1)
High heating value of fuel as-fared Btu/lb
A5: (STO 4)
B. FROM FLUE GAS ANALYS1S:
Volume § in flue gas of: O N, C02 \, CO \)
Bl:(STO §) B2:(STO 6) Bl: (STO 7)
C. TROM REFUSE (FLY ASH AND ASH PIT) ANALYSIS:
Cl. Fraction of dry refuse in fuel 1bs dry refuse/lb as-fired fyel
(STO 8)
C2. Heating value of Ary refuse (weighted average) Btu/ldb dry refuse
(ST0 9)
C3. WwWt. \ of combustibles in refuse L}

(P %SISTOQ (L P 25)

D. MEASURED TEMPERATURES
Dl. Gas temp. leaving boiler, econ. or air heater °F

(STO A)
D2. Comb. aar tezp. °F
(STQ B)
E. FROM STEAM TABLES:
El. Enthalpy: Hzo(q) at temp. D1 & ] psaia Btu/1b
(sT0 C)
E2. Enthalpy: uzou) at cormb. air temp. Btu/1b
(STO D)
F. TROM ABIIA STANDARD RADIATION LOSS CHART (UNLESS MZASURED):
Fl. Heat loss due to radiation \ of gross heat input
(STO E)
G. FROM UIT SPECIFICATIONS (3f available, otherwise enter 0):
Gl. Unmeasured losses A of gross heat anput

(P %S)(STOO)(L P 2 85)

100 (2Bl - B3)
- Bl - B2) - (281 - Bl) e

1. Excess Air & 55364 (100

2. (Optional) Pounds dry gas per pound of fuel =

Bl « 4B2 + 700 Al Cl x C2 b LY

3182 + B3) x 1300 " 14500 (1 - 53_7 * 800 (R/S) lbs dry gas/lb as-fired fuel
100
s of Gross {(Optional)
Heat losses Meat Input Btu/ld as-fired fuel®
3. Due to dry gas = 242 -:sx (01 - D2) ® ®5)
4. Due to moisture in fuel = BL—;%:—E& () (R/S)
S. Due to Hzo from combustion of liz - u_&_:;_!l-_ﬁﬂ (§-3] (R/S)
6. Due to combustibles in refuse = loo;ﬂ)u'—cz (E) (R/S)
7. Total losses * Sum of calculated losses + Il ¢ G) {f a) (R/S)
8. Efficiency = 100 - Total LlLosses (edy___
ecalculated as percent of gross heat input’'x AS ¢ 100
58 KVB11-6015-1225
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APPENDIX B

DATA RECORDING FORMATS
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DOCUMENTATION OF RESULTS

Field Measurements

During testing, two sets of measurements are recorded: 1) control

room data which indicate the operating condition of the device and 2) emis-

sions data that are the readouts of the individual analyzers.

The concentration of nitric oxide (NO), carbon dioxide (coz), carbon

monoxide (CO), and oxygen (02) are measured and recorded. The concentration

of these species are measured and displayed continuously by analyzers and

strip chart recorders mounted in a console. The strip chart recordings are

retained for future reference. Opacity, particulate loading, and POM concen-

tration are measured at the sampling port and the measurements recorded on

data sheets.

A number of data sheets have been developed for use in field measure-

ments. These data sheets are listed below together with their purpose.

An example of each sheet follows.

Figure No. Title Purpose

B-1 Thirty-Day Field Test Data Sheets Record control room data

B-2 Gaseous Emissions Data Record Gaseous Emissions
Analyzer data

B-3 Nozzle Size, Qp and AR Calculations Calculate nozzle size,
flow rate, and 8H for
Method 5 Test

B-4 Response Time for Continuous Continuous monitor certi-

Instruments fication

B=-5 Zero and Calibration Drift (24 hr) Continuous monitor certi-
fication

B-6 Zero and Calibration Drift (2 hf) Continuous monitor certi-
fication

B-7 Accuracy Determination (NOx) Continuous monitor certi-
fication

B-8 Calibration Error Determination Continuous monitor certi-

60

fication
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Figure No.

Title

Purpose

B-9

B-10

B-11

B-12

B-13

B-14

Analysis of Calibration Gas Mixture

Particulate Calculation Sheet

Stack Data

Particulate Emission Caculations

Velocity Traverse

Liquid or Solid Fuel Calculation

6l

Continuous monitor certi-
fication

Calculate weight of solad
particulate catch

Record volumes,” tempera-
tures, pressures of Method
S5 control unit.

Calculate particulate em-
mision factors

Record temperature and
velocity profile of stack

Calculate stoichiometric
properties of fuel

KVB11-6015-1225



Figure B-1.

THIRTY DAY FIELD TEST DATA SHEET

KVB,

Inc.

Site

Fuel

Test No.

Date

Time -

load

Test Description

Windbox, in. H.O

Furnace, in. H.O
-

Overfire air, in. H.0O
r4

Boiler exit, in. H_ O
&

Economizer exit, in. H O
(4

ID fan inlet, in. H,O
&
Steam flow, kpph

~

Time/
Integrated steam flow k lbs

Air flow indic.

Superheater outlet temp.

°F

Flue gas temp,
economizer inlet, °F

Flue gas temp,
economizer outlet, °F

Temp F.W. economizer
outlet, °F

Feed Water Control, %

Temp F.W. heater, °F

F.W. economizer inlet, °F

Steam pressure, psig

Fuel feed

Overfire air damper

F.D. fan

F.D. fan damper

1.D. fan

I1.D. fan damper

62

(continued)
Data Sheet 6017-26
12/12/78
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Figure B-1l. (Continued)}

THIRTY DAY FIELD TEST DATA SHEET

Page 2

Test No.

Smoke Indicator Chart

Rotary speed

Spill plate setting

Grate speed

Overfire air damper,
% open

Fuel flow, Time/lbs

Flame observations

Bed thickness

General furnace
appearance

Clinkers

Ambient air temp, °F
& F.D. fan inlet temp.

Comments:

63

Data Sheet 6017-26
12/12/78
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Figure B-2.

Low NOx Control Metheod

KvB, INC.

GASEQUS EMISSIONS DATA

Date

Engr.

Unit No. Location
Fuel Capacity
Unit Type Burner Type

l. Test No.

2. Time

3. Load

4. Process Rate

5. Flue Diam. or
Size, ft

6. Probe Position

7. Oxygen (%)

B. Nox (hot)
read/3% 02 {ppm)

9. NO (hot)
read/3% O2 (ppm)

10. NO. (hot}
read/3% 02 (ppm)

1l. Carbon Dioxide
(%)

12. Carbon Monoxide
{ppm) uncor/cor

13. Opacity

14. Atmos. Temp.
(°F/°C)

15. Dew Point Temp.
(°F/°C)

l6. Atmos. Pressure
(in. Hg)

17. Relative
Humidity (%)

64

Data Sheet
6015-23
9/29/78
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Figqure B-3.

HP-67 Xeyed Calculation Sheet
NO2ZLE SIZE, % and AR CALCULATIONS

Test NoO. Date Location
Unat lo. Puel Sampling Method
Crew: Engr. Techs.
DATA
Constants Rey Actual Condations Key
Patot Factor, (sTo 1) Meter Temperature, Ty (°F) (STO 35)
Orifice Factor, J (5T0 2) Barom. Press., Pp,, (an. Hg) (STO 6)
Orifice Daan., Do (an.} (STD 3) Static Press. Diff., AP (awg) (ST 1)
Ideal Meter Flow, Qn (ACFM) (STO 4) Nozzle Temp., T, (°F) (STO 8)
Stack Vel. Press., 4p (iwg) (STO 9)
NOTE: TO RECALCULATE IDEAL NMOZZLIE SIZE, Gaseous Stack Composition
RESTORE DATA IN REGISTERS 4 THRU 8, CLEAR
S By () ENTER
- F
STACK AND RL~-ENTER § Hzo. ] 02. ang % CC’2 % 0; ary e ENTER
\ COy dry L }]

IDEAL WOZZLE CALLULATION

(A} 1deal Nozzle Saize, Dn(ldeal) snches
METER FLOW RATE AND ORIFICE PRESS. DIFF. CALCULATIONS
Actual Nozzle Saze, D inches

n({Actual)
(C) Actual Meter Flow Rate, Q . ...,

(RCL 7) Orafaice Press. Daff., OH to obtain Qn(hctunl) ivg

NOTE:
for AH.

ACFI{ (on meter)

To Determune Qq and AH for Other Actual Nozzle Size, Xey in Dp(aceyayye Press C for Qm. then RCL 7

For one Dp(Actual) ¥ith Changing Stack Velocaty Pressure (8p) and Nozzle Temperature ('r )

{It 25 not necessary to restore data an registers 4-8 for these calculations)

Ap (ENTER) . () On {R/S) AW’
(awg) (°F) (ACFM) {awg)
EQHATIOHS

(1)- *3/25 (48 CO, ¢V 0) ¢35 (I/ib mle) (Z)u -u(

(S) AR NE ALY

(1. of water) (ll) vy = 18m3 7 T T, v w01 17F, R

=100

L] I’D - 100

'- (L] ':m (15/1> sole)

(£t/min)
(5) o 1, © 460) 13,87, (838473 % ¢ iz o ason
-
- 5 )
=~ (8 5,021000 112, + 480} r_u:uvs I $ e a0 - e "y 0 i16ealy)
S
(5) O, 2a0azy * /19335 (A una  (7) %acront) ® Ma 2 caceans;/203.38 tacw)
T« 880111 ¥ W,0/200)(13.6 P_ _ & &2 )
(a).._‘nnmn (:oaouulr: &R o - an, -8 e
. 'y ® Vs 1! ] s
i ® l,n vhere n » mmber of iteretions ta obtain Al;. e «u._, - lll‘
b € 0.001
LY

weon’m, 100

(9) 4% e v ¢

SRR SN

(T, * 460) - 8 e_l’ "

tin. of watar)

KVB11-6015-1225
KVB 6015-25 (Rev. 1)

12/13/78



Figure B-4.
KVB

Engineer

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME FOR CONTINUCUS INSTRUMENTS

Date of Test
Span Gas Concentration Fpm

Analyzer Span Setting Ppm

1l seconds
Upscale 2 seconds
3 seconds

Average upscale response seconds

b seconds
Downscale 2 seconds
3 seconds
Average downscale response seconds.
System average response time (slower time) = seconds.

b deviation from slower _|average upscale minus average downscale x 100% =
system average response slower time —

Data Sheet 6017-35
66 40CFR60/App. B
/1777
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Figure B-5.

KVB _
Engineer

MONITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

Date Zexo Span Calibration
and Zero Drift Reading Drift
Time Reading (AZero) (After Zero Adjustment) (ASpan)
Zexro Drift = [Mean Zero Drift* + C.I. (Zero) )

+ [Instrument Span) x 100 = .
Calibration Drift = (Mean Span Drift* + C.I. (Span) )

< [Instrument Span] x 100 = .

*abhsolute Value

Data Sheet 6017-34
40CFR60/ApPP. B
7/1/717
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STCZTI-STO9-TTdAN

MONITOR PERFORMANCE TEST DATA SHEET

Engineer
ZERO AND CALIBRATION DRIFT (2 HOUR)

Data Zero Span Calibration
Set Time Zero Drift Span Drift Drift
No. Begin End Date Reading (AZero) Reading {Aspan) (Span-Zero)
1
2
3
]
5
6
! X
8 <
9 0]
10
11
12
13
14
15

Zero Drift = [Mean Zero Drift* + CI (Zero) ] * [Span] x 100 = .

Calibration Drift = [Mean Span Drift* + CI (Span) ] ¢ [Span] x 100 = .

*Absolute Value.

Data Sheet 6017-33
40CFR60/App. B
/1777

*9-g 3Inb1I



69

GZZI-STOS-TTHAN

MONITOR PERFORMANCE TEST DATA SMEET
ACCURACY DETERMINATION (Nox)

Engineer

ieference Method Samples
pate Nox NDx Nox Nox Sample :::i:z:t(l;:?:r Di:;z;:nce

Test and Sample 1 Sample 2 Sample 3 Average 9 P NO NO
No. Time {(ppm) (ppm) {ppm) {ppm) x x
1

2

3

4

5

6

7

8

9

Mean reference method Mean of
test value (“ox) the differences
95% Confidence intervals = # ppm (Nox)
_  Mean of the differences + 95% confidence interval _
Accuracies = Mean reference method value x 100 = + (NOo)
* Explain and report method used to determine integrated averages
Data Sheet 6017-32 A0CFRGO/App. I

/1777

aAd

"L-g 8xnbtd



Figure B-8.

KVB

Engineer

MONITOR PERFORMANCE TEST DATA SHEET

CALIBRATION ERROR DETERMINATION

Calibration Gas Mixture Data

Mid (50%) ppm High (90%) ppm

—
—

Run 4 Concentration, ppm Reading, ppm

Calibration Gas Measurement System

Differences} ppm

wjio|vyjorjlwv]isda]lw]Nn] +-

[
o

-
-

[
LY

[
W

[
"5

-
v

Mean difference

Confidence inte

Calibration error =

1Calib:ation ga

Absolute value

Mid

High

rval +

Mean Difference2 + C.I.
Average Calibration Gas Concentration

x 100

s concentration - measurement system reading

Data Sheet 6017-31
40CTR60/ADPP. B

7/1/17
70 KVB1l1-6015-1225



Figure B-9.

KVB
Engineer

MONITOR PERFORMANCE TEST DATA SHEET

ANALYSIS OF CALIBRATION GAS MIXTURES

Date: Reference Method Used:

Mid-Range Calibration Gas Mixture

Sample 1 __ppm
Sample 2 ppm
Sample 3 ppm
Average ppm

High-Range (span) Calibration Gas Mixture

Sample 1 __ppm
Sample 2 ppm
Sample 3 ppm
Average ppm
Data Sheet 6017-30
71

40CFRE60/ApPP. B
/1/717
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Figure B-10.

Test No.

PARTICULATE CALCULATION SHEET

Date

Box No.

Test Description

Sample Probe Position

Location

Test Crew

Dry Gas Meter Vol.
Final

Initial
Total

(£e3)

Impinger Water Vol (ml)

2

3

S. Gel Total

Final

Initial

A Vol

Beaker No.

Filter Blank
No. No.

Date
wWeighed

Tare

Wt.

1
2
3
4
5
6

Avag

Bottle No.

Impingerx

Content {(Water)

Probe
(Acetone)

Probe
(Water)

Cyclone
{Acetane)

Flask
{Dry)

Rinse {(ml)

Date Weighed
or 250 Bake

Final 1

Wt. 250 2

3

4

5

€

Avg

Residue wt
Final 250-Tare

Date Weighed
or 650 Bake

Final 1

Wt. 650 2

oMb iw

Avg

Residue Wt

Final 650-Tare

Comments:

72

Data Sheet 6002-3
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Figure B-ll.

KV B. INC. Test No.
STACK DATA Engr,
Nate Location Unit No. Fuel
Load Ké/hr or MBtu/hr Filter No.
Sample Box No. Meter Box No, Probe No. Probe Length
Filter Heater Setting Remarks
Probe Heater Setting Pinal M .
Stack Moisture % J inal Meter:
Ambient Temperature Op ai Initial Meter:
Nozzle Diameter in. iam.
Atmospheric Pressure in.Hg L
Weather
Stack Gas Pressure, Ps iwg
Abs. Stack Press., AP=P_+407= iwga
Stack Gas Sp. Gravity, gs n.d.
Stack Area, As ft2
Time Vm AP H
Meter | Vacuum | Pitot |Orfice | Stack Impinger Filter | Meter
Volume | Gage Tube |[Pressurq Temp. Temperature Box Temp.
Reading| Reading Pressur% Diff Temp.
Out In
(CF) (iwg) (iwg) (°F) (°F) (°F) (°F) (°F) (°F)
Total °p
Avg. °F
+ 460
Ts= R
73
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HP-67 XEYED CALCULATION SHEET®
Figure B-12. PARTICULATE EMISSION CALCULATIONS

Test No. Date Location Engr.

nit No. Fuel

Sampling Train and Method

Pitot Factor, Fs___ -83 Barometric Pressure, P in. Hg
bar (s o —
Tot. Liguid Collected, V1 ml Total Particulate, M m gm
_ cETo I N TsTO
Velocity Head, AP iwg Stack Temp., Ts °F stack Area, As ftz-
—{ST0 3T STO
Sample Volume, Vm ft3 Stack Press., Psg iwg Excess 0., XO_% %
ET0 6 (ST0 ) 2" 27510 8)
Orifice Press. Diff., H iwg, (Flue Gas Density/Air Density) @ Tg, Gs n.d.
(STO A)
Sample Time, 6 min Nozzle Dia., Dn in. Meter Temp., T oF
—5T0 B) ~{sTo C) BISTO D
Select Fe 0il (a) Gas (B) Coal (C)| Other:
sc Feet/10° Btu 92.2 87.4 98.2 ()
Press (E) if meter is not temperature compensated.
1. Sample Gas Volume Vmstd = 0.0334 Vm(Pbar + H/13.6) SCF
2. Water Vapor sztd = 0.0474 Vlc SCF
3. Moisture Content Bwo = Eq. 2/(Eq. 1 + Eq. 2) N.D.
4. Concentration a. C = 0.0154 M.n/Vmstd grains/DSCF
-6
b. C = 2,205 x 10 Mn/Vmstd —_— 1b/DSCF
c. C = Eq. 4b x 16.018 x 10° grams/DSCM
5. Abs. Stack Press. Ps = Pbar x 13.6 + Psg in. w abs.
6. Stack Gas Speed Vs = 174 Fs vVAPTs %gl X &égg ft/min
S30 Ps
7. Stack Gas Flow a. Osw = Eq. 6 X AS X = x —— WSCF/min
Ts 407
Rate @ 70°F
b. Qsd = Eg. 7a x (1. - Eq. 3) DSCF/min
8. Material Flow Ms = Eq. 7b x Eq. 4b x 60 1b/hr
9. 802 factor xozf = 2090/ (20.9 - 302%) N.D.
10. Emission a. E=Eq. 4b x Fe x Eq. 9 1b/MMBtu
b. E=Eq. 4c x Fm x Eg. 9 x 1000 ng/joule
1l. 8 Isokinetic {= 14077 x Ts‘vmstd + vwstd) .
O xVs x Ps x Dn2
«1f calculating by hand:
1) Convert Tg and Tm to °R
2) Multiply EQ 1 by 530/Tp(°R) if meter not temperature compensated.
3) Fy = 2.684 x 1073 x Fe 74 Data Sheet 6002-4

Revised 9/27/78
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XvB, Inc.
Figure B-13.

. VELOCITY TRAVERSE

T 2ject: Test Description:

Late:

Location: Stack Cross Section

Unit:

Test: . Personnel:

Fuel:

Barometric Press. (in. Hg):

Absolute Static Press. in Stack (in. Hg): (Pg)
Pitot Tube Coefficient: (cp)
TSAP 1/2
V. = 85.48 C v
S P PSMs )
s Velocity 0>
Traverse Point Head Gas Temp. Gas Temp. Molecular | Velocity Conc.
Time Port Depth (in. “20) (°F) (°R) wt. (ft/sec) (* Dry)
ap T§ Hs Vs

75 Data Sheet XVB 6002-13 KvB11-6015-122



Figure B-14.

KvBe

Test No. Date Location Unat No.

Fuel Fuel Sample lio, Fuel Sample Point

LIQUID OR SOLID FUEL CALCULATIONS

(£3 (CL REG), (f) \Pisn. {£) {CL REG), Load data card, then PGRM card (both sides)

*lnput wt V W

*Input HHV (Btu/lb} e (A]

*Input wt § C » (R/S)

*Input wt \ H « (R/S)

*Input wt A\ S ¢« (R/5)

*Input wt ¢ O . {R/S)
[

{R/S) = decimal point blinks after
pressing; item ¢1 dasplayed

1. Dry stoichaometrac moles flue gas/lb fuel = '
(One may proceed to items 9, 17, or 14 by pressing (f|{A), (E}, or
entering MW and pressing (B), respectively.)

*Input wt Hzo in fuel (0 1f none)

[{] 2. MNoles Hzo an flue gas/lb fuel

(R/S) J. Total moles of [lue gas (stoichiometrac)/lb fuel
(R/S} d. Dry volume/wet volume

(R/S) 5. Volume % uzo in flue gas

(R/S) 6. Volume co,, dry in flue gas

{R/S) 1. soz {ppm by vol.), dry at stocichiometric

(R/S) 8. RO (ppm by vol.), dry st stoichiometric

(1) (A) 9. Stoichiometrac air/fuel ratie (1b sar/lb fuel)

L L I I I I S I . L T R R A A T

(Before atems 10-16 may be determaned, items 1-9 must be completed.)
(D) « 20.95 daisplayed

*Ilnput measured vol. § 0, for 0, correction

w0 BN sy
(R/S) 11. Dry moles flue gas/ld fuel at o o,
(R/S) 12. Vol. co,. dry ac & o,

(R/5) 13. $0, (ppm by vel.) éry at o o,
(R/S) 14. NO (ppm by vol.) dry st % 0,

{R/S) 15. Vol. & H,0 at A O,

{R/S) 16. Percent Excess Air

{(decamal pt. blinks)

. B e e e E B e eee e e e e ee . e B eeEeEm e e e meEeE ES e ®E® m e S & e ®®wm e meomea =

(RCLI (2 (E) 17. Converts item 1 to SCF dry flue gas at stni:hllos Btu =

Item 18.

&. *lnput MW, (B), program calculates X (lb/lb‘ Btu » ppm/X)
(MW = 46 for NOx, CO = 28, HC = 16, SOx = 64)

1. *lnput measured ppm at 1% °z' dry, {R/S}. program calculates lbllbs Btu.
2. (Optaonal} No anput, (R/S), program converts 1b/10° Btu < ng/J
3. Repeat steps (1) and {2) as necessary.

b. *Enter next value of MW, complete step (a) followed by steps (1), (2), and
(3). Repeat for all spacias desired,

oy K for 1b/10% Bru
NOX 46
[~ 28
8Ox €4
*Indicates input is regquared Data Sheet 6015-19

Revised 7/6/78
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KVB

L

E&-2¢

Engineer

MONITOR PERFORMANCE TEST DATA SHEET

CALIBRATION ERROR DETERMINATION

Calibration Gas Mixture Data

Mid (50%) _49% ppm

High (90%) 274 ppm

P A~ "/ftra?énzey' - Jece Ser@s SO

Calibration Gas

Measurement System

Differences} Fpm

Run # Concentration, ppm Reading, ppm
1o i 0 o
2 K (20 12/ #/
3 2 Vi o o
M4 224 233 -/
S H /2o /2/ 7/
4 274 2324 )z
L4 Lo [/ '/
8 o 0 o o
S Lo 122 o
10 o ) 7. “4
1y 274 273 -/
12 47 W= 2/ 4/
LBy 2374 2323 -/
14 p o o Z
| 15 //. 3¢ 234 Q
Heocling omw O - P50 ppore Aompe wia Righ
Mean difference .7 b
Confidence interval +,5f + , 0%

2Absolute value

Calibration error =

Mean Difference2 + C.I.

Average Calibration Gas Concentration

X 100 /./3 8 D.S55%

1Calibration gas concentration - measurement system reading

78

Data Sheet 6017-31
40CFR60/App. B
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KVB

Engineer /‘

875

MONITOR PERFORMANCE TEST DATA SHEET

CALIBRATICN ERROR DETERMINATION

Oxygevt Amaly2er < Gochimwror ofe/ 7023

Calibration Gas Mixture Data

. % : %
Mid (50%) STgo ppm High (90%) _&#2 ppm

Calibration Gas

Measurement System

]

Dif ferences} PPm

Run # Concentration, ppm Reading, ppm

1z Ao Pero @l jwslnren! cw owalyler

2 M STz v 5/ # /

3o oA - -

sl 2.3 Z/ -2

>/ o 4.9 -7/

S# 232 g2 =/

7/ L2 o o

8 o 204 - -

4 o £/ v,/

10 » 204 — -—

11 4 92 2/ =2

22 7 S Ex-2 g

e 2.3 7/ -4

Ho V7. - —

15 & 4.3 4/ -2
Keacliwg &7 O - /@ Scale ’ )

Mid High
Mean difference .0k Jg
Confidence interval +. 04 F.05¢
Mean l)ifference2 + C.1I1.

Calibration error =

ICaIibration gas concentration - measurement system reading

2Absolute value

Average Calibration Gas Concentration

x 100 2.9 % 259 s

79

Data Sheet 6017-31
40CFR60/ApP. B
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\'}
K B Engineer Z

&-8-7
MONITOR PERFORMANCE TEST DATA SHEET
CALIBRATION ERROR DETERMINATION
Calibration Gas Mixture Data
: % : %
Mid (50%) /7,0 ppw High (90v) /28 pee-
€2 Awalpeer - Horba PIR-So00
- Ca.libration Gas Measurement System 1
Run # Concentration, ppm Reading, ppm Differences, ppm
1o o o o
2 M /o /o o
3 ¢ i o 2
4 /128 1729 o
S/ o /0 o
6 4 /28 22 o
T H V/7 Ao I
8 7 7 o 2
i .7 2 o
10 » e - &
1y /28 /28 o
12 4 /o 1o o
13y /28 /28 o
14 i . a
15 4f 28 /28 4
nga/,hf Ovrr O-Fo G Scarle. . .
Mid High
Mean difference 0 0
Confidence interval + p + ~

Mean D;i.fferem:e2 + C.I.
Average Calibration Gas Concentration

Calibration error = x 100 O % (o2 )

1C:alibraticm gas concentration - measurement system reading

2Ahsolm:e value

Data Sheet 6017-31
40CFR60/ApPp. B

/1771
KVB11-6015-1225
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SCZI-5T0S~-1TaAN

NO TECO Sexies |10

MONITOR PERFORMANCE TEST DATA SHEET Buening £ Havl
ZERO AND CALIBRATION DRIFT (2 HOUR) '3 /

Data Zero Span Calibration

Set Time Zero Drift Span Drift Drift

No. Begin | End Date Reading (AZero) Reading (Aspan) (Span-2Zero)

1 900 8-4-719 | 100 ppmv — 2. 3400,V — —

2 ) 103 3 242" y ] S

3 1300 o4 [ 24| —1 -2

4 1500 107 3 247 & 3

5 1700 e z 24¢ ] —1

6 1900 110 l 249 ] (&)

7 2100 106 -4 244 —1 3

8 2300 v loy -2 z2 44 —4 -2

9 900 3-1p-14 oo — 234 — —

10 Lioo j00 0 23¢ o (@)

1 1300 [01 I 236 z /

12 1500 Lol o, 237 [ I

13 1700 Ioi O 23¢ { {

14 1900 {00 —| 230 —2 — |

15 2100 (o} | 237 | o

16 2300 v 100 —| 236 —| o

17 400 2-1-19 100 — 234 — —

18 1160 v 100 o 239 4 4

19

20

Zero Drift = [Mean Zero Drift* _[,33 4+ CI (2Zero) _ 0,68 ) + [Span] x 100 = _.2073.
Calibration Drift = [Mean Span Drift* 2.2{7

*Absolute Value.

+ CI (Span) _ [, 24} *

5?‘&\ = 1000

(Span] x 100 =

-3S

Data Sheet 6017-33
40CFR60/App. B
3/26/79 (Rev. 1)




F4:

SCCT-STO9-TTEAN

Or Beckwan - 7003 \

MONITOR PERFORMANCE TEST DATA SHEET &‘m’g } ”ar‘r

ZERO AND CALIBRATION DRIFT (2 HOUR)
Data Zero Span Calibration
Set Time Zero Drift Span Drift Drift
No. Begin | End Date Reading (AZero) Reading (Aspan) {Span-Zero)
! 400 M_M%_Qmw 927wl % — Dhan Not Aroll,
2 1100 q.10 —.07 Ll
3 {300 Q.{0 —-. /0
4 1900 222 Wi 2
5 1700 9.20 —.02
6 {900 9.4 —~0pb
7 2.l0p 206 —.08
8 230 v 9..0 - 04
9 900 $-10-79 g.27 —
10 1100 2,45 .13
1 1300 225 —
12 /500 9.25 )
13 (700 9,275 ,02S
14 1900 9.25 —025
15 2(p0 9.%0 L5
16 2300 4 .50 0
17 900 3-1-19 2.27 —
18 £00 v v v 9.27 o 4
19
20 .

Zero Drift = [Mean Zero Drifts — + CI (Zero) — ] + [span] x 100 = ——r8 .
Calibration Drift = [Mean Span Drift* ,0 ZE:Z + CI (Span) .03k 1 + [Span] x 100 =0.f£6’2 .

*Absolute Value.

Spha = zs

Data Sheet 6017-33
40CFR60/App. B
3/26/79 (Rev. 1)




Co, Horiba-P1R 2000

MONITOR PERFORMANCE TEST DATA SHEET &Mig 4//454’
ZERO AND CALIBRATION DRIFT (2 HOUR)

£8

STTT-STOS-TT8AN

Data Zero Span Calibration
Set Time Zerxo Drift Span Drift Drift
No. Begin | End Date Reading (AZero) Reading {(Aspan) (Span-Zero}
1 900 3-9-719| 0.9% wl % — 128wl % S —
2 oo 0-4% J7) /% .z .2
3 1300 0.99 .0/ /% Ko, —. 0(
4 1500 2:99 o {2 o, o
5 (700 |00 Y, 19 o —.,0/
6 1900 094 —,0f /4 (o] . Of
? Zi00 0.9% —. 0l (79 —1 —.09
8 2300 v 1.00 L0 129 0 —, 0L
9 9on 3-10-719 | 0.9% — /2% — S
10 1100 105 07 (792 L O2 —, 05
1 1300 (02 .03 129 0% 05
12 1500 [.00 — o0z (22 —/ —0%
13 1700 L0Z 02 /2% Q —.02
14 1900 /00 —02 YA o) (02
15 2100 /.02 02 129 0 —. 02
16 2300 v /.00 —oz /129 (@) — 02
17 900 $-1-7 0.9 — 173 — _
18 oD 4 0.9% o 125 — 3 —,3
19
20

Zero Drift = (Mean Zero Drift* .0|7] + CI (Zero) _.04(_ ) * [Span] x 100 = 9,517 % .

Calibration Drift = ([Mean Span Drifts .053 + CI (Span) olo2 1 + [span] x 100 = O. ZZ\‘:TZ
*Absolute Value. P P"“‘ 206

Data Sheet 6017-33
40CFR60/AppP. B
3/26/79 (Rev. 1)




MONITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

NO TELO Seres [0

B

*Absolute Value

Date Zero Span Calibration

and Zero Drift Reading Drift

Time Reading (AZero) (After Zero Adjustment) {Aspan)
919 qaw 100 ’F“'/ — 234 IDPMV —
8-0-7¢ -1 oo o) 247 3
{-0-14 100 0 234 o
5 -12-74 _Joo o) 235 /
R-13-74 02 A 230 2.
51474 (00 o 239 v
g-15-19 102 2 237 3
e T 2z 233 |
Zero Drift = [Mean Zero Drift* 0.9 + C.I. (Zero) _ 0.99 ]

% [Instrument Span] x 100 = ©./9%.
Calibration Drift = [Mean Span Drift* 2.7/ + C.I. (Span) 2.49 ]

+ [Instrument Span] x 100 = _0.52%.

SPIM. = 000

40CFR60/ApP. B
/1777

KVB11-6015-1225




KVB

MONITOR PERFORMANCE TEST DATA SHEET

b’ueui.a /é//arT

ZERO AND CALIBRATION DRIFT (24-HOUR)

O, Beckmau, - 7003

Date Zero Span Calibration
and Zero Drift Reading Drift
Time Reading (AZero) (After Zero Adjustment) {Aspan)
skt el 927 vel % -
2.94 .33
10 l15 1ql
q'7 I43
.49 .2l
q9.33 1%
i’ qﬂ lZl
/ 9.40 213
Zero Drift = [Mean Zero Drift® ~— <+ C.1. (Zero) D |
% [Instrument Span] x 100 = ——
Calibration Drift = [Mean Span Drift* ,33 + C.I. (Span) .26 )
¢ [Instrument Span] x 100 = 2-39% .
*Absolute Value s?‘“ =2%

40CFR60/ApPP. B
85 7/1/77
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KVB

MONITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

co, //07"1‘54 - PIR 200

~ta_

ka‘i?&

Hrt

Da-te Zero Span Calibration
and Zero Drift Reading Drift
Time Reading {AZero) (After Zero Adjustment) (Aspan)
%+-9-24 Iam 099wl % — (28 ol% —
2-1p~19 0.11 —.0l /3. [ 23
S-4-79 Lol 03 2R (o)
4i2-M LX) 102 [7¢ —.7
-1%-19 [00 02 /7.9 |
4-i4-M [10 . [T 14.1 .3
31571 110 T /22 Q
879 ¥ LoD 0L /7.3 Q

+ [Instrument Span] x 100 = 0.45% .

+ [Instrument Span] x 100 = /.29$

*Absolute Value
Sp

Zero Drift = [Mean Zero Drift+* 05 + C.I. (Zero) .04T )

Calibration Drift = [Mean Span Drift* 129 + C.I. (Span) _ /2% )

= 20

86

40CFR60/APp. B
/1777
KVB11-6015-1225



KVB
Engineer ,{

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME FOR CONTINUOUS INSTRUMENTS
AO firslrerses @or?

Date of Test _& -5 -79
Span Gas Concentration _ I7¢ ppm

Analyzer Span Setting Lse ppm

1 77 seconds

Upscale 2 7/ seconds

3 7% seconds

Average upscale response 74.3 seconds

1 go seconds
Downscale 2 z 3 seconds
3 & 2 seconds

Average downscale response £2..3 seconds.

System average response time (slower time) = 823 seconds.

% deviation from slower _|average upscale mnus.average downscale x 1008 = .ZZ-
system average response slower time

Data Sheet 6017-35
87 40CFR60/ApPP. B
7/1/77

KVB11-6015-1225




KVB
Engineer é

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME FOR CONTINUOUS INSTRUMENTS
CO2  fiwslretisr St

Date of Test & -& -79
%
Span Gas Concentration 73 )=

, %
Analyzer Span Setting 2 ppar

1l éz seconds

Upscale 2 o seconds

3 7/ seconds

Average upscale response _4£4 7 seconds

1 yAS seconds
Downscale 2 74 seconds

3 Z z seconds

Average downscale response 7.2 .2 seconds.

System average response time (slower time) = 73 2 seconds.

% deviation from slower _|average upscale minus average downscale -
system average response [ slower time x 1008 = 49 .

Data Sheet 6017-35
88 40CFR60/AppP. B

/1/77
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KVB
Engineer /k .

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME FOR CONTINUOUS INSTRUMENTS
CCpr LJirstrerwrows

Date of Test &£ -& -79
%

Span Gas Concentration /7. & ppm
%
Analyzer Span Setting o ppar
1 94" seconds
Upscale 2 47 _seconds

3 __ 92 seconds

Average upscale response zi 7 seconds

1 &7 seconds

Downscale 2 94~ seconds

3 seconds

Average downscale response Zé Z seconds.

System average response time (slower time) = ¢4. 7 __seconds.

% deviation from slower =[awerage upscale minus.average downscale] x 100% = 3 ,;
system average response slower time

Data Sheet 6017-35
40CFR60/App. B
7/1/77
KVB11-6015-1225
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GZC¢I-STO9-TTdAN

MONITOR PERFORMANCE TEST DATA SHEET

ACCURACY DETERMINATION (Nox) Engineer sl HART
Reference Method Samples o
Date Nox Nox “ox N('J’l Sample | Analyzer 1-Hour plfference
Test and Sample 1 Sample 2 Sample 3 Average Average (pp:())' (ppm) NO
No. Time | , (pem) 223 pey | BP0y | 0a80P L | @sno Ry X | @ 3% 0vpad
€-1-14
1 /30 #33 432 40/ 422 393 24
3-4-19
2 1230 493 483 499 49 441 25
e-d4-79
3 1330 495 495 449 480 430 é
f-10-179
4 1430 574 454 #40 474 41 z
$-1-79
> 1530 #57 447 459 Jel 49p 2] T
8-I-11 .
6 120 493 445 ad) 461 464 s| O
]-1-7
7 1730 519 sy 482 504 475 29
t-11-11
® 1830 431 495 513 493 513 /15
4--19
? 1430 473 454 470 4ol 530 ¢4
Mean reference method Mean of
test value (Nox, jf74 the differences ZL
95% confidence intervals = + /4395  ppm (NO,)
Mean of the differences + 95% confidence interval
Accuracies = Mean reference method value x 100 = .77 A (Nox)
* Explain and report method used to determine integrated averages

Data Sheet 6017-32

4A0CFR60/App. B

/1777
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STTT-STO9-TTaAN

MONITOR PERFORMANCE TEST DATA SHEET

Accuracies =

95% Confidence intervals = +

test value (Non)

(Nox)

Mean of the differences + 95% confidence interval

Mean reference method value

* Explain and report method used to determine integrated averages

ACCURACY DETERMINATION (Noxl Engine_e L M AART
m —
Reference Method Samples
Date NOx Nox "ox NOx Sample | Analyzer 1l-Hour Difference
Test and Sample 1 Sample 2 Sample 3 Average Average 'png. (ppm) NO
No. Time @ 3 !hppﬂnr'-’| DRY Qég pQT-,I sz ‘2 slpﬁ'yulm¥ ﬂ ig pﬂmz)' DRy é 2% O, ngt ;’Q& af. befx
§=-10.19
1 430 439 427 oS “Y2e 106 - /¢ |
9-12-19
2 9z yihi 34¢ 370 3289 383 ¢
?-w-11
3 o R s /3 /3 “po />
4 e Air keak 2w Sample 334 339 27% 6!
9-1-1
5 1230 3¢2 350 263 352 332 2.0
4-10-1% .
6 /3% 341 367 357 248 359 7
7 ¥R
L 39z 374 387 384 375 1
- 10-79
8 /530 379 245 3%6 383 ﬁQf 2¢
§-10-1 _
9 130 03 /37 39) %/L 37% < 7
Mean reference method Mean of
38s the differences 27

x 100 = 9.4/7 _© (NOx)

Data Sheet 6017-~32

/1717

40CFR60/App. B
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App.B

PERrosuMance EPECUICATION J—PIRrFoEMANCE
SPL 2 {s} D BVICLFICATION TRST PRO-
CIDURES pOR MONTIOLS OF 80+ AND NOx
FR0M STATIONARY SOURCES

1. Principle and Applicabdliity.

11 Principle The conceatrstion of sulfar
dloxide or oxides of nitrogen pollutants In
stack emissions is measured by s conttnu-
pualy opersting emjasion tmeasurement sys-
tem. Concurrent with operation of the con-
tinuous tmonitoritg sysiem, the pollutant
copcentrations are 1is0 measured with refer-
epce methods (Appendiz A). AD average of
the continuous monitoring systemm data {8
computed for esch reference method testing
period and compared to determine the rela-
tive accuracy of the continuous monitoring
system Other terts of the continuous mon-
itoring system are slso performed to deoter-
mine calibration ervor, dArift, and response
characteriatics of the sywtem.

12 Applicabliity. This performance spec
i8cation {s applicable to evalustion of con-
tinuous monitoring systems for measurement
of nitrogen orides or sulfur dioxide poliu-
tants. These specifications contaln test pro-
cedures, jnstallation requirements. and data
computation procedures for evaluating the
scceptabllity of the continuous monitoring
systems.

3. Apparstus,

3.1 Calibration Oss Mistures. Mirtures of
known concentrstions of pollutant gas fn &
dijuent gas adall bo prepared. The pollutant
Bas shsll be sulfur dioxide or the appropriste
oxide(s) of nitrogen specified by parsgraph
8 and within subparts. Por sulfur ¢loxide gas
mirtures, the dliuest gus may be aif OF Ritro-
gen. For nitric oxide {NO) gus mixtures, the
@luent gas aball be oxygen-free (<10 ppm)
nitrogen, and for nitrogen dioxide (NO,) gas
mirtures the diluent gas shall be alr. Concen-
trations of approximately 60 percent and 90
percent of span are required The 90 percent
ges mixture {s used to set and to cheek the
pan and 13 referred to a8 the FpaDn gus.

22 Zero Oat A gas certified by the manu.
facturer to contaln less than 1 ppm of the
poliutazt gas or ambdient air may be used,

23 Equipment for messuremest of the pol-
lutant gas concentration using the reference
method specifed 1n the applicadble standard,

24 Data Recorder. Anslog chart recorder
or other suitable device with taput voltage
renge compatible with analyzer system oute
put. The resolution of the recorder's data
output aball be sufiicient to allow completion
of the test procedures within this spectd.
cation.

28 Continuous monitoring system for 8O,
O NO, poliutants as applicable.

8. Definitions.

8.1 Continuows Monitoring Syvtern. The
total equipment required for the determina-
tion of s pollutast gas concentration {n a
source effuent. Continuous monitoring eve-
tems conaint of mafor subsyrtemms as follows:

3.1.1 Bampling Interface That portion of
4D extractive continuous monitoring syFtem
that performa one or more of the following

93

Title 40—Protection of Environment

operations: Acquisition transportation, and
conditioning of a sample of the source efu.
ent or that portion of 4o in-situ continuous
monitoring sysiemm that protects Lhe analyzer
from the eMuent.

3.12 Analyzer. That portion of the con-
tinuous monjtoring systern which senses the
pollutant gas and generates a signal output
that i3 a fupction of ihe poliutant eoncen-
tration.

3.13 Data Recorder. That portion of the
contisuous monitoring system that provides
& permanent record of the cutput sigaal Lo
terms of concentration units,

32 Span. The value of pollutant eoncen-
tration at which the continucus monitor-
ing system 1s set Lo produce the maximum
data display output. The span aball be set
at the concentration specifed (n esch appli-
cable sudpart.

83 Accuracy (Relative). The degree of
correctuess with which the continuous
monitoring syitem yields the value of gas
concentration Of s sample relative to the
value given by a defined reference method
‘This sccuracy 18 expressed in terms of error,
which s the difference between the patred
econcentration messurersents expressed as a
percentage of the mean reference value,

3 4 Calibration Error. The Qlfference be-
tween the polintant concentration indl-
cated by the continuous monitoring system
and the known oconcentration of the test
gss mixture,

3 5 Zero Drift. The change in the continu-
ous monitering system cutput over & stated
period of time of normal continuous opera-
tion when the pollutant concentration st
the time for the measurementa is gero.

30 Callbration Dritt, The change in the
continuous monitoring system output over
a stated time period of normal continueous
operstions when the pollutant concentra-
tion at the time Of the messurementa is the
same known upscale value

8.7 Response Time. The time interval

.from a step change in poliutant conoentra-

tion st the Input to the continuous moni-
toring system W the time 3t which 05 per-
cent of the corresponding fipal walue is
resched a» displayed o2 the continuous
monitoring syrtem data recorder.

3.8 Operational Period. A minimum period
©of time over which a measurement system
is expected to operate within certain per-
formance aspecifications without tnsched-
uled maintenance, repair, or sdjustment.

3.9 Btratication A condition identified
by » difference i escess of 10 percent be-
tween the average concentration in the duct
or stack and the concentration at any point
more than 1.0 meter from the duct or stack
wall.

4. Installation 8pecifications. Pollutant
contipuous monitoring aystems (BO, and
NO,) shall be jnstalled at & sampling locs-
tion where measurements can be made which
are directly representative (4.1), or which
can be corrected so as 1o be representative
{42) of the total emisaions from the aflected

KvB11-6015-1225
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facility. Conformance with this requirement
shall be accomplished sa follows:

4.1 EMuent gases may be sssumed o be
noostratified i & sampiing location eight or
mote stack dlameters (equivalent dlameters)
downstream of any alr in-leakage 15 so-
{ected. This assumption and dats correction
procedures under paragraph 42.1 may not
be sapplied 10 sampling locations upstream
of an air prehester in & steam genersting
facility upder Bubpart D of thls part. For
sampling locations wbere efiuent gasey are
either demonstrated (43) or may be as-
sumed t0 be nonstratified (eight dismetern),
a point {extractive aysterns) or path (In-situ
systems) of aversge concentration may be
monitored.

42 For sampling locations where effiuent
gases cannot be assumed to be nonatrati-
fied (1eas thap eight dlameters) or have been
shown undes paragraph 43 to be stratified,
results obtained must be consisleatly repre-
sentative (0.8 & polnt of srersge concentra-
ting may shift with losd chsnges) or the
dats generated by sampling at a poiat (ex-
tractive systems) or acros: & Path {in-aitu
systems] must be corrected (42.1 and ¢23)
g0 as to be representative of the total emige
sions from the afected factlity. Conforme
ance with this requiremeat may be sccom-
plished 1o elther of the following ways:

43.1 Installation of & €iluent continuous
monitoring system (O, or CO, as epplicadls)
in accordance with the procedures under
paragraph 4.3 of Performance Specificstion
3 of this appendiz. If the pollutaat sad
dUuent monitoring systems are oot of the

App.B

same {ype (both estractive or both in-situ),
the extractive system must use & muwitipolnt
probe.

€22 Inatallation of ertractive pollutant
monitoripg systems usicg Multipoint aam-
pling probes or 1n-situ pollutant monltoring
systems that sample or view emlasions which
sre consistently representative of the total
emlissions for the entire cross sectivn. The
Admisistrator may require data to be sub-
mitted to demonstrate thal the emissions
ssmpled pr viewed are consistently repre.
sentative for several typical facility process
operating conditiona.

43 The downer or operstcr may perform s
treverse to characterize sny atratification of
tSuezt gases that might exint in a stack or
duct If po stratification (s present, sampling
procedures under paragraph 41 may be ap-
plied ever though the eight dlameter cTiteria
is Dot met.

4.4 When siogle peint sampling prodbes for
ertractive systems are {nstafled within the
stack or duct under parsgraphs 4.1 snd 42.1,
the sample may nol be extracted at any polnt
less than 1.0 meter from the stack or duct
wall. Multipoint sampling probdes ipstalled
under parsgraph 422 may be located at any
polots necessary to obtain consistently rep-
reazntative samples.

8. Coptinyous Monitoring Srrtern Per-

AN cifications

The coptlnupus mODTRring system Bhall
meet the performance speciiicstions o Table
2-1 to be considered sccedtadle under thls
method.

Tantz 2-1.—Performance specifications

Poander Specificalion
1. Acvarscy ! €20 pet of the mean valoe of the refervnce method test
W

2 Calibndog esvor !, ss‘rcl of ssch (30 pet, 3 pet) calibratos gas mirtere
raJue

L Zerodrift 2M! 2 pet of pan

& Zero AR ML Do.

8. Cellbratiop drtlt (2 b) 0, Do.

8 Calibratiop drift (24 b) 1 2.5 peL. of

7. Response time, 15 min madimom,

& Openatonal pariod 18 h minimam.

| Expressed as sum of sbaoluts tean value plas 85 pet comdencel ttarval of 8 saries of wasta.

8. Pertormance 8pecification Test Prooe-
dures. The following test procedures sball be
uted %0 detlermine conformance with the
requirements ©of paragraph 8 Tor NO« an-
alyzers that oxidize nitric oxide (NO) to
altroges dloxide (NO,). the reaponse time
test under patagraph 43 of Lhls method aball
be performed uminpg nitric oxide (NQ) span
gsa Other tests for NO. continuous onjlor-
fog systems under paragrapha 8.1 and 03 and
all tests for salfur dioxide systema shall be
performed usiag the poliutant span gas spe=
cified DY esch Fubpart.

'8 1 Calibration Error Test Procedure. Bet
up apd calibrate the complete coniinuous
monltoring system accordiag to the manu-
facturer's written Instructions This may be
steompiiabed tither in the labomtory or 1o
the Qeld.

+8.1) Calibration Oas Asnayses. Triplicate
analyses of the gas mirtures tball be per-
formed within two weeks prior to use using
Reference Methods 8 for BO, and 7 for NO.
Analyze each calibration ges mirture (30%,
90% } and record the Tesults on the esample
sheel shown in Pigure 3-1. Each saxpio temt
result must be within 20 percent of the aver-
sged result or the festa aball be repested.
Th!1 step may be omitted for non-grtractive
monitors where dynamie ealibration gas mix-
tures are not used (8.1.2).

813 Callbration Error Test Procedure.
Make & total of 15 nenconsecutive messure-
ments by alternately using sero gas and each
ealibration get mjxture conceptration (ef.
ov..,ao-;.. 0%, 0%, 50%. 0%, BO%, D¢,
te.). Forponertracivr TUITTUvTT-svositar -

P AT M INIR Lasi-proeeduin- 0l par -
Srmed-by nXRE L¥O-¥-INOTe LAMLTALIOR L3S
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cells whose concentrstions are certified by
the mapufacturer to be funciiocally equiva-
lent to these gas concentrations Coovert the
continuous monitoring sysiem output read-
Ings 0 ppm and record the results op the
example sheet shown in Figure 2-2.

63 Pleld Test for Accurucy (Relative),
Zero Drut, and Calldration Drift. Install and
operate the continuous monitoring system in
sccordance with the mapufscturer’s written
{nstructions and drawings as follows:

62.1 Conditioning Period. Ofset the zero
setting st least 10 percent of the span =0
that pegstive zero drift can be quantified.
Operate the system for an initial 168-hour
conditioning period in bormal opersting
msanner.

622 Operational Test Period Operate the
continuous monitoring sysiem for an addl-
tional 168-hour period retaining the gero
offset. The system sbsll monitor the source
effiuent at all times except when being
zeroed, calibrated, or backpurged.

634.1 <3 . for Acs
Por continuous monitoring systems employ.
ing extractive sampling. the probe tip for the
continuous monitoring system and the probe
tip for the Reference Method sampling trsin
should be placed at adjacent locations in the
duct. For NO, continuous monitoring sys-
tems, make 37 NO; concentration measure-
menta, divided {nto nioe sets, using the ap-
plicable reference method. No more than one
set of tests, consisting 0f three ipdividual
measurements, shall be performed (n any
one hour. All individual messurements of
each set ahall be performed concurrently,
or within s three-minute {nterval and the
results aversged. For BO, continuous moni-
toring systems, make nine 5O, concentration
measurernernis using the applicable reference
method. No more than oane measurement
sball be performed in any oae bour. Record
the reference method test data 4Dd the conhe
tinuous monitoring system concentrations
g:-:’ the example data sheet ahown in Figure

€222 Pield Test for Zero Drift and Call-
bration Drift. For extractive syrtems, deter-
mine the valuas given Dy zero and span gus
pollutant concentrations at two-hour inters
vals untU 15 eets of data are obtainad. Por
-a (57 ze
walus_may be-ds y
producing s gsro-condition~4bat-proxides -
SyRtem cheek of the analysar-internal-mtyfors
and_all- ¢lactrdnlrcircurtry. including. the
sadiatiopn_sQurca.and-detector—assembly-ar
by-—insertin ore—calibration gua
pells and computing the rero polnt from the
VpscAls-Lnsasurements, If—tiriyr-istter-tach-
Qque s _used s graph (s)-nust -De-retained
by-the owner Or-operstor 10T SaCh MeABUTes
‘ment system that shows the relationabip dee~
tween—Lhe -upscale “menswEmenta—and the
£8ro poilnt. ITne span of -the system shall de
ebecked by using a_callbration gas oell-eer-
tified_hy_ths manufscturer—£o-be function-
ally equivalent-t0-50 percent of span concen—
4ration. Record the zero and span measure-
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ments (or the computed zero drift) on the
example data sheet shown in Figure 3-4
The two-hour periods over which measure-
ments are conducted peed nol be consecutive
but may not overlap. All messurements ro-
Quired under this paragrapb may be ton-
Gucted coocurrent with iesta under pars-
graph 623.1.

6223 Adjustments Zero and callbratign
corrections and ad -\ ed sl
z&_ -Tioul_{ptervals or at such shorter in-

rvals &8 the mADufacturer’s written in-
structions speclfy Automatic corrections
made by ths measurement system without
operswor intervention or injtiation are allow-
able at any time. During the entire 168-hour
operational test period, record on the ax-
ample sheet shown in Figure 3-5 the values
given by zero and span gas pollutant con-
centrations before and after sdjustment at
24-hour intervala.

63 Field Test for Response Time.

63.1 Bcope of Test. Use the entire continu.
ous monitoring system as instalied, {ncluding
sample transpert llnes U used Flow rates,
line diameters, pumping rates, pressures (do
not allow the pressurized calibration gas to
change the normal operating pressure in the
sample line), ete., ahall be st the nominal
values for normal operatios as specified in
the manufacturer’s written instructions. i
the analyzer is used to sample more than one
pollutant source (stack), repeat this test for
each sampling point.

6.32 Response Time Test -Procedure. In-
troduce zero gas into the cootinuous tnoni-
wring system sampling interface or as close
to the sampling interface as possidle When
the gystemn output reading bas stabilized.
switeh quickly to a known concentration of
pollutant gas. Record the time from concen-
tration switching to 83 percent of Anal stable
response Por non-extractive monitors, the
highest available callbration gas concentra-
tion sball be switched {nto and out of the
sample path and response times recorded
Perform this test sequepce three (8) fimes

311 e results of each test obn the
ezample sheet shown in Pigure 3-8,

7. Calculations, Data Analysia and Report-
ing.

7.1 Procedure for determination of mean
values and confidence intervals.

: 1.1.1 The mean wvalue of s dats set b
calculated according to0 equation 3-1.

l k ;]
L LD
#9=1 " Equation 2-1
where:
/= 1ute value of the measuramenta,

X=sum of the indiridual values,

g=mesn value, and

D =3purmber of data points.

733 The 85 percent confidence interves!
(two-sided) is calenlated according to equa-

ton 3-2:
tm
C.le=—== Va(Zz7) - (Zxip
e Equation 2-2
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where:
Zx,=sum of all data points,
t .,.=L.—¢I2, and
C.l.u=95 percent econfidence interval
estimate of the average menn
value.
Values for %975

The values Iin this table are already cor-
rected for n-1 degrees of freedom. Use B
equal to the number Of samples as data
poiats.

73 Data Analysls and Reporting.

72.1 Accuracy (Relative). For each of the
nloe reference method test points, determine
the aversge poliutant concentration reported
by the continuous monitoring system. Thess
average concentrations ahall be determined
from the contipuous monitoring system data
tecorded under 7232 by integrating or aver-
sgiag the pollutant concentrations over each
of the time iatervals concurrent with each
reference method festing period. Before pro-
cerding to the pext step, determine the basis
(wet or dry) of tke continuows monitoring
system dats and reference method test data
concentrations. If ide Dases are not come
sistent, apply s fopisture correction to either
reference method concentrations or the con-
tiduous INORNItoOring system concestrations
as appropriste. Determine the correction
fsctor by molsture tests concurrent with the
reference method testing periods. Report the
molsture test method and the correction pro-
cedure employed. Por each of the nine test
runs determine the diference for each test
run by subtracting the respective reference
method test conceatrstions (use average of
esch set Of three messurements for NOu)
{rom the continucus moaltoring system inte-
grated or averaged concenirations. Using
ibese data, compute the mean difference and
the 95 percent confidence interval of the dif-
ferences (equattons 3-1 and 3-2). Accursey
is reported as the sum of the absolute value
of the mean difierence and the 95 percent
confidence interval of the dAifferences ex-
preased a8 a percantage of the mean refer-
spce method value. Use the example abeet

own in Pigure 2-3,

723 Calibration Evor. Dsing the data
from paragraph 8.1, subtract the measured
poliutant conceatrstion determined under
paragraph 8.1.1 (Figure 2-1) from the value
sbown by the continucus monitaring systam
for sach ©f the five readings at sach oons
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centration measured under 6 13 (Pigure 3-3).
Calculate tbhe mean of these diference values
and the 95 percent confidence Intervals ac-
eording to equstions 2-1 and 2-2 Report the
calibration error (ihe sum of the sbsolute
value of the mean diference and the §5 per-
cent confidence interval) as a percestage of
each respective calibration gas concentra-
tlon. Use example sbeet shown 1o Pigure 3-2,

7238 Zero Drift (2-bour). Using the gero
concentraticn values measured each two
hours during the field test, calculate the dif-
ferences between consecutive two-hour reade
fogs expressed in ppm Calculate the mean
differences and the confidence interval using
equations 2-1 and 2-2 Report the zero drift
as the sum of the sbsolute mean value and.
the confidence interval as s percentage of
span. Use example sheet shown 1o Pigure
a-4.
734 Zero Drift (24-bour). Using Lhe zero
concentration values measured every 24
Bours during the field test, calculate the dif-
ferepces between the zero polnt afier gero
adjustment and the zero value 3¢ hours iater
Just pricr to zero sdjustmest. Calculats the
mean value of these points and ths ccnf-
dence intervel using equations 3-i and 2-3
Report the zero drift (the sum of the abso-
lute mean and confidence Loterval) as & per-
centage of span. Use example theet shown in
Fgure 2-8.

735 Calibration Drift (2-hour). Using
the callbration values obtained at two-hour
fntervals during the fleld test, calcnlate the
differeaces between consecutive two-hour
readings expressed as ppm. These values
should be corrected for the corresponding
zero drift during that two-hour period. Cal-
culate the mean and confidence interval of
these corrected difference values using equa-
tions 2-1 and 2-2, Do not use the diflerences
betweea non-consecutive readings. Report
the calidration drift as the sum of the abso-
lute tmean and confidence interval as s per-
centage of span. Use example sheet showa in
in Figure 3-4.

92.8 Callbration Drift (3¢-bour). Ualng
the ealidration values messured every 34
bours during the field test, calculate the dif-
ferences between the calibration concentra-
tion resding afier gero and calfbration ad-
fustment, and the calibration concertration
resding 24 hours lster after gero adjustment
but before calibration sdjustment. Calculats
thes mean valus of these differences and the
confidence intervel using equations 3-1 snd
3-2. Report the calibration drift (the sum of
ths absolute mean and confidence interval)
a8 & percentage of tpan. Use the example
sheet shown in Pigure 2-6.

7471 BResponse Time. Using the charta
from paragraph €3, calculate the time inter-
val from concentration switching to 95 per~
cent to the Anal atabla value for ali upscale
and downscale testa. Report the mean of the
three uUpscale test times and the mean of the
three downscale test times. The two avers
age times ahould not difier by more than 15
percent of the alowser time. Report the alowsr
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time as the syslem response time Use the ox-
ampls gheet chown In Figure 3-48.

73.8 Operational Test Period. During the
186-bour performance ancd operationsl tost
pericd, the continuous monlloring system
shall pot require any corrective malnteasnce,
yepair, replacement, or adjustment other than
that clearly specified as required in the op-
eration snd malntenance roaDUAls as routine
and expected during & one-weaek period. If
the contipuous monitoring syster operates
within the specified performsance paratneLers
and does Dot require corTective alntenance,
r:pair, replacement or adjustment otber than
as 8pecified sbove during the 188-hour test
period, the operstional period will be success=
fully concluded. Fallure of Lhe contiouous
mouaitoring system to meet this requirement
ahall call Tor & repetition of the 168-bour test
period. Portions of the test which wers satis-
factorily completed Deed not be repeated.
Pallure to meet any performance specifica-
tions shall call for a repetition of the one-
week performance test period and that pore
tion of the testing which i related to the
faled specification All malntenance spd ad-
fustments required shall be recorded. Oute
put readings sball be recorded belcrs and
after all adjustments.

8. References.

8.1 “Monitoring Instrumesntation far the
Measurement of Bulfur Dioxide In Stationary
Bourcs Emissions,” Environmential Protsction
Agency, Research Triangle Park, N.O, Pebd-
ruary 1974.
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82 ‘“Ipstrumeststion for the Determina.
tion of Nitrogen Oxides Content of 8tatlon.
Aty Source Emlsions,” Environmental Pro.
tection Agency, Resesrch Triangle Park, N.C.
Volume 1, APTD-0B847, October 1071; Voi-
ume 2. APTD-0942, Japuary 1972

83 "Experimental Statistics.” Department
of Commerce, Handbook B1, 1983, pp. 3-31,
paragrapbs $=3.1.4.

84 "“Performanoe Specifications for Eta-
tionary-Source Monitoring Eystems for Gsses
and Visidle Emissions,” Environmental Pro-
tection Agency, Research Triangle Park, N.C,
EPA-050/3-714=013, January 1076
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Calibratfon Gas Mixture Data (From Figure 2.1)
| Hfd (50%) pee High (90%) ppa
) Calibration fuas Measurement System 1
[Run ¢ _ Concentration,ppm Reading, ppn Differences,” ppa
1 . .
2
T’._
4
)
le
7
8
9
10
11
12
13
14
1§

Hid HKigh
ﬁﬂnn difference omnn
Confidence {nterval . 14 &

- Mean Difference” ¢ C.1,
Calibration error Average Calibration Gas Concentration ~ * 100 : 1 $
——
Calibration gas concentration - measyrement systea resding
sz!ute value

Figure 2-2, Calfbratfon Error Determinmation
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Date Zero Span Calibration
and Zero Drift Reading Drift
Time Reading {aZero) (After zero adjustment) (aSpan}

Zero Drift = [Mean Zero Drifte + C.1. (Zero) ]
¢ Tlnstrument Span] x 100 = .

Calfbration Drift = [Mean Span Drifte + C.1. (Span) ]
¢ [Instrument Span) x 100 = .

* Absolute value

Figure 2-8. Zerv and Calibration Drift (24-hour)
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Date of Test

Span Gas Concentration ppe
Analyzer Span Setting ppm

Upscale 2

Downscale 2

Tdeviation from slower

Y ____seconds
seconds
3 seconds

Average upscale respome

1 seconds
seconds

3 seconds
Averige downscale response

System aversge response time (slower time) »

seconds

seconds,

system aversge response

o |averaoe upscale minus averige downscale
[ sTower time ] 205

Figure 2-6.

Perfo S—"Performance
specilications and specification test proce-
dures for moultars of OO, and O, ram sta-
tionary sources.

1, Principle a2d Applicsdility.

11 Principle. Effuent gases are coatinue
ously sampled and sre anslyzed for carbon
dioxide or orygen by a contiouous monitors
ing system. Tests of the system are performed
during » miaimum operating period to deter-
mine gero Arif:, calibration &rift, and re-
sponse time characteristics.

13 Applicadility. This performance speci-
fication 1s applicadbie to evaluation of con-
tioyous monitoring systems 10T measurement
of cardon dioxide or oxygen. These specifica-
tions contaln test procedures, installation re-
Quirements, and data computation proce-
dures for evaluating the acceptadbllity of the
oontinuous monitoring systems mubject o
approval by the Administrator. Bampling
may include either extractive or non-extrac-
tive (in-situ) procedures.

2. Appanstus.

21 Contiouous Monitoring System for
Carbon Dioxide or Ozygen.

23 Calibration Oas Mirtures. Mixture of
known concentrations of carbon dioxide or
oxygen in nitrogen or air. Midrange and 990
percent of span carbon dioxide or oxygen
concentrations are required. The 90 percent
©f span gus muxture is to be used to set and
check the analyzer span and i3 referred to

and -

Response Time

A8 span gas. For oxygen analyzers, if the
span s higber than 31 percent O, smbieat
alr may be used In place of the 90 percent of
span calibration gag mixture. Triplicate
analyses of the gas mixture (except ambient
alr) shall be performed within two weeks
prior to use uaing Reference Method 8 of

‘this part.

2.3 Zero Gas. A pus containing less than 100
PPm of carbon diozide or oxygen.

24 Data Recorder. Analog chart recorder
or other suitadle device with input voltage
range compatidle with analyzer systam out-
put. The resolution of the recorder’s data
output shall be suficlent {0 allow completion
©f the test procedures within this gpecifica-
tion.

8. Definitions.

8.1 Continuous Monitoring Bystem. The
total equipment required for the determina-
tion of cardbon dioxide or oxygen i s given
source efiuent. The system conaists of three
major subsystema:

8.1.1 Sampling Interface. That portion of
the continuous monitoring system that per-
forms one or more of the following opers-
tions: Delineation, scquisition, transporia-
tion, and conditioning of a smmple af the
source efiuent or protection of the analywer
from the hostile aspects of the sample of
source environment.

101
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8132 Analyzer. That portion of the con-
tinuous monitoring system which senses the
pollutant gas and generates » sigoal output
that {s a function of the pollutant concen-
tration.

8.13 Dats Recorder. That portion of the
contlouous monitoring sysem that provides
s permanent record of the output sigoal 1o
terms of concentration units.

32 Span. The value of oxygen or carbon ai-
oxide concentration at which the continuous
monitoring system 13 set that producas the
maximum data display output. For the pure
poses of this method, the span aball be set
0o Jess than 1.5 t0 3.5 times the normal care
bon dioxide or normal oxyged concentrstion
in the stack gas of the affected facility.

83 Midrange. The value of 0Xygen Or care
bon dioxide concentration that {s represettae
tive of the normal conditions in the stack
gas of the affected facility at typical operat-
ing rates.

8.4 Zero Drift. The change {z the contin-
uous monitoring system output over & stated
period of time of normal continuous opera-
tion when the carbon dioxide or oXygen coD-
ceptration at the time for the measurements
i3 gero.

85 Calibration Drift. The change in the
continuous monitoring system output over a
stated time period 0f normal continuous ope
eration when the carbon dioxide or oxygen
continuous monitoring system is measuring
the cohoentration of spAR gas.

8.8 Operational Test Period. A minimum
period of time over waich the coantinuous
moaitoring system s expectad to operaste
within certaln performance specifications
without unscheduled maintesance, repalr, o7
sdjustment.

3.7 Response tiume. The tims interval from
a step change in concentrstion st the input
%o the continucus monitoring system to the
time at which 95 percent of the correspond-
ing 8nal value {5 displayed on the continuous
moaitoring rystem data recordsr.

4. Installation Specification.

Oxygen or cardbon dioxide continucus moae
itoring systams sball be instalied at & loca-
tion where measurementa are directly repre=
sentative of the total effiuent from the
affected facility or representative of the same
eSuent sampled by a 80, or NQ, continuous
moaitoring system. This requirement aball
be complied with by use of applicadle re-
Quirements in Performancs Specification 3 of
this appendiz aa follows:

4.1 Installation of Oxygen or Carbon Die-
oxide Contfauous Moanitoring Systams Not
Used to Convert Poliutant Data. A sampling
location shall be selected in accordance with
the procedures under paragraphs ¢3.1 or
433, or Performance Bpecification £ of &his
sppendix

43 Installation of Oxygen or Oarban Di-
oxide Continuous Monitoring Systems Used
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to Convert Pollutant Continuous Moaitoring
Bystem Data to Units of Applicable Bland-
ards. The dlluent coptinuocus monitoring sys-
tem (oxygen or carbon dioxide) shall de in-
stalled at a sampling location where measures
meots that can be made are representative of
the effuent gases sampled by Lhe poliutant
continuous monitoring system(s). Conform-
ance with this requirement may be accom-
plished in any of the following ways:

43.1 The sampling location for the dlluent
systern aball be near the sampling location for
the pollutant contiouous monitoring system
such that the same approrimate point(s)
(extractive systems) or psth (in-situ sys-
tems) in the cross section ia sampled or
viowed.

422 The diluent and pollutant continuous
mogaitoring sysiems may be installed at dif-
ferent locations i the e@uent gases at both
sampling locations are nonstratified as deter=
mined under paragraphs 4.1 or ¢8, Perform-
ance Specification 2 of this appendix and
there 1s no Ln-leakage occurring between the
two sampling jocations. If the efiuent gases
are stratified at eitber location, the proce-
dures under paragraph 433, Performanoce
Bpecification 3 of this appendix ahall ba used
for installing continuous monitoring systams
at that loestion.

8. Continuous Mon{toring Bystem Perfarme=
anoce Bpecifications.

The continuous monitoring system ahall
meet the performance specifications in Tabdle
8-1 to be considered acceptable under this
taethod.

o 6. Performance Bpecification Test Prooce-
ures.

The following test procedures shall be used
to determine conformance with the require-
menta of paragraph €. Due to the wide varia-
tion existing in analyrer designs and princi.
ples of operation, these procedures are not
applicadle to all analyrers. Where this occurs,
alternative procedures, subject to ths sp-
proval of the Administrator, may be em.
ployed. Any such alternative procedures must
fulsill the same purposss (verify response,
drift, and accuracy) as the following proce-
dures, and must clearly demonstrate eon-
formance with specifications Lo Table $-1.

€.1 Calibration Check. Estadbliah o calidra-
tion curve for the continuous monitoring
system using gero, midrange. and epan oon.
centration gas mirtures. Verify that the re-
sultant curve of analyrver compared
with the calitration gas value is consistemt
with ths expected response curve as described
by the snalyrer masufacturer. If the =x-
pectad response curve s not produced, sddi-
tional calidration gus messurements ahall
be made, or sdditional steps undertaken to
verify the accurscy of the response curve of
the analyzer.

83 Pield Test for Zero Drift and Call-
bration Drift. Install and operate ths ocon-
tinuous moastoring system in sccordanse
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with the mapufacturer’s written instructions
and drawings as follows:

Tanw2 3-1.—Ferformance specifications

Poramser Specification

I 2T UYL — €0¢ pet Oy or CO.
3. 2ero dnift (2 b)Y....... - £

3. Calibration dnifi 2 )0, . 4 pet Oy or CO»
4. Cslibrauion Anif (24 b)'. <03 pct Ovor COs
4. Oparutioral period....... 186 b mialmem.

6. Raponse time..ccoeeeree 10D,

§ Egpressed as sum of absolute mean valup plas 65 pet
eonfidencs interval of o series of Lesta.

62.3 Conditioning Pertod. Offset the Eero
setting at least 10 percent of span &0 lbat
negative zero drift may de quantified. Oper-
ats the coptinuows mozitoring system for
an inittal 188-hour conditionlng period in &
nermal operational manxer.

82.2. Operational Test Period. Operate the
contiayous monitoring system for an addi-
tional 168-bour period maintaining the zers
ofiset. Tho systern sball monitor the source
offiuent at all times except when being
sorced, calibrated, or backpurged.

6.2.3 Fleld Test for Zero Drift ang Calidra-
tion Drift. Determine the values given by
zero and midrange gas concentrations at two-
hour intervals until 15 sets of data are ob-
talned. For non-extractive continuous moal-
toring systems, deterroine Lhe zaTO value
given by & mechanically produced gero con-
dition or by computing the sero velus from
upscale measurements using calidrated gas
calls certiied by the manufacturer. The mid-
range checks shall be performed by using
certified calidration gas cells functionally
equivalent to Jeas than 50 percent Of span.
Record thess resdings on the example sheet
showa in Pigure 3-1. These two-Rour periods
need Dot be consecutive but may not overlap.
In-gitu CO, or O, analyzers which caninot be
fitted with a calibration gas cell may be call-
brated by alternstive procedures acceptable
10 the Administrator. Zero and caiibration
corrections snd adjustments are allowed
ounly at 24-hour jntervals or at such ahorter
{ntervals as the manufacturer's writtan in-
structions specify. Automstic correctiona
made by the continucus monitoring system
without operator intervention or iaitiation
are allowable at any tims. During tho eb-
tre 183-hour test period, record the valum
giren Dy Eero and span gas concentrations
before and after adjustment at 2¢-hour in-
tervals in the example aheet ahown in Pigure

83 Field Test for Responss Time,

833 Beope of Test.

‘This tast shal! e accomplished using the
ocontinycus monitoring system aa fnstalled,
including sample transport llnes if used
Flow rates. line diameters. pumping rates,
pressures (4o nat allow ths pressurized eall.
bration gas to edange the normal opersting
pressums 1o the sample lns), ste., shall be

Title 40—Protection of Environment

st the pominal values for norms! operation
a8 speclied Ip the maoufaciurer's writien
instructions. 1f the analyzer 1a used to sample
more thab one source {stack), thia test shall
be repeated for each sampliog point.

€32 Response Time Test Procedure.

Introduce zero gas into the coontinuous
MOonIoring systemn sampiing Interface or as
close to the ssmpling interface as possible
When tbe system output reading has stabt.
lized, switch quickly Lo & known cobcentra-
tion of gas at 90 perceat of span Record the
time from concentration switching to BS
percent of Bna! stable response. After the
system response has stabllized at the upper
level, switch quickly to & zero gas Record
the tite from concestrstion switching to 05
perceat of fnal stable response. Alteroa-
Uvely, for ponextractive continuoua mMoODILOT.
ing systems, the highest avallsble calibration
ges concentration shall be switehed into and
out of the sample path and response times
recorded. Perform this test asquence Lhree
{3) times. For each test, record the results
on the data sheet shown Iin Figure 8-8.
lnl Calculations, Data Analysis, snd Report-

g.

7.1 Procedure for determinstion of mean
values and confidence intervals.

7.1.3 The mean value of a dats set s cal-
culated according 1o equation $-1.

a
2&

Equstion 3-1
where:

n=absolute vslue of the measurements,

IT=sum of the Individual values.

E=1mesd value,and

B=goumber of data points.

73.1 The 05 percent confidence interval
(two-sided) 1s calculated according to equa-

tion 8-2:
LIS XTIRIP ENL

Clym—tot
Equation 3-2

ovo—1

whers:
IX =sum of all dats points,
‘975 =¢ ~a/2 and
Cl,=05 percent confidence interval es-
timates of the avarage mean valye.

Values for 975
S.OT8
13. 70¢
4. 803
8.182
3.7
3.871
2. 447
3.868
2. 808
4. 282
3.238
1. 301
.19

Y I YT

18
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The values 10 this table are already corrected
for n-) degrees of freedom. Use B equal to
the number of samples as data pointa.

7.2 Data Analysis and Reporting.

733 Zero Drift (2-hour). Using the zero
concentration values measured each two
bours during the feld test, calculate the dif-
ferences between the consecutive two-hour
readings expressed in ppm. Calculate the
mean difference and the confidence interval
usiog equations 3-1 apd 3-2. Record tbe sum
of the absolute mean value and the confi.
dence interval op the data sheet shown in
Figure'3-1.

723 Zero Drift (2¢-bour). Using the zero
concentration values measured every 24
bours during tbe Seld test, calculate the dif.
ferences between the zerc point after gero
adjustment and the zero value 2¢ bours
later just prior to zero adjustment. Calculate
the mean value of these points and the con-
fidence Interval using equations 3~1 and 3-2.
Record tbe 2ero drift (the sum Of the ab-
solute mean and confidence interval) on the
data sheet showa In Pigure $-3.

723 Calibration Drift (3-bhour). Using the
ealibration velues odtained at two-dour {n-
tervals during the field test, calculate the
differences between consecutive two-bhour
veadings expressed as ppm. These values
should be corrected for the corresponding
gero drift durlng that two-bour period. Cale
eulate the mean and confidence {nterval of
these corrected difference values using equs-
tions 8-1 and 3-2. Do not use the differences
between noD-consecutive readings Record
the sum of the adsolute mean apnd cons-
dence Interval upon the dats sheet shown
in Figure 3-1

72.¢ Calibration Drift (34-bour). Using the
calidbration values measured every 34 boun
during the feld test, calculate the differ-
ences between the calibration concentration
reading after zero and calibration sdjust-
ment and the calibration concentration read.
ing 2¢ bhours later after zero adjustment but
before calibration adjustment. Calculats the
mean value of these diferences and the con-
fidencs interval using equations 3-1 and 3-3
Becord the sum ©f the absoclute mesan and

104
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confidence interval on the data sheet shown
in Figure 8-2.

725 Operational Test Period. Durlng the
188-hour performance and operational tast
period, the continuous monitoring system
ahall not receive any corrective maintenance,
repalr, replacement, or adjustment otber
than that clearly specified aa required in the
manufacturer’s writien operation and main-
tenance manuals as routine and expected
during a one-week period. 17 the continuous
monitoring sysiem operates within the speci.
8ed performance parameters snd does Dot re-
Quire corrective malntenance, repalr, replace~
meat or adjustment other than as specified
above during the 168-bour test period, the
operational period will be guccessfully con-
cluded. Pallure of the continucus monitoring
systers to meet this requirement shall eall
for a repetition of the 168 hour test period.
Portions of the test which were satisfactorily
completed need not be repeated. Pallure o
meet Any performance specifications shall
call for a repetition of the one-week perform-
anes test period and that portion of the test-
ing which is related to the falled specifica-
tiod. All maintenance and adjustments re-
Quired ahall be recorded. Output readings
aball be recorded before and after all ad-
justments.

728 Response Time. Using the data devel-
oped under paragraph 53, calculsts the time
interval from concentration switching to 95
percent to the final stabdle valus for all up-
scale and downscale tests. Report the mean of
the three upscals test times and the mean of
the three downacale tast times The two av-
orage times should not differ by rmore than
18 percent of the slower time. Report the
slower time as the system response tims. Be-
cord the resulta on Pigure 5-3.

8. References.

8.1 "Performancs Specifications for Sta-
tionary Source Moaitoring Systems for Oases
and Visible Emiscions,” Environmental Pro-
tection Agency, Research Triangle Park, R.C.
EPA-850/2-74=018, January 197%4.

83 "“Experimenta) Statistics,” Department
of Commerce. National Bureau of Standards
!:::ook 81, 1963, pp. 831, parngraphs
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dero Span Caltbration
Tim Tero Orift Span orift orife
Segio  Und Oate Reading (s2ero) Reading (aScan) UaspeneaZere)

MCACEERCE RN RN NN T ™) "Eﬂ

erQ OPIT ® [P2an Jero Dritte * LU (Zero] O .
Catidratien Drift @ [Mecn Span ORATTS D R D i —

*Absolute Valwe.

Figure 31, Lero and Caltbrstion Drift (2 hour).
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ate
nd
ime

lero Span Caltbration
Iero Drift Reading Drift
Reading (sZero) (After zero adjustment)  (aSpan)

Zero Drift =

Cal{bration Drift = [Mean Span Drift* ¢ C.1. (Span) ]

I* Absolute value

[Hean Zero Drifte + C.1. (Z2ero) ]

Figure 3-2. Zero and Calibration Drift (24-hour)

106 KVBE11-6015-1225



&m C=DEITIVINATION ©OF EMAITON RATE
CRANOE

App. C

Title 40—Protection of Envirenment

Dat: of Test

Span Gas Concentration

L

Analyzer Span Setting ppm
. seconds
Upscale 2. seconds
3. seconds
Average upscale response seconds
1. seconds
Downscale 2. seconds
3. seconds
Average downscale response seconds
ystem averzge response time (slower time) = s econds

average upscale mirus everzae downscale

£avatur from sloser
ystem average response

siower time

x 1002

Figure 3-3,

Response

{40 FR 48258, Oct, €, 1073, 40 FR 50204, 80205, Dec. 22, 1075, as amended at 43 FR 8937,
Jan. 31, 1977}

!-i 8._'B|+E| sen +E.

o~
(R 1 sreducten. & n (1)

11 Ths K'lowing wethod shall be used to dstermine -—

whether s physical or operational “.',:f' 1 ap exisung .

focility resulted in sn Increase 10 the snission rmle L0 the

stmrsphers. The metbod used i3 the Btadeni’s { (31, whers:

commonly tsed 1o make inferenoss szall mmplas. B, =Pmissdon rata for the { th ran.
2. Dals. a=aumber of rans
2.3 Each emission tast shall consist of a runs (asoally vartanos, ach

thres) which produce n emisxion retes Thus two sets of a‘: &‘,’,:‘am,?m & tor et of

emistion rates are generaled, ons before and 00e Afler the
change, the two sris bu of squal sise.

22 When usiog maon unluion tests, ascept m1 ;v
!ldod ln |¢) 8{0) of tixly part, tbe reference ootho
Appendis A wm sBali be used (b sccordance with

the procedares specified 10 the spplicabls subpart both
hlou snd afier the chaoge Lo oblain the éata.
When using sonlinoons monitors, t befactlity sball be
ud as U 8 maou.l emission last were being per.
bnmd Valid date usicg the averaging times which wouid
=o required l;.r m2aual emission st were being eop-
ama.

8 Proesdure.
B! Babecripts 8 and b dencis prechange snd post-

respecti valy
42 Calenlste the aibmstic mmo emismson rate, B, lor
ench ort of dats txng Xqoatios L.

107

B (e

n—1

(2)

Mcnlnuablhwohd-umh. 8y, uzing Equs

[(u.-l) 82+ (ns—1) 8.]
fetm—2
(3)

835 Oulcnists the tant matistic, {, vaing Equation &
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APPENDIX E

RESULTS OF PREVIOUS TESTS AT SITE 4
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Sampling Locations

Unit #3 is equipped with a Western Precipitator Multiclone cyclone
type dust collector. Sampling sites were selected such that inlet and
outlet data and emission characteristics were obtained for the collection
device. The inlet sampling plane, located just upstream of the cycone in
the inlet breaching, was the only area available to obtain inlet data due
to the duct confiquration of the boiler. Figqure E-1 presents a cross
sectional diagram of the inlet sampling site. This site was somewhat
unsuitable for particulate measurements due to its néarness to an upstream
bend in the ducting. Some of the inlet particulate data is questionable,
however the gaseous data is accurate. Figure E-2 presents the cross sectional
view of the inlet sampling probe locations. Twelve probes were installed
for gaseous emission testing and of these twelve stainlesé steel probes, six
were equipped to measure hot line data. The twelve probes were installed in
six ports, two in each port. Twelve 3/8 inch diameter type-T nylon sample
lines connected the sample probes to the mobile test lab. Sampling took

.place during the middle of winter in the cold prairie section of the Midwest.
The sections of sample lines that were outside the building were insulated
with fiberglass insulation and wrapped with a pipe heating tape. The entire
sample line bundle was covered with a waterproof plastic liner to protect

it from moisture.

An existing location in a section of breeching between the ID fan and
chimney was used for the outlet sample site (Fig. E-2). This location had
been used for previous compliance tests. Four ports were located at the site.
Three probes were installed into each port at the centroids of equal areas
for a total of twelve sample probes. This sample site was outside and special
insulating material and heating tapes were required to keep the nylon sample

lines from freezing during the cold winter weather.
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SAMPLING PORT OUTLET

106.7cm
€ (42")
RAIL
I-BEAM /
172.7cm O
(68")
104.1 em
O (41") WESTERN
PRECIPITATION
MULTICLONE
‘ear wark L ]
€ 121.9%cH——3n
(48™)

Figure E-1. Side view, inlet sampling area.
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Cross Sectional Area: 6.039 mz (65.0 ftz)

Probe Lengths from Outside Edge of Port: 43.34 cm (17-3/4"),
93.98 cm (37-1/4")

Probe Numbers Shown
Probe Numbers 1, 4, S5, 8, 9, 12 equipped for Hot Line Testing

609.6 cm
<< (240") =
+t + + <+ +£ T +1
99.06cm
(39")
2 4 6 8 10 12
+ + -+ + + 1' +
I | I 11¥20.32em | t
- - -— —= (8")
50.8cnm 101.6cm
(20") (40")

Figure E-2. Cross section, inlet sampling duct, top view, gas flow is into
paper.
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Cross Sectional Area: 2.016 mz (21.7 ftz)

Probe Lengths From Outside Edge of Port: 35.56 cm (14-1/8"),
76.2 cm (30-3/8"), 16.8 cm (46-5/8")

Probe Numbers Shown

162.6 cm
< (64") >
A
13 16 19 22
+ + + +
12l.9 em
14 17 20 23 (48-3/4")
+ + + +
15 18 21 24
+ + + +
, , v
30.5 cm 33.02 cm
(12-1/2") (13")
«— — < —_

Figure E-3. Cross section, outlet sampling duct, top view, gas flow is
out of paper.
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Comparison of Test Coals

Unit #3 normally burns a western type fuel, because the utility had
trouble in obtaining a reliable supply of eastern coals. Several years ago
they switched to the more dependable western coal supplier. The western coal
burned during these tests was a Montana coal from Colstrip, Montana. For
the test series a special order of eastern type coal was obtained. This fuel
was from the Sahara mine in Southern Illinois. As with most western subbituminous
coals the Colstrip coal had a high moisture content, high volatile and low

fixed carbon content and moderate sulfur content.

Western Coal Burning at Unit #3

Montana coal is normally burned at this facility. A small penalty is
paid in total unit capacity when using the subbituminous coal in a stoker
originally designed to fire a high Btu eastern type coal. The maximum load
obtained with the Montana coal was 16.1 kg/s (128,000 lb/hr) steam flow while
the maximum load on the Southern Illinois fuel was 16.8 kg/s (133,400 lb/hr)
steam flow. These values are somewhat deceptive since, at the time the boiler
was tested, there was a defective air heater in service. This air heater had
large leaks in it which allowed incoming air to short circuit its route to
the combustion zone, and hence starve the undergrate air chamber. This
resulted in the unit smoking at a lower than normal maximum load on the
eastern coal and resulting in a reduced maximum lcad at the given conditions.
The unit should be able to make 20.2 kg/s (160,000 lb/hr) steam flow with the

eastern coal when the air heater is repaired and the stoker is properly adjusted.

Western coal can be successfully fired on a spreader stcker with only
minor changes in existing equipment. For a given boiler output, feeder rates
must be increased to get the same amount of energy input into the stoker on
western coal as for eastern coal. The fineness of the western coal ash
requires thicker bed to prevent ash from being blown off the grate. Unit #3
ran an ash bed thickness of 5 to 10 cm when firing western fuel. Feeder rates

were increased about 10 to 15 percent.
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Higher superheat temperatures were encountered with the higher
moisture western coals. Unit #3 was equipped with a through-th-mud@ drum
type steam attemperator. This device was used when firing western coal to
control the superheat temperature. No controcl read-outs were available to
measure the absolute percentage of steam by-passed into the attemperator but
the controller which controlled the bypass valve was set at about 50 percent
for Montana coal. Increasing the overfire air can reduce the CO emissions
somewhat; but, the unit did not operate in that mode as a nommal operating
procedure. A short series of tests ran overfire air pressure from normal
as-found settings of 7.5 - 8.5 inches H70 to the maximum setting, and
corresponding CO emissions of 181 ppm at 3.0% excess O, were reduced to 140 ppm
at 3.0% excess 05. Nitric oxide emissions did not vary significantly with

the change in overfire air.

There was no appreciable flame impingement on the furnace side walls
or back walls with western coal firing. The fuel bed was uniform and well
established. The coal combustion on the grate was nonswelling and nonagglom-
erating. Coke pieces tended to retain their individual size and identity
when burning on the grate. The main flame front began about four feet from
the vertical plane of the feeders for western coal burning. No clinkers
were formed while burning western coal. There were "sparklers" or suspension
burning with the western coal. These sparklers were carried up into the

superheat pendant section.

Moderate slagging occurred in the superheat pendant tube section.
Slag deposits of two to four inches in thickness covered the pendant loops
about 1/2 to 2/3 up the tubes. There was some flame impingement on these
areas. Some slag build-up was sufficient to cause bridging of formations
between pendants, however it was not of sufficient quantity as to cause flow

restriction through the superheater.

Generally the Montana coal performed well on the stoker. Except for
the reduced load, the coal was a better fuel than the eastern coal which

clinkered and had a serious smoking problem.
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Emissions Data

A. Sulfur Oxides--

Table E-1 contains a summary of all emission tests conducted at this
unit on both eastern and western coal. In all, thirty-four tests were run
(fourteen on eastern coal and twenty on western coal). Sulfur oxides emissions
from western coal were about half that of eastern coal. The average SO,
emissions from the eastern coal were 1489 ng/J (3.47 1b/10% Btu) compared
to 766 ng/J (1.79 1b/106 Btu). The Colstrip coal tested on this unit exhibited
the greatest sulfur retention of any coal tested with an average of only 65%
of the fuel sulfur emitted in the flue gas. This number compares to a fuel

sulfur emissions of 94% on eastern coal on this same unit.

The SO, emissions from either the western or the eastern coal did
not follow a trend with either load or excess air. The SO, component of
the SOx emission was generally less than 3 percent of the total. Neither the
amount of SO3 nor the ratio of SO3/SOx exhibited a definable trend with any
of the test variables.

B. Particulates--

The uncontrolled particulate loadings were found to exceed the ash
content of the fuel by as much as a factor of four. Even when the carbon
content of the ash was taken into account, these figures could not be reconciled
with the uncontrolled particulate loadings. Therefore, the error must be with

the sampling location described above.

Controlled particulate loading were within reasonable limits of
166-545 ng/J (0.39 - 1.27 lb/106 Btu). The overall average particulate
loading of all the tests for eastern and western coal are shown in Table E-1.
The average western coal emission was some 24% less than the average for
eastern coal. The carbon content of the western coal fly ash was also 33% less

than that from the eastern coal. The particulate emissions followed no definable
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TABLE E-1.

EMISSION

SUMMARY, UNIT 3

BO. CYCLONE INLEY CYCLONE OUTLET Part

Load nat.uzr co NG co NO ng/J

Test xg/s 0, [ ] €O,y PP PP co, Pes | kg Steam] s C {8/HBru) | SOx

No. Date 1103 1b/hr ) Condltlons pea |02, 8] 3% O3 . 3% 021 02¢ 8 |3 O L) 3\ 02| kg Coal | in Ash Out ppm Notes

BASTERN COAL

21 1/15/71% 13.8% thml 03' Med. lLoad | 008 a.5% e 9.15 447 9.0 108 8.8 495 8.2 -- - 1643 | Pralim. Unit
107.4) Check Out

3| W/ 14.1  |normal 0y, Hed. Load | 008 a.232 | 69 %.74] N 8.63 | I35 9.4 445 a.6 - - 1534
(112.0)

e | Vao 2.8 Juoml 0,¢ Hed. load | 003 8.17 | 146 9.9 491 2.1 | 367 8.9 429 a.? 6.8 k11 == | Part In and
(114.5) 10.7155) Out

a4 1721 14.1 |Wormal oz. Med. toad | 008 8.38 368 9.67 514 8.6 1306 B.a 515 8.6 - - 1462 § 50x In
{(111.7) 1509 | 50x Out

s | /22 13.3 |uigh O,, Ned. Load 1798 9.4 4 9.0 | 491 | 11.0 20 8.4 502 8.6 5.8 m -- | Part In and
(105. 4} 'Spill late Resat {0.8622) Out

26 | 3/23 13.3 [iigh 0, Had. Load In|179S 8.56 39 9.16 | S32 a.? [ 1] 8.8 520 6.7 - - 2067 | 50x Inlet
1105.5) Out|1712

27 { 1726 15.6 [vormal oz. High Load | 00§ 6.62 | 289 |11.13 | 418 FROZE 8.4 - - 1849 | SOx Inlet
{124.0)

a8 1 V¢ 1) 15.8 (Normal 02. igh lLosd | 0OS 6. 45 509 212.24 295 2.4 $20 | 10.6 293 8.3 6.9 294 1721 ] SOx Inlet
{125.4) {0.68)4)

29 ) 1/2a 11.4 |[Normsal O,, Low-Mod. 00S 7.41 3113 ]10.5¢ 366 PROZE a.9 - - ~-- | Gasecus Only
{91.0} Jioad

30 | V20 10.5 [Normal O,, low Load 008 9.95 sl 6.55 | 442 10.7 58 7.88 432 a.% as.9 350 1651 | Part In and
{83.5) {0.81)5) Out; SOx In

3 3 9.6 |Low 02, Low Load 008 a.38 26 9.93 hL}Y TROZR - e.l 20.4 264 1700 | Part In and
{716.1) 10.6131) Out; SOx In

2 an 1.0 |iigh 0.. Low load 00S 11.92 84 7.38 492 12.3 920 7.4 481 8.5 26.8 545 1792 | Part In and
{67.3) {1.2620) Out) SOx In

3 a2 13.8 |low 02' Wed. Load Qs 6.63 a9 11.08 175 - - - - 8.7 20.0 234 1778 | Part In and
{109.8) 10,5442) Out) SOx In

M /5 16.8 |[max. cont. Load, Post] =~ 3.8% 216 1.7 324 7.2 203 10.9 326 8.62 2R.0 120 1815 | Part In and
{133.4) [0.8. Bollar Tune Up — 0. 7650] Out; SOx In

Ave: sya 13.4 8.8 190 9.87 416 9.27 ns 8.99 443 8.5) 2? 1)a 1724
{106.2) 10.70855)

(continued)
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TABLE E-1. (continued)
50, CYCIONE IHLET CYCLONL OUTLET Past
Load Noter co NO co NO ny/d
Tast kg/s n 02 PP 0y pe P co’ prm | kq Steam| v C (8/HBru) | SOx
No. Date }1103ib/ur) Conditions PP §03, 8 |3V Oy s 38 03|07, 8| 3N O 1) 3 03 | kg Coal ] in Ash out Py Notes
WESTERN COAL
1 12/2/75 13.% [Nocmal O, Normal 972 7.0 340 10.) 36) -- - - - 3.85 -- -- 86?7 SOx Out
(107) Operation
2 1273 14.1 Jﬂoml oz. Normal 827 7.} 880 10.4 387 - - - - $.680 - -- 78% SOx In
1112) Operation
3 12/4 12.3 [normal O, tNormal 793 7.9 527 10.1 189 - - - - 5.61 19.1 10,956 - Part In
197.5) |operatiof 125 Part Out
25.48
0.7551
4 12/% 1.0 |]normal O_, Normal 176 7.6 aoo 10.4 198 a.6 466 10.1 407 S.86 - -= asi Meteor Outlet
{103) Operati
saf 12/8 13.2  |vary Overtire Alr 1126 9.2 46) 9.1 366 - - - - 5.72 - - -
{108) (OFA) As Pound
sa| 13/8 13.2 {[vary OFA = Increase 953 9.5 136 9.0 362 - - - - 5.72 - - --
{105) A
sc| 12/6 13.2 vary OFA - Purther 920 7.8 145 ]10.9 356 - - - - 5.72 - -- -
(105) Increase Alr
5o | 1278 13.2 |[Vary OFA - Return 945 8.2 181 |10.5 ” - - - f-- s.72 - -~ --
{105) to Normal
6al 1279 13.8 |[Vary OPA - Blas Top 978 7.7 378 10.4 33 - - - - 7.72 - -- --
(109.5) [Row
6D ]| 12/9 13.8 [Vary OFA - Ae Found - 7.3 37 10.9 3ss - - - - 7.52 - - --
€109.5)
6E | 12/9 11,8 [Vary OPA - Blas Top - 2.2 ) |10.9 352 8.1 209 j10.2 02 7.52 - - 859 | Meter Out
(109.3) |Row
7 | 12/10 12.9 |Vary Grate Air, 980 7.8 176 |10.% 353 6.2 227 {10.) 362 6.49 - -- 1020 | Meter Out
(102) |Hozmal l)z
8 12711 13,7 |[Max. O,, Normal In 913 8.6 332 9.7 LT3 9.1 326 9.4 4)9 3.73 19.9 18,146 934 Part In end
(108.5) q:antion Out {1091 310} Out,; SOz In
42 199
N 7054
9A ] 12/12 14.6 |Vary Grate Alzr = As 800 7.4 200 ]10.6 392 - - .- - s.8 .- -- --
i) found
98] 12712 14.0 |[vary Grate Afr - MWest] 675 7.3 337 |10.6 369 - ~-- -~ - 5.8 -- - --
{111) Throttle, Bast Open

{(continued)
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TABLE E-1. (continued)
50, CYCLONE INLET CYCLOHE OUTLLT Part
Load Mater o NO €o NO n9/J
Tent kq/a o, rFpm coz pPPm PPn co’ ppm 1 kg Steam] s C (8/MBru)| SoOx
mo. | vate |10’/ conditions pem oy, 8§ oy v | awo3]o,. o] 3moy] 4?] 30 0z | Ko Coat | in Asn out | ppa Notes
WESTERN COAL - Contlnueod
10 | 12/16/75 9.1 luoml 02. low load | 1020 9.5 262 9.4 338 - - - - $.7 12.2 8,028 - Part In and
2) 186 Out
1861
0 4315
11 12747 10.4  hiormal 02. low Load 1129 8.6 143 9.0 166 - bad - Ll 5.2 - - 1146 | SOx In
(81)
12 12/10 10.4 |uigh 02. Low Load n2 to.é 165 9.3 370 - - - - $.63 - - 846 | 50x In
[{:}1]
13 12719 10.2 |High Oa. Low Load 770 9.9 198 9.0 382 L -a - -- 5.70 13.3 8,080 - Paxt In and
{680} 290 Out
16.719
.6754
14 12720 9.9 Wla' 02' .low Load 664 7.7 129 10.3 284 8.6 111 10.0 207 00s 15.0 5,803 —~- Pact In and
79) 166 Out
13.496
0. 3867
15 12/22 9.9 Hlm-lhd. 02. tow 236 a.2 23 10.4 344 - - - - 5.72 - - 815 | sOx In
79} Load
16 1/6/716 14.0 [Low-Mod. 0:. Low 237 6.6 1102 11.6 324 - - - - $.75 21.9 4,657 849 | Part In and
(i) Load an Outy SOx In
10.8)
0.6432
17 W 15.9 [Normal 0’. Naxisus 1057 6.2 642 11.4 366 - - - - 5.68 - - 932 | SOx In
{126) Load
10 /8 16.1 |Normal °I' Mazimun 963 6.0 2200 11.9 315 - .- - - 5.59 25.5% 12,234 - Parct In and
{128) Load 258 Out
28.45%
. 6001
19 1712 19.2 JLow 02. Naodlum Loasd ©oas 6.8 1221 1l.4 M3 7.8% aré 11.4 pL1] 3.58 - - a78 | SOx Out
(133 })
20 [ V4% ] 14.5 [Mormal Oz. Medium 008 6.9 1001 008 374 6.) 1052 11.0 %0 3.61 - .- - Complete
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trend with either boiler load or flue gas excess O,. Indicated cyclone
collection efficiencies were very high due to the questionable inlet
particulate loadings. Assuming a cyclone efficiency of 85 percent one can
back-calculate the inlet particulate locading of about 2252 ng/J (5.3 lb/lO6
Btu) which is a factor of 4 to 5 lower than the measured loading. Therefore
the measured inlet loadings are considered to be unreliable. The problem is
thought to be the sampling location rather than any procedural error in the

sampling technique.
c. Nitric Oxide--

Nitric Oxide (NO) emissions measurements are given in Table E-1 for
both coals. The overall average emission of NO was reduced apéroximately
18 percent by switching to western coal. Figures E-4 and E-5 contain the
nitric oxide vs. Oy data for Montana and Illinois coal respectively. Both
data sets are at o« medium load and both exhibit the expected trend of increasing
NO with increasing excess 0. The NO emissions from the Montana coal are
all about 50 ppm lower than the NO emissions fram the Illinois coal. This
difference may be a result of differing fuel nitrogen content (Ill. = 1.35%
fuel N, and Mont. = 0.68% fuel N) of the two coals; or it may be due to the
high moisture content of the Montana coal which affects the combustion
intensity {(flame temperature) resulting in lower thermal fixation. The

nitric oxide emissions were relatively constant with load for both coals.
D. Carbon Monoxide and Carbon Carryover--

The characteristic carbon monoxide emissions are given for Montana
and Illinois coals in Figures E-6 and E-7 respectively. Both coals exhibit
increasing CO emissions with increasing load. The gquenching of the CO
combustion is more extensive on Montana coal than on the Illinois coal. It
has been demonstrated on other units, as well as this one, that CO emissions
can be controlled by increasing the excess air. Inspection of the data in
Table E-1 shows that when the excess 0 is lowered to €& percent, the CO
emissions become significant. Comparing Tests 17 and 18, at the same load,
demonstrated that increasing the excess O, by 0.7% reduced the CO from 2200
ppm to 642 ppm.
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Figure E-4. Nitric oxide vs. excess oxygen, Unit 3, western coal.
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Figures E-8 and E-9 contain the carbon carryover data as a function
of load for western coal and eastern coal respectively. The western coal
shows increasing carbon carryover with increasing load while the eastern
coal data was a monotonic function of load. The magnitude of the eastern coal

carbon carrxryover was approached only at high loads while firing western coal.

Stoker Operation and Boiler Efficiency

The operational limits of the stoker are presented in Figures E-10
and E-11 for western and eastern coal respectively. The data is plotted as
a function of excess O; and unit load. The upper dashed line represents the
limit of the induced draft fan. The lower dashed line represents the limit
defined by fuel bed clinkering, high CO, and/or smoke. The region defined
by these two dashed lines is the area of normal operation. The solid line
on these figures is drawn through test points within this normal operating
range. Comparison of the two solid lines shows that the western coal can be
fired at lower excess air than the eastern coal over the entire load range.
These plots may also be viewed as defining the limits of staged combustion in

this particular unit.

Table E-1 contains a column labeled kg steam/kg coal. On the average
the western coal produced 30 percent less steam per kilogram of coal than the
eastern coal. This number gives some ind%cation of how much more coal a plant
would have to process to obtain the same steam load. However the actual
boiler efficiencies are not so severely impaired as shown in Table E-2 which
contains the heat loss boiler efficiency calculation results for eastern coal
and western coal respectively. Tests 23-34 are on eastern coal and tests
3-18 are on western coal. On the average the western coal reduced the boiler
efficiency by three percent from 80.9% to 78.5%. The largest differences
between the two coals occur in the moisture and hydrogen losses. This, of
course, is due to the high moisture content of the western coal. There

are three factors which would cause loss of steam generation on western
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Figure E-9. Carbon vs. load, Unit 3, eastern coal.
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TABLE E-2. CALCULATION OF EFFICIENCY

Unit pescription

Boller Catogory 312

Eastern Coal
Fuel Analysia

Location No, 4 c 69.26
Boiler Mo. 3 " 4.7)
Purnace Type wT [ ] 7.47
Capacity L] 1.3?
kg/a 20.2 g 2.20
103 )b/hr 160.0 H0 7.11
MAtu/hr 205 Ash 2.76
Installed 1960 v/ (Btu/lb) 12448
Broction Method rield ni/kg 8.9
Burnex Type 88
BOILER CONDITIONS
Task MHo. 2] 2s 20 30 n 2 n hL |
Test Load, b of Capacity n.6 65,9 76.4 $2.2 47.6 54.6 60.6 83.4
Stack 0y (s bry) 8.2 9.4 6.9 10.0 8.4 11.9 6.6 5.9
Stack CO {(ppam) 146.0 4.0 509.0 s1.0 26.0 84.0 89.0 6.0
Stack Tesperature
*K 4064 4191 484 Lk} 469 472 500 489
‘r 413.% 425.8 411.0 91.8 385.0 390.0 440.0 420.0
Anbient Aly Temperature
bt 4 302 108 300 303 308 299 b)) 299
M 4 05.0 90.0 81.0 as6.3 95.3 8.1 a2.5 76.0
Calculated Alr Hoater Values, percent
Afl Inlet Excess Alr 61.86 79.10 42.06 87.48 64.50 127.%) 44.82 3.5
AH Exnit Excess Ailr 74.72 106.66 $2.86 100.92 75.73 1)7.04 53.97 50.60
Alr leater Laakage 7.49 14.65% 6.51 6.82 6.45 4.4 5.92 0.9
Ale Heater Efficiency 36.680 29.47 37.89 38.51 38.93 40.66 29.8) 34.67
PCT. Alc Through Alr Heater 102.15 79.44 310.08 103.29 100.72 115.56 a4 92 102 46
BOILER UEAT BALANCE LOSSES, perceat
Heat Balance Losses Corracted to 100 °K {60 °F) Entering Alr Temperaturs
Dzy Gas 10.41 12.74 9.2 11.16 9.42 13.21 10.00 9.28
Holsture ¢ 4.93 4.95 4.9) 4.09 4.87 4.69 4.90 4.95
Moisture in Alr 0.2% 0.11 0.21 0.a7 0.2} 0.12 0.3¢ g.22
Unburnad CO 0.08 0.0 0.24 0.0) 0.01 0.06 0.04 0.10
Combustibles 2.40 2.36 2.49 2.37 2.69 2.48 2.64 .64
Radiation 0.56 0.61 0.51 0.7? 0.84 0.7} 0.58 0.48
Boller Efflciency 8:.30 79.04 82.49 80.52 01.94 78.30 a1.52 82.34
{continued)
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TABLE E-2. (continued).

Unit Description

Lacstion Ha.
Boflerx
Furnace Type
Capaclty
kg/s
10} 1b/hs
MBtu/he
Installed

Erection Nethod

Burner Typo

Tout No.

Test Load, % of Capacity
Stack 03 (b Dxy)
Stack CO (ppm)
Stack Temperature
°x
M 4
Ambient Alr Temperatura
K
°r

Al Inlet Excess Alrx

AN Exit Excess Alr

Alr Heator Leakage

Al¢ Hoatar Elliclency

FCT. Alr Through Afr Heater

Dry Gas

Holsture ¢ H,
Mojature in.Alc
Unburned O
Cosbustibles
Radiation

Boiler Elficlency

20.2

160.0
176.0

1960
riela
&8

59.0
70.57
6.68
36.18
100.2)

Sofler Category M2

BOILER CONDITIONS

[ 10 1
67.6 3.0 50.0
8.6 9.5 9.9
3122.0 262.0 198.0
484 462 73
4a12.0 7.0 395.0
290 304 308
7.0 88.0 90.0
Calculated Alr lleater Values, percent
67.85 80.84 87.28
74.8) 97.86 105.61
3.62 8.73 9.10
38.38 39.10 36.87
113. 7 105.20 99.17

BO1LER MEAT BALANCE LOSSBES, percent

Weostorn Cosl
Fuel Analysis

Host Balance Losses Corrected to 300 °K (B0 °F) EBatering Alx Tomperature

9.08
8.11
a.24
Q.20
2.80
0.66
78.04

10.61 10.52 1.7
8.13 8.02 8.09
0.23% 0.25 0.28
0.18 0.16 0.1}
2.9) 1.64 1.81
0.59 0.89 0.80

77.20 78.51 7.17

c 49.32
] 3.1
] 10.85
[] 0.68
1 .15
H,0 25.56
Ash 9.12
IIHV/ {Btu/1b) 8408
W/kg 195
14 16
49.4 69.4
7.7 6.6
179.0 1182.0
463 450
379.0 351.0
306 301
91.0 82.0
56.63 44.08)
67.87 54.34
6.57 5.98
40.29 47.80
107.30 134.98
9.04 7.54
8.0) 7.96
0.22 0.18
0.0% 0.56
2.08 3.
0.8l 0.58
79.72 79.88

80.0
6.0
2200.0

450
51.0

3Joo
80.0

39.12
48.90
6.37
49.19
141.06

7.22
?7.97
0.3
0.99
4.04
0.5%0
79.11




coal, they are: (1) limitation of maximum steam generation due to high
superheat temperature, (in this case this limit resulted in a four percent
reduction in maximum load); (2) limited coal handling and feeder capacity,
(this was not a problem at this site); and (3) reduction in boiler efficiency
due to increased moisture losses, (efficiency reductions of some three percent
were measured when comparing western to eastern coal at comparable load and

excess O3's).

Eastern Coal Burning on Spreader Stoker

Unit 3 was designed to burn a high heat content eastern type coal.
However, the Southern Illinois coal did not perform as well on the Montana
coal. There were two reasons for the poor performance of the eastern coal.
First, the test batch of eastern coal contained a large percentage of fines.
Second, the overfire air fan was not functioning properly. The stoker developed
a smoking problem and a Detroit Stoker factory representative was sent out

to retune the stoker. The results of that effort are summarized below.

The boiler had a smoking problem when firing the Southern Illinois
coal. The field representative from the stoker manufacturer noticed several
problems with the boiler operation. First, the furnace draft was too low
at -0.203 cm (-0.08 inches) of H,O when it should have been almost twice
that at -0.38 em (-0.15 inches) Hy0. Second, the feeders on the stoker
were out of adjustment in two ways. Both the hand wheels were out of adjust-
ment and the spill plates were not set right. Third, the overfire air was
not biased properly and not of sufficient pressure. After determining these

three items, correction of the problem proceeded as follows.

First, all spill plates were reset to factory recommended setting
of approximately 1.27 om (1/2 inch). This adjustment is made by turning the
spill plate adjusting screw clockwise all the way in until the centexr rib
of the spill plate bears against the inner end of the screw. The adjusting
screw was then backed off counter-clockwise until the 1.27 cm (1/2 inch)
setting existed between the rib and inner end of the screw. This was done
for all six feeders. Once the spill plates were set the hand wheels were

readjusted.
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To readjust the hand wheels, which control the feed rate, all the
hand wheels were turned clockwise until they could not be tightened anymore.
From this position, they were backed off from 1-1/2 to 2-1/2 turns counter-
clockwise until a satisfactory fuel bed was formed, up and down the firing
lane. From the 1-1/2 to 2-1/2 turn position the adjustment was made in 1/4

turn intervals. This concluded the fuel supply controls adjustment.

The overfire air was then reset. The first problem with this system
was that the outlet of the blower was producing only 25.4 cm (10.0 inches)
of H0 pressure and it should have been about 68.6 cm (27 inches) of H,0.

A search for leaks in the overfire air system turned up none. Subsequent:
discussions with plant personnel revealed that the overfire air blower had
been overhauled recently and closer inspection of the blower showed that the
impeller had not been reinstalled properly. This reinstallation error
resulted in insufficient "bite" by the impeller in the shroud to the fan and
a resultant loss in air pressure. To compensate for the low fan capacity

a blower from the adjacent unit #2 which was connected via a crossover duct
was put in service. This additional fan raised the overfire air supply

pressure to the required 68.6 cm (27 inches) of water pressure.

With sufficient air pressure restored to the overfire air system,

the overfire air pressures were reset to factory specifications.

An overview of the overfire air settings were such that the back
wall was at a higher pressure than the front wall. The back wall upper and
lower rows were almost equal at about 43.2 am (17 inches) H,0 pressure on
the upper row and 41.4 cm (16.3 inches) H,0 pressure on the lower rear wall.
On the front wall (feeder wall) the overall pressure was lower than the back
wall. The upper and lower rows on the front wall were similarly biased.
The lower row had about 38.1 cm (15 inches) of H,0 pressure, and only three
to four inches on the top row on the front wall. This low pressure was just
sufficient to keep the nozzles from heating up and did little to aid combustion.
With most of the air through the lower jets the turbulence mixing immediately
above the bed was increased. This resulted in increased residence time and

improved carbon burnout.
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This improved firing mode of the unit allowed the combustion air to
be reduced which allowed the furnace draft to be increased. The final boiler
configuration was a definite improvement over the initial condition of the
stoker but still was not a complete solution to the smoking problem. Some
smoking still existed and flue gas analyses of the excess O, distribution at
the boiler outlet in a test (#34) immediately preceding the boiler tune-up
revealed a high degree of stratification in the exhaust duct. This is shown
in Table E-3 which presents the inlet cyclone flue gas distributions. The
cyclone inlet is essentially the same as the boiler outlet. Also, shown in
Table E-3 is a flue gas distribution from before the stoker tune up, this
was test #23. The important thing to notice is the maldistribution of excess
O, across the duct from east side to west side. For test 34 the average of
east side probes (#1 though #6) is 4.98% excess O, and the west side probes
(#7 through #12) average 6.79% O,. A difference of 1.81% excess O; fram
east to west. Test 23's corresponding excess O, distribution is 6.69%
for the east side and 9.58% for the west side. A change in excess O; of
2.89% from east to west. For test 34 the percentage variation of excess 05
across the duct is 31% and for test 23 the percentage is 35%. The ultimate
cause of the maldistribution of fuel and air was not discovered, even though

a change in the smoking problem resulted.

Western coal burned better on the stoker. The eastern fuel had a
tendency to form clinkers more readily than the western coal. This was
probably due to the uneven fuel/air distribution which resulted in local
cooling of the ash below its fusion temperature. The poor air/fuel distribution
also caused the eastern fires to impinge on the back wall of the boiler.
The western coal fires did not do this. Flame impingement and filame carryover
into the superheat pendant section which caused slagging was more evident
with the eastern than with the western coal. However, high superheat steam
temperatures were a problem with western coal and some attemperation was required.
Smoking was a continuous problem with the eastern coal firing. Interestingly
enough, CO emissions tended to be higher for the western ccal firing, yet smoke
formation was not a problem as it was with eastern firing. The volatile matter
to fixed carbon ration (vm/FC) is higher for eastern coal than for western
coal resulting in a burnout problem on eastern coal.
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TABLE E-3. FPLUE GAS DISTRIBUTION BEFORE AND
AFTER STOKER READJUSTMENT

°

co

NO
(East)
Inlet
Averages:

O2 - 5.85%
CO - 216

NO - 336

co
NO

Inlet
Averages:

O2 - 8.17%

Co - 145
NO = 491

TEST 34 - INLET CYCLONE - 83% load

1 3 5 7 9 11

4.8% 4.6% 4.7% S.4% 6.55% 7.7%

278 ppm | 258 364 213 69 54

333 ppm | 316 309 312 354 337

(West)

2 4 6 8 10 12

4.85% 5.7% 5.2% 6.3% 7.3% 7.5%

312 353 399 196 53 53

331 308 321 33l 374 333

Qutlet averages 7.2% 02, 267 prm CO, 326 ppm NO

Test 23 - Inlet Cyclone - 72% load

1 3 5 7 9 11

6.0% 6.3% 7.45% 8.2% 9.48% 10.95%
360 343 66 91 39 36
444 453 494 534 539 546

2 4 6 8 10 12
5.87% 6.9% 7.6% 8.8% 9.3% 10.75%
357 243 87 59 38 kL)
438 466 300 528 548 558

Qutlet averages 9.13% 02, 177 pem CO, 439 ppm NO
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APPENDIX F

TABULATION OF HOURLY DATA
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e 24 HMOUR DATA [
e ORY STACR GAS COUNCENTRATION L1
K e
e 0e coue NO NO NU LT
" LUAD YOLX yoL % PPHMY PPMY NG/J *w
e DATE TIME mwTh MEAS MEAS MEAS 3x0€ e
AR AR RN AR R RAA AR AN AR ARA AR R R AR AR AR N A AR R AR N AR RN AR N AN KRR R I NARRAR NN
xw 8/11/79 24,0 9.3 10,1 é¢s2, 39%. 229, ey
e B/12/79 19,1 1U.8 B,06 219, 389, 229, e
e 8/13779 21.7 100 9.0 225, 371, 218, LT
e 8714779 2l.4 10.2 9,% 204, 3uy, 200, L3 ]
ax B/15779 2l.2 10.5 9.2 224, B4, 229, Ll
e B/716/79 21.7 9.9 9.6 221, 360, 211, i
e B8/17779 23.0 9.5 9,7 230, 302, 212, e
aw 8/18/79 22,0 9,9 9,4 2ev. 389, 217, e
«n 8/19/79 18,3 10.8 8,3 222, 393, 231, e
*x 8/20/79 24,49 9.4 9,8 241, 374, 219, e
ww 8/21/79 24,40 9.2 10,0 220, 338, 198, e
e §/22/779 2345 9.5 9,8 235, 308, 216, e
mw 8/23/719 2147 104 8,9 20064 390, 206, *n
*w 8724779 215 9.9 9,8 221, 3548, 210, e
*x B8/25/79 19,5 10.5 9.1 20H, 356, 209, o
*w 8/20/79 1844 10.0 8,7 195, 344, 199, e
ne 8/27/79 2249 .9 9,06 231, 374, 220, "
*t §/28/79 24e1 9.3 9,9 225 48, 204, e
s B/29/7719 25,9 9.1 10,4 245, 372. 218, LA
*x 8730779 24.8 9.4 10,1 235, o4, 216, b
N 8131,7‘ 20.8 Be7 |0.7 Zlq. 3150, 2006, tn
aw 97 1/79 22.7 907 9,9 217. 348, 204, ™
% 9/ 2/79 18,5 10.5 9.1 207, 355, 208, L]
" 9/ 3/7% 19.1 10.3% 9,5 198, 333, 196, e
% 97 4779 2742 8.8 10.8 238, 353, 207. LA
= §/ S/79 2547 9.1 10.9 239, 383, 213, LA ]
*x 9/ o/79 23.8 9.7 9.9 223 355, 208, L1
s /7 7/79 222 9.7 $.7 224, 3S8, 210, Ll
*x 9/ 8/1719 19,8 10t 9,1 231, I8s, 220¢ L]
e 9/ 9/79 191 19e2 9.1 244, w07, 239. LE ]
e 9719779 23.8 9.4  1ys1 2u4l. 374, 220. L]
*= 971171719 22.8 8.8 10.4 257, 38e. 224, b
*% 9712779 20 10.3 8,5 214, 359, 211. *x
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[ 1] HUURLY DATA e
'T DRY STACK GAS CONCENTRATION “
L 1 ] L1 ]
L 02 €02 NO NO NU ne
LL] LUAD voLX voLx PPMY PPMY NG/J e
" DATE TIME MWTH MEAS MEAS MEAS 3x0¢ tn
itl'.ll.li..t!!ttt..lt...l.l.llt'ltli'.......t.'.l..!.....'....
*a 0/ 0779 0 o0 oV .0 0, 0, 0» e
te 0/ 0/179 v o0 o0 o0 0, 0. 0, Ll
*n 0/ 0779 '] o0 o0 ] 0, 0. 0, e
2 0/ 0/79 0 o0 0 0 0, 0. 0, e
w0/ 0/79 1] o0 o0 o0 0. 0, 0, b
ta 0/ 0/79 )] Y] 0 o0 0. 0. 0. L]
*e 0/ 0/79 v «0 o0 o0 Qe 0. 0, Ll
tx 0/ 0/79 ] 0 o0 o0 0, [ I8 0. e
e 0/ 0/79 0 o0 o0 o0 0, 0, 0, e
% 0/ 0/79 [} .0 o0 o0 [ 19 0. 0. e
2 0/ 0/79 0 .0 0 o0 0, 0, 0, "
*e 8/11/79 120v 23,4 8.5 13.4 191, 276, 162, w
* 8/11/79 1300 27,2 9.0 10,2 284, 47, 2S1. Lh
te 8/11/79 1400 28,4 8.9 10,4 281, 419, 246, e
*n 8/11/79 1500 26,4 8.9 10.3 286, 427, 250, LE ]
®a 8/11/79 1600 28,4 9.3 10,4 291, w49, 264, L1
*e 8/131/79 1700 28,1 9.1 10,4 273, 414, 243, LT
*e 8/11/79 1800 27,8 9.5 10.4 291. as7, 268, e
e 8/711/79 1900 26,1 9,6 10,4 302, 478, 261, e
e 8711779 2000 28,4 8,8 10,8 282, 410, 241, T
*a 8/11/79 2100 19,0 9,2 8,9 190, 291, 171, (1]
=« 8/11/79 2200 17,9 9,0 9,0 199, 315, 185, a»
e 8/11/779 2300 17,0 10,5 8,3 201, 346, 203, e
=n 8/11/79 24¢0 17,9 1u,0 8,3 203, 353, 207, "e
PR LR AN R AN R ARAR AR AR QARAN RN R RARN AR AR AR AR AN A RN N P AANAARN NG R AN,
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ARRRRARAANGRRARRANRAARRNAQAR SRR RAANAARRAR L AAA LR ANAARRAASARRERARAY

e MOURLY DATA TS
T ORY STACMK GAS CONCENTRATION e
*re “m
' 02 cae NO NO NO *a
R LUAD VULYX yOoLX PPMy PPNy NG/ J L3
*r  DATE TIME mMnThH  MEAS  MEAS  MEAS 3X0¢ e
IﬂttRtiltt!t'lttttl‘!ii.l“l!.l!'ltt.'l.li.ttt.t*ill!‘lttttil..
an 8/12/79 1v0 19,0 1045 Beh 229, 394, 231, "
am 8712719 20v 18,8 10.9 8.5 2209, 405, 238, Ld
e §/12/19 300 17,3 11.4 8,1 210, uov, 239, "y
™ 8/12/79 40u 17,0 11,5 8,1 215. o9, 240, Ll
e 87127719 500 17,6 11,5 8,1 207, 394, 2314, e
sn §/12779 600 17.0 11.7 7.9 211le al1,. 241, Ld)
aw B/12/7179 7OU ]0.7 1‘17 7.9 204, 391. 253. y
an 8712779 800 17,3 11.5 8,1 208, 39, 233, LL
*e 8/12/79 Sou 19,3 11.1 8,5 217, 396, 3%, L1
a 8742779 1000 10,8 10.7 8,7 2006, Jo2, 212, e
*n 8/12/79 1100 20,8 1041 9.4 230, 381, 224, "n
*a 8/12/7% 1209 19.06 10.4 9.8 2124 361, 212, LA
*n 8712779 13060 20,2 10.2 9,3 208, 348, 204, e
*n 8/12/71% 1400 19,9 10.5 8,9 196, 337, 1948, [ 1]
e B/12/719 15¢0 19,0 10.5 8,9 208, 154, 214, e
*e 8/12/79 1600 18,8 10.0 8,R 211, o7, 215, Ll
e 8/712/79 170 19,0 10,8 8,8 228, 19e, 233, (1]
ex 8/12/79 1800 18,2 10,8 8,0 225, 3199, 234, L)
an 8/12/719 1990 17,9 10,9 8,5 227, 406, 239, “w
an B/12/79 200v 18,2 10,7 8,7 230, aga, 237, [ T}
an 8712779 2100 19,9 10,5 4,8 230, 406, 238, 1 1]
ex 8/12/79 2e¢0u 21,4 10,0 9,4 255, @19, 2un, ‘e
ae B/12/779 2300 21,1 10,2 9,2 24u, o], 23e, e
wr 8712779 2400 20,4 11,0 8,3 221, 400, 235, o«
[ 2 ]

ARRRARRARNABARARNAR R AR AR R RARARR SIS
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RARRR AN R IAR AR R AR R A A QARG AR AN AN RRAARRNRA NN RARARACARRARAARRRANSERANY

e HOURLY DATA (1]
e DRY STACK GAS CONCENTRATION T
[ ¥ 3 L 1]
e 0e co2 NO NO NO [
'Y LOAD voLx viLx PPMY PPMV NG/J e
(1] DATE TIME MWTH MEAS MEAS MEAS 3X0¢€ (T
PRARRANARAR AR AR RARRARARAARAARARRRCRRAARRARAARAARN AR AAANRARSARANRRANS
wx 8/13/79 100 37,8 11,0 8,3 226, 409, 240, e
*e 8/13/79 200 28,7 10.6 8,8 240, a7, aus, ta
*x 8/13/79 300 28,1 10,8 8,6 230, 408, 239, L]
ae B8/13/79 aov 27.8 10.7 8,8 230, 404, 237, Ld ]
*e 8/13/79 Sov 28,1 10.4 9,1 219, 373, 219, LL )
e a’l}”q 000 2044 10.4 9.‘ 239. 007. 239. L X
" 8/13/79 700 24,9 11.2 8,2 210, 388, 228, L
ew 8/13/79 800 24,3 10.2 9.5 234, 39, 230, e
e 8/13/79 900 22.9 11.0 8,4 212, 3183, 225, e
*n 8/13/79 1000 21.4 9.2 101 247, 378, 222, Ll
e 8/13/79 1100 22,0 9.1 10,0 243, 369, 216, LL )
*e 8/13/719 1200 20,5 8,9 10,9 223, 333, 195, Ll
sw 8/13/79 1300 19,9 8,5 11.3 217, 313. 184, e
*e 8/13/79 1400 7.6 8.5 11.3 224, 123, 190, *a
" 8/13/79 1500 7.3 8e0 1143 230, 33S. 197, -
*% 8/13/79 1600 38,5 9.3 10.6 234, Joi. 212, e
*e 8/13/79 1700 18,2 9.3 1065 242, 373. 219, LA
e §/13/79 1800 18,5 9,7 10,0 247, 39S, 232, "~
"e 8/13/79 1900 19,0 9.9 9.8 244, 397, 233, *n
*e 8/13/79 2000 19,6 10,2 9,4 23S, 393, 231, Ll
se 8/13/79 2100 18,2 10.1 9,5 200, a1, 200, L)
"e 8/13/79 2200 17.6 10,8 8,8 2024 3s8, 210, e
we 8/13/79 2300 17,6 10.8 8.8 199, 353, 207, an
e 8/13/79 24ov 17.0 11.7 7.8 176, 342, 201, k)
AR
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REARAR AR R R AR R RN AR AR AR AN R AN AN A AR AR AN AN R AR A AR N AN NNANRRRANANN Y

11} MUURLY DATA te
1 DRY STACK GAS CONCENTRATIUN (1]
£ 3 ] L 1]
" 02 coe NU NQ NO e
L] LOAD voLx YuLz PPMY PPMY NG/J L]
aa  DATE TIME MWTH MEAS MEAS MEAS 3x0€ "
ll.lt!!tll.'l.tt.tt.t!t.i.ttttlll.lii!l.t!l.l.ll!tt..tttll.lt..
*% 8/14/79 1V 18,5 1149 8,7 195, 353, 207, e
0 3/14/19 200 19,0 10.7 o0 209, 3o7, 215, L]
e 8714779 300 18,8 1141 8,5 193, 3153, 207, e
aa 8/14/79 400 19,0 10,7 8,9 196, 3a4, 202, L 1]
ax B/14/79 Sov 19,3 10.0 9,1 193, 335, 197, an
an 8/714/79 000 19,6 10,0 9.2 202, 351, 206, e
ne 8/14/79 700 17,3 11,4 8,3 180, 339, 199, e
re 8/14/79 800 37,0 11,2 8,4 176, 325, 191, *e
an 8714779 00 21,1 9.9 9.7 190, 309, 182, 1
* 8/14/79 1000 24,9 9.1 lo,06 241, Joe, 215, LLJ
an 8/14/79 1100 27,5 8.0 11,1 234, 34, 200, L1
an 8714779 1200 27,8 8.3 11,3 213, 303, 178, i
an 8/14/779 1300 25,2 9.3 10,5 204, 315, 185, e
sa B/714/79 1400 24,6 9,0 10,7 194, 292, 171, e
wa 8/14/79 1500 25,S 9.0 10,8 214, 322, 189, T
wn 8714779 1600 24,9 9,5 10,3 214, 336, 197, LT
*e B/14/79 1700 24.3 9.5 10,2 209, 328, 193, e
ax 8714779 1800 22,0 10,0 9,8 210, 345, 202, e
*n B/14/79 1900 20,5 10,5 9.3 2ue, 355, 208, e
*m B/714/79 2000 19,8 10,9 8,9 197, 353, 207, we
*w B/14/79 2100 19,9 10,8 9,0 199, 3s3, 207, "
*% 8/14/79 2200 20,2 10,7 9,1 212, 372, 218, *x
ww 8/14/719 2300 7,0 10,7 9.1 216, 379, 223, e
*w 8/14/79 24uv 17,0 11,8 7.8 190, 380, 220, L1
L2 3

l.".lll....!il‘..t...‘..'..'.l."
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SREARRERRARARER R AR AR R ARG ARA NN R AR AR O R RN A ANARKARRRANANARARANN NN Y

*n HUURLY DATA LT
T DRY STACR GAS CONCENTRATION e
e e
L] v2 ca2 NO NU NO e
" LOaD vOoLY YULX PPMY PPMY NG/J L 1Y
a%  DATE TIME MWTH  MEAS MEAS  MEAS IxU€ e
ARRR R R AR R AN R R AR AR A AN G R AR R AR A RN N AR R AR I ARRR AT AR AR N S ANN Y
aa 8/15/779 1V0 17,6 10.9 8,7 217, 3Jas, 228, LT3
"w 8/15/79 200 17,3 11.4 8,3 212, 399, 23S, L]
*n 8/15/79 300 18,2 11.0 8,0 209, 4oe, 236, e
=x 8/15/79 400 17,0 11.6 8,1 213, 410, 241, L]
tw 8715779 S00 18,5 11.95 8,2 212, 404, 237, LL
*m 8/15/79 600 20,5 11.4 8,2 219, 413, 242, L
re 8715779 700 23,7 11.9 8.2 224, ue7, 250, Ll
ta 8715779 800 24,9 11.2 8.5 230, 424, 249, e
*% 8/15/79 900 25,8 102 9edd 253. 23, 249, b
*a 8/15/79 1000 26, 9.5 10e1 254, 399, 234, L1
*e 8/15/79 1100 20,1 9.4 10.3 249, 388, 228, e
“w 8715779 1200 26,1 9.2 10,4 242, 370, 217, LA ]
sn B/15/779 130v 24,9 9.3 10,3 236, 364, 214, L]
an 8/15/79 1400 24,9 9.4 103 227, 353, 207, 1 T3
an 8/1S/79 1500 24,0 9.4 10,3 244, 380, 223, L2 ]
*n 8/15/79 1600 21,1 9.5 10,2 24S. 385, 226, L1
sn 8715779 1700 20,2 9.5 1042 253, 397. 233, L
*a 87157719 1600 19,9 10.0 9,7 240, 394, 231, b
sn 8715779 1900 20,2 1044 9,2 219, 373, 219, LA
*a 8/15/79 2000 19,3 10.0 8,9 209, 363, 213, .
%% 8/15/79 2100 18,2 10,4 9.1 198, 338, 198, *w
*x 8715779 2200 17,6 10.7 8.8 200, 351, 200, e
e 8/15/79 2300 18,8 10.9 8,5 192. 344, 202 L
"% 8715779 2400 17,9 11.S 7.8 179, 343, 200, e
...l..l.'.i.l...!.......l..ilili.i!'..l.l..ll.t.l."l..l.l.l‘..
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EARARRR AR A AR ANNRARR R ARR AR AN R AR R AR AARARARA RN AACAANNARNRRAANRARNN RS

e HOURLY DATA LT
e DRY STACK GAS CONCENTRATIUN "
[ 1) L 1]
T3 02 co2 NO NO NO L 13
L1 L0AD voLx VoL PPMY PPMY NG/ J an
L1 DATE TIME HWTH MEAS MEAS MEAS 3X0¢ g
RARN AR AR R R AR AR AR R AR AR RN ARA RN R A ARAAR AR AR ARARNNNANARARNANRAANSARANY
e 8/16/79 100 17,3 10.7 8,8 198, 347, 204, [T
*s 8/16/79 200 17,6 10.9 8,5 198, 354, 208, e
te B/10/79 300 18,2 11e2 8,1 199, 367, 2106, "
te 8/10/79 400 18,2 1049 8,4 212, 379, 223. Ll ]
e 8/16/79 500 18,5 10.7 8,6 213, 374, 219, w»
e B/16/779 600 17,9 107 8,7 229, 402, 236, e
% 8/16/7179 700 19,0 110 8,4 216, 391, 229, e
*% 8/16/79 800 21,7 107 8,6 214, 376, 220, ok
*e 8/16/79 900 24,0 9.7 10,4 220, 352, 206, e
*r 8/10/79 1000 25,8 9.1 11.2 237, 360, 211, LA
*= 8/10/79 1100 20,4 8.9 10,7 229, 342, 201, LL
2% 8/10/179 1200 24,9 8.8 10,7 219, 324, 190, Ld
% 8/10/79 1300 27,2 8.9 10,7 206, 307, 180, LA
% 8/10/79 1400 0.1 8,8 ‘097 230, 340, 200, e
*w 8/16/79 1500 20,7 9.0 10,5 230, 3do, 203, LA
ar 8/16/79 1600 24,6 9.0 10,6 236, 355, 208, e
ra B8/10/79 1700 24,0 9,3 10,3 236, 304, 214, e
' 8/10/79 1800 23,4 9.5 10,1 239, 37S. 220, e
e 8/16/79 1900 22,06 9.7 9,9 23S, 376. 221, e
an 8/16/79 2000 22,6 9,7 9,7 233, 372, 219, e
xe 8/16/79 2100 19,9 9.7 9,6 217, 347, 204, e
e B/16/79 2200 19,3 10,]} 9,3 224, 371, 218, s
an 8/16/79 2300 16,1 10,3 9.1 223, 377, gel, L1
sa 8/106/79 2490 18,8 11,0 8,3 200, 362, 212, *w
!.‘QR!t.!t'.."..t.i..t.Itltli'.t.ll'.l.‘lt.ttl.l...l...t.."..
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143

an HOURLY DATA ey
a DRY STACK GAS CUONCENTRATION 113
L } ] L 3
ar ue co2 NO L11] ND L 1]
W LOAD yoLg vaLx pPPMY PPMY NG/J tw
an DATE TIME mMWTH MEAS MEAS MEAS 3202 “n
.t!ﬂ'!.ll'.i.ll.!tttt!l'ttlllﬁltttltlll'tllilt.".'tﬂlll.illtl'
ae 8/717/79 190 17.0 10.3 9,1 é29, 387, 227, e
*e 8717779 200 37,9 10.,8 Beb 208, 369, 216, b
an 8/177/79 Jov 17,0 11.2 8,1 200, 309, 217« e
ax 8717779 4900 17,6 10.9 8,4 20S, 367, 215, LI
e B/17779 $00 17,9 10.06 8,7 203, 353, 207, e
2e B/17279 000 19,9 £10,5 8,8 223, 384, 285, e
nn 8/17/779 700 19,6 10,0 8,7 224, 189, 229, a
an 8717779 800 20,2 10.5 8,8 224, 38e, 220, e
xm 8/17/79 900 23,4 9.3 10,0 256, 395, 232, a»
as 8717779 1000 26,4 8,8 10,5 21, 401, 23s, "
an 8/17/79 1100 28,1 8.5 10,8 274, 39, 232, LA
an 8/17/779 1200 29.0 8,3 1140 259, 368, 216, e
*® 8/17/79 1300 28,1 8.4 14,9 218, 341, 200, e
we 8/17/79 1400 29,9 8.1 11.1 225, 315. 185, ww
*e 8/17/79 1500 29,0 8,3 11,0 239, 340, 199, LA
wx 8/17/779 1600 27,5 8.5 10.8 238, 344, 202. e
an 8/17/77% 1700 26,7 8,7 10.6 239, 351, 206, .
=% 83717779 1800 24,3 9.0 103 236, 35S, 208, L
sn 8/17/79 1900 22,6 9.3 9,9 229, 353, 207, e
ee /17779 2000 2200 9.5 9,8 228, 358, 210, L
LA 8,17,79 2100 2200 9.4 9-“ 2180 33°' qut e
8717779 2200 2243 9.4 9.8 232, 361, 212, o
we §/17/779 2300 22.0 9.5 9.7 222, 349, 205, T
sw 8717719 2800 19.9 103 8,8 197, 333, 195, (1]
AN R AR AR AN NN RAN R IR A G AN SRR AN AR ACE R ARNAR A A RARNANN AN RANINARANERNONY
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ARRRAARARARANANNERRAPRRQRARRRAAANRNREARARARRARAANRAARARNAERRRARNY

[ 1} HUURLY DATA [ T
(1] DRY STACK GAS CONCENTRAVIUN e
(3] e
LA ue coe NO NU NO L1
L LUAD VOLX YOLX PPNy PPMY NG/J L1
L1 DATE TIME MPTH MEAS MEAS MEAS 3x02 e
ARRARAR AR R AR ARNE AT AR QAR RGRRRAARARNNERAS AN RARRSERRRARRRRRARARANAYR
«x 8/18/79 tuv 19,0 102 8,9 aud, 341, 200, e
%% 8/18/79 200 20,2 10.2 8,9 212, 358, 208, e
*® B8/18/79 300 tn,A 10,3 8,7 207, 150, 205, "y
ax 8718779 40 17,9 10.5 8,5 204, 351, 206, ae
e 8718779 sov 17,9 10,5 8,5 195, 33e, 197, e
*w B/18/79 pov 17,9 10.5 8,5 207, 356, 209, me
e 8718719 700 18,5 10,3 8,7 213, 380, 211, e
o 8/18/79 8go0 17,9 10,5 8,5 222, 38z, 224, L
aa 8/18/79 900 19,9 10,2 8,8 218, 3o5, 214, e
ae 3/18/79 1000 22,3 9.5 9,06 231, 3163, 213, (T
mn B/718/79 1100 25,5 9.0 10,1 ete, 319, 187, (1]
ae 8/18/79 1200 20,4 9,0 10,0 212, 319, 187, T
an 8718779 1300 27,0 9.0 10,4 214, 322, 189, T
e 8/18/779 1400 27.5 8,9 10,5 209, 312, 183, e
an 8718779 1Sg0 27,0 9.1 10,4 23S, 3Se, 209, e
am 8/18/779 1600 20,1 9,4 10,2 250, 389, 228, '™
aw 8/18/79 1700 24,9 9.5 10,1 2ol, 410, edl, 1]
an 8/18/79 1800 24,6 9.6 10,0 2864, 418, 2u4s, ae
ae 8/18/79 1900 23,4 9,7 9,8 261, 417, 245, e
an 8/18/79 2000 22,6 9.9 9,0 257, 418, 246, '
an 8/18/79 2100 22,0 10.1 9,4 248, 406, 238, '
an 8718779 2200 22,0 10,0 9,5 250, 411, 241, T
an 8718779 2300 20,2 10,0 8,9 237, 412, 2u2, e
an 8718/79 2400 19,0 10.7 a,7 231. 408, 238, T3
tnt
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AR R AN AN A RN R AN R AN AR R AR AR RN QA RN R R AR AN ARNRRA AR ANARARANAANSERY

[T HMUURLY DATA (1]
n DRY STACK GAS CONCENTRATION 'Yy
[ 1] [ ] ]
LAl 02 coe NO NO NG (1]
LL LOAD VOLXY vULX PPMV  PPMV NG/J e
a2 DATE TIME wMwTH  MEAS  MEAS MEAS  3X0¢€ LT
AR R RN R AR A AR RN RN ANARAR R AARRR RN A A A AR N AR RN CANARARCANRANRRARAARAD
ne 8/19/79 100 18,8 10,7 8,6 232, 407, 239, an
*e 3/19/79 200 18,8 11,0 8,3 222, 401, 230, "
ce 8/19/79 300 10,7 11.3 7.9 215, a01, 235, L1
s% 8/19/79 400 10,1 1.6 7.7 211e 398, 233, L1
sx 8§/19/79 S00 10,1 11.0 7.4 197. 379. 223, e
sa 8/19/79 800 16,1 11.4 7.5 207, 3%0, 229, bk
*n 8719779 To0 17,3 11.0 8,1 218, 394, 231, e
*a §/19/79 800 17,6 110 8,1 228S, 407, 239, Ll
*n 8/19/79 900 18,8 1069 8,2 224, 401. 23S, e
an §/719/79 1000 10,7 111 8,0 219, 400, 23S, Ll
*e §/19/79 1100 18,8 10.8 8,4 2208, 404, 237, e
*e 8/19/79 1200 19,3 10.6 8,7 233, 405, 238, e
en 8719779 1300 19,6 100 8,8 231, 401, 236, e
e §/19/79 1490 19,6 10.5 8,8 218, 375, 220, n
ww 87197719 1500 19,0 10.6 8.6 226, 393, 231, e
s 8/19/79 1600 18,5 10,7 8,4 226, 397. 233, ' T
e 8719779 1700 18,2 10,7 8,3 224, 393, 231, w»
se 8/19/79 1800 18,5 10,6 8,4 222, 38s, 227, e
*n 8719779 1900 18,2 10,7 a,3 221, 388, 228, e
s 8/19/79 2000 18,5 10,7 8,4 225, 39§, 232, L
we 3/19/79 2100 19,6 10,3 8,8 225, 380, 223, "
*n 8/19/79 2200 20,8 10,1 9,0 238, 394, 232, e
aa 8719779 2300 19.0 10.0 8,4 217, 317, 221, L
an 8/719/79 2400 16,8 10.7 8,3 214, 3%, 220, e
ane
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e HUURLY DATA e
1] DRY STACK GAS CONCENTRATION e
[ § ] L 1]
LA 02 coe NO NQ NO e
LA LOAD vaLx vaLx pPMyY PPMY NG/J e
aw  DATE TIME mwTH  MEAS  MEAS  MEAS  3Xu¢ ne
RERRAARARARRAARRARR AR RN AN EN R R ARARN RN RANRANARERRNARARRARAAARANG
xw §/20/79 100 19,0 10,5 8,5 226, 389, 228, "
aw 8/20/79 200 18,5 10,7 8,3 216, 379, 223, e
ne 8/20/79 300 17,3 10,8 8,0 201, 3156, 209, L1 ]
s 8/20/79 400 16,7 10.9 7.8 191, 342, 201, Ll
wa 8/20/79 Sov 178 10,7 841 193, 339, 199, e
ae 8/20/79 a0l 18,5 10,5 8,3 204, 158, 210, e
rx 8/20/79 Tov 19,0 10.3 8.5 213, 360, 2il, LA
mn 8/20/79 800 21,1 9.0 9,9 230, lod, 214, e
*w 8/20779 900 24,9 9.9 9.2 210, 374, 220, LL
ax 8724779 1000 27,8 8.8 10,7 299, 442, 260, *n
=e 8/20/79 1100 30,8 8.5 1140 310, 447, 203, e
e §/20/79 1200 33,1 8,0 1144 299, 415, 244, LA ]
ae §/20/79 1300 32,5 8,2 1142 300, 423, 248, w
aw 8/20/779 1400 33,4 7.9 11,4 a2s1, 389, 211, L
aw 8720779 1500 31,1 8,3 11,0 gue, 44, 202, L]
*w 8/20/79 1600 30,2 8,2 11,1 254, 358, 210, 2
as 8720779 1700 28,1 8,4 11,0 254, o4, 214, e
re 8/720/79 1800 27,2 8,5 10,9 253, 365, 214, "a
aw 8720779 1900 26,1 8,7 10,6 255, 374, 220, *»
*s 8/20/79 2000 25,5 8,8 10,6 248, 387, 215, e
*n 8720779 2100 24,9 9.1 10,2 244, 370, 217, [T
[ 2] 8/29/79 2200 22.6 °|5 9.8 232. 36“. Zl“. L]
ax 8720779 2300 22,8 9.0 9,7 221, 350, 206, e
ea 8720779 240U 19,0 10,6 8,7 201, 343, 201, i1

AERARAR R AAR A RN AR AR AN A AR NAERARARN P RAA R R TR ANR AN CARAR AR AR RRE Y
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AARARRARNAGRAN R AR R A SRR RGN A R AR AR RAARN R A RNARNR RN ARARARREARREN AR R RS

e HUUKLY DATA e
an PRY STACKM HAS CUNCENTRATIUN LE
[ 2 ] L X'}
e VP €02 NU NO NU e
L) LUAD vuLZ vuLx PPMY PPMY NGZJ [T
(L] DATE TIME MwTH MEAS MEAS MEAS 3x0¢ "y
ARRRARNA R A NA R AR AR AR R AR N R ARARRNRPAQARAAANRRRRARARNREADTOEAR R Y
*h 87217719 ' Vv j8,7 10,) 8,7 2vs, 351, 2006, "
*e 8/721/79 2on  jo,4 10,9 8,0 192, 344, 202. LL
®e §/21/719 300 15,8 11.1 7.8 186, 3av, 199, e
ew 8721779 q4ov 17.6 105 8,5 2006, 355. 208, T
e B/721/779 S09 15.5 19.3 8.7 lql. 323, 189, L]
*e 8/21119 slUv 13.5 10.3 e., lobt 33‘. 190, ke
*% 8721719 Tou 19,90 V.2 8,9 197, 330, 193, L2 ]
*e §/21779 Bou 21,1 10,0 9,1 207, 340, 200, L]
e 8721779 9900 24,9 8.9 10,4 233, 348, 204, L3 ]
= §/21/79 1000 29.3 8,2 11.2 239, 337. 198, L1
an 8721779 1100 33,1 7.0 11,7 224, 301, 177, *a
ee 8721779 1200 31,9 8,1 11,3 17, 303, 178, "
s 8721779 1300 29,3 6,3 11,0 221, 314, 184, *a
ae B8/21779 1400 30,2 7,8 11,5 e2l, 3oe, 177, ae
mn B/21/779 1500 29,6 8,4 11,0 243, 3us, 204, "
aw 8721779 lovo 29,3 8,1 11.3 242, 338, 199, e
an 8721779 1700 26} 8,4 11,0 241, 345, 203, L1
ae 3/21/79 1300 27,2 8,0 10,7 233, 339, 199, e
se 8/21/79 1990 24,9 4,9 10,4 230, 143, 201, e
»e 8721779 2000 24,0 9.1 10,2 242, 387, 2le, an
we 8/21/79 2100 24,8 9,0 10,2 238, 3158, 210, TS
wx 8/21/79 2200 23,4 9,2 10,0 237, 303, 213, 1
s 8/21/719 2300 22,9 9.3 9,9 230, 35S, 208, e
za 8/21/79 240U 20,2 10,2 8.8 205, 343, 201, (33

RER AR AN SRR A R ERN AR A AN SRR R PR A R T RS AR TR AR AN AR AR R AN P T AN R ERAARA R ANy
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ARARR AR R R AR AR AN NAN ARG A R R AR AP AR AN RA N AR R AR AR AN E AR AR AR AANO R R AR GO

e HUURLY DATA L
LA DRY STACK GAS CONCENTRATION L1
L L ] [ ¥ ]
[ 13 02 coe NO L1} NO e
" L. 0AD yuLx YULX PPMY  PPMV NG/J e
ex  DATE TIME MwTH  MEAS MEAS  MEAS  3%0¢ "
ERARAALL AR S ARAR LR AR R AR QA AR AR AR R AR A AR RARAR AR AARRARRARRERRRRANR
s 8/22/19 tuo 19,0 10.1 8,9 213, 153, 207, Ll
a 87227719 200 18,2 10.4 8,5 215, 37, 215, "
ar /227719 00 17,3 100 8,2 21d. lob. 216, e
*m §/22/79 400 16,7 10.7 8,0 207 383, 2i3. ua
an B/22/7% SU0 16,1 10.% Te9 202, 352, 212, L1
me 8/22/79 600 10,7 10.7 8,0 196, Jud, 202, LLJ
e B/22/719 00 20,5 1040 8,9 215, 31513, 207, L L)
e 3722779 800 20,5 10.1 8,8 207, 343, 201, LA
*w 8/22/7% Quu  23.4 9.2 10.3 220, 337, 198, LA
*n 8/22/7% 1000 26,1 8.8 10,6 24e, 364, 214, wn
e /22779 1100 27,8 8,7 10,7 253, 3N, 218, LA
xw 8/22/79 120v 29,0 8,0 10,9 244, 3155, 208, L4
wn 8/22/7171¢9 1300 27.8 8,5 11,0 233, 336, 197, e
wn 8/22/79 1400 29,3 8.4 1161 238, 341, 200, e
ne 8/22/19 1S00 28,1 8.4 1.0  25S. 385, 214, e
®e 8/22779 1600 29,3 8,4 1141 271 388, 226, e
an §/22/79 1700 29,3 8.6 10,8 205, 415, 2dd, Lo
*e Q/22/79 180¢ 28,1 %1 10,3 28a, 434, 295, e
e 8/22779 1900 20,4 8.8 10,6 269, 39, 234, ww
e 8722779 2000 24,3 9,1 10,3 258, 391, 230, we
sa 8722779 2100 24,1} 2,3 10,1 252, 389, 226, L4
aw 8722779 2200 23,4 9,4 10,0 237, 309, 217, e
aw 8722779 2300 22,0 9.8 9,0 222. 358, 210, ww
an 8722779 2400 19,6 10,7 8,5 200, 351, 200, e

l.l.t"..ll"i!.ll!t.lt.l'lll‘.ll.'."‘.'ll.'ill!"l‘..“'l.lil
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CARRARAARR A RAR AR T RRARANARACR LR AAAN AR R RN EASRARRAR RSO dReSARARNS

[T HOURLY DATA L]
= DRY STACK GAS CONCENTRATION LE ]
*w L1 ]
Le 02 co2 ND NO NO e
La LOa0 voLY vaLx PPMV PPHY NG/J e
L3 DATE TIME MwTH MEAS MEAS MEAS 320¢ (1)
FTRAREE AR AR QAN RARNAA R AR AR AN AR R T ARRAR A RN RGARNAARNARRARANRARANDARG
ax 8/23/719 100 18,2 10,9 8,7 198, 341, 200, LT
*a 8§/23/19 200 18,2 10.7 8.4 195, 142, 201, LL
e 87237719 300 18,7 10.9 8,1 193, 345, 203, e
&e §/23/779 400 16,1 11.1 7.9 189, 345, 203, LA
e §/23/7719 500 16,1 11.3 7.7 178, 132. 198, L)
" §/23/179 60U 16,4 11.3 T.8 179, 334, 196, Ll
*s 8/23/79 700 19,3 1047 8,5 190, 344, 202 Ll
«n 8/23/79 800 ]q.b 10.7 8,6 202, 154, 208, Ll
e 8/23/79 900 22,3 9.7 9.7 235, 370, 221, ‘e
sx §/23/79 1000 24,3 9.2 104 238, b4, 214, e
®n 8723779 1100 27,2 8.9 10,8 e3s, 352. 207, L]
*e 8/23/79 1200 27,5 «0 o0 O, 0. 0o e
e« 8/23779 1300 25,2 1 o0 O, Q. O ta
ex 8/23/779 1400 27,85 9,3 10.4 236, b4, 218, LA ]
e §/23/779 1500 20,4 o0 o0 Qe 0. [ e
*n §/23/719 1600 25,2 «0 o0 Q. 0. Do e
s §/23/779 1700 24,9 0 od 0. 0. O L4 ]
®% 8/23/79 1800 23,4 0 o0 Ve ' e *a
*h R/723/779 }°oo 22,9 .0 0 Q0. 0, 0. e
e §/23/79 2000 21,4 0 o0 0 0. Do *a
an 8/23/79 2100 21,7 o0 o0 Ge Qe 0o L3
*n 8723779 2200 20,5 0 o0 [\ 29 0 0. LA
®e 8/23/19 230V 20,5 ' 0 «0 Oo Oe 0o *e
sa §/23/79 24900 19,3 0 o0 L' Y 0, 0. e

BRARARN AR RGN AR AN RN ANEAR N ARR RS RRNARN AR AR AN RARRANARANARNRRARARRAEAY
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ARRARRAARNRAARARARRRARRARNARNAANRRRANNRACRARARRANCRNRRANAANARARA R

(1] HUURLY DATA L]
e ODRY STACK GAS CONCENTRATION ty
(] ] e
" 02 co2 NU NU NO L1
LA LOAD vOoLX voLx PPMY PPMV NG/J ay
s%  DATE TIME MwTH  MEAS  MEAS  MEAS  320¢ e
AAARARRARRRARRARAARARAS QG RAR NN R AR AR R AR AANARKR R AR ANNERANNRNNR G AN RS
we B8/24/79 100 7,6 .0 o0 0, 0, Oe L
an 8/24/79 200 16,7 ol 0 0, 0, 0, *e
ar 8/24/79 300 17,6 0 o0 0, 0, 0, LT
ax 8/24/19 400 18,2 o0 0 0, 0, 0, e
rw 8724779 S0 18,2 o] N e, 0, 0, '
aw 8/24/79 60V 17,6 o0 o0 0, 0, 0, na
an 8/24/79 700 18,2 0 o0 0, 0, 0, e
s 8/24/79 800 19,0 0 0 0, 0, 0. L]
*a 8/24/79 900 22,0 0 o0 0. 0, 0. 117
an 8/24/71719 1000 24,3 o0 o0 0. 0, Ue e
wx 8/24/79 1100 26,4 o0 o0 0. 0. Oe e

= 8/24/79 1200 27,0
an /24779 1300 27,5
*a 8/24/79 1400 27,8

9.0 10,5 227, 34y, 200, aw
8
8
s 8/24/19 1500 2S.2 9
9
9
9

9 10,8 239, 357, 209, L]
8 10,9 224, 33, 195, .
0 10,7 237, 3Se. 209, bdd
an 8/24/79 1600 24,9 3 10,4 234, 301, 212, e
sm 8724779 1700 24,0 S
an 8/24/79 1800 22.6 9 9
an 8/24/79 1900 21.4 1065 9
sh §/24/79 200U 20,5 105 9
an 8/24/79 2100 20,5 10e4 9
9
9
8
.

10,1 231, 363, 213, e

7 223, 3Jo3, 213, LL )

2 215, 370, 217, e

2 2ela, 38, 216, e

4 210, 358, 210, e
®® 8/24/79 2200 20,5 104 3
*n 8/24/79 2300 20,2 10.5 2
N 8/24779 240u 17,0 11.4 2
ARRR RN AR RN AR AR A AR AN AR QP ANRO AN RSN L]

212. 3oy, 212. L]
209, 360, 211, "
lqs. 307, 216, e

BARARRERERDNRRARRNIEANANRARNY
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" HUUKLY DATA LE ]
e DRY STACK GAS CUNCENTRATION e
e e
L1 02 coe NU NQ NO T3
e L0aD voLY voLz PPMHYV PPNy NG/J L
1 1 DATE TIME MwTH MEAS MEAS MEAS 3202 L

AR RN R QAR RN A AR R A AT R AR AR R R AN R AR RAARRARNRARRNARARARNRRNARS AN AR
aa §/25/7179 10 20,5 10,4 9.3 218, 3720 218, e
an 8/25/79 200 19,0 10.8 2eva, 362, 12, s
*w §/25/19 300 17,6 11.0 197, 350, 209, Ld
*® 8/25/19 400 17,6 111 201, 367, 216, e
*n §/25/779 S00 17,6 11.1 198, o2, 212, Ll
aw §/25/79 600 10,7 11.3 204, 380, 223, "
"n 8/25/79 700 17,3 11,0 204, 369, 217, L]
an 8/25/79 800 10,7 11,2 195, 360, 211, L1
an 8/25/79 900 20,5 10 219, 37q, 217, L
ae 8/25/79 1000 20,5 10 222, 371, 218, Ll
an 8/25/79 1100 22,3 9 224, 349, 20S, e
an 8/25/779 1200 23,4 9 220, 342, eo01, Ll
9
9

—a e
TRODOTODOLHOHLOLHOCOLHLDODDDDDD® O
.

«n 8/25/779 1300 23,4 220, 34de, eol, e
an 8/25/79 1400 22,6 198, 308, 181, e
*x 8/25/79 1S00 21,4 10,0 206, 338, 199, as
ew 8/25/779 1600 19,9 10,2 205, 343, 201, L1
wn 8/25/79 1700 20,2 10.2 209, 350. 205, L]
ae 8/25/719 1800 19,6 10.4 212, 16t. 212. T
na 8725779 1900 19,0 10,6 218, 379, 222, xn
ax 8725779 2000 16,8 10,7 218, 383, 225, e
ax 8/25/79 2100 19,6 10.5S 212, 365, elq, L1
an 8/25/779 2200 19,0 105 211, 303, 213, 1 ]
an 8/25/79 2300 17.6 11.0 189, Jue, 201, L 1]
nn 87257179 24ou 17,6 10.8 183, 324, 190, 'Y

RS RARRA ARG O R R AR N AR AR A RN R RANNNARANT NN AR EaanntnAaanaNRanRany

VIECOD O UWNEQ e BN AWNG O
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ERRAARARNR AR AR I P AN SRR AR AN R AN N A R AN AN AN AN R R AR AR ANAAN RN ARNAN AN

T MOUKRLY DATA e
e DRY STACKX GAS CONCENTRATIUN '
*h L 1)
Li 0De €02 NO NO NQ an
L1 LOAD vOLX voLx PPMY PPHY NG/J an
*x  DATE TIME mMwTH  MEAS MEAS  MEAS  3X0¢ e
AR AR R AR AN AN A AN AR N AN ARG AR AN A AR RN AN AR AN AN R AR ANNT IR RARANAARR ANy
*e 8/20/179 1vo 17,9 10.5 8,7 183, 315, 185, (T
*n §/726/779 20U 18,7 11.0 8,1 173, 313, 184, [ T
ws 8/26/79 300 15.8 11.2 7.8 170, 314, 184, re
"N 8/26/79 400 1e,4 11.0 8,0 174, 315, 185, LT
tn 87258779 500 10,7 11.0 7.9 172, 311, 183, L4 ]
an 8/20/719 0400 1o,4 119 1.9 181, 321, 192, L4
*n 8/26719 700 18,2 1048 6,4 195, 3de, 203, e
*r /20779 800 17,0 1048 8.8 197, 349, 205, LL
e 8/26/79 900 17,3 10,8 8,4 199, 3513, 207, e
ex §/26/719 1000 18,8 1065 8,8 201, Jdo, 203, "
*x 8/26719 1100 19,0 1044 9,1 201, 343, 201, tx
te B/20/79 1200 18,8 1040 8,8 190, 34, 200, L 1]
*n 8/26/79 1300 19,0 10.5 9,0 290, 344, 202, ne
" §/26/79 1400 18,8 1047 8,9 185, 3és. 191, e
tn 8/20/79 150V 18,2 10.9 LY ) 180, 3e2. 189, e
*a 8/26/179 1600 19,8 10,4 8,7 196, 334, 196, e
*n 8/26/79 1700 19,9 103 9.1 197, 313, 195, LA
e 8/26779 1800 18,5 10.2 9,2 199, 333, 19S5, L4
e 8726779 1900 19,0 10.3 e,1 20t 339, 199, LA ]
w8 8/26/779 200V 18,8 10.4 9,0 2095, Ju9, 205, La ]
tn 8/26779 2100 20,5 101 9.5 214, 35S, 208, e
an 8/26/779 2200 21,4 9.9 9,8 233, 379, 223, [T
e /26779 2300 20,42 10.5 9.2 223, 384, 225. e
®® 8/20/79 2400 18,2 1140 8,5 206, 372, 219, L]
ARN

ANARR AR ARR N AN AARRAARN G RABAR RN RN
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RARER AR R AR R ARN NN NARR R R AR ARRN NN R RN ARR RPN RRAR AN AN N ARNENRARRRANQARAN Y

an HUOURLY DATA TS
b DRY STACK GAS CUNCENTRATION e
aR L X
L1 02 cae NO NO NO e
1] LUaD vOoLx voLZ PPMY PPMy NG/J e
L1 DATE TIME MWTH MEAS MEAS MEAS 3Xx0¢ '
AAREARAARE R AN AR N R AN AN AN QA AR AN NN ANR AN RN ARARRENRARTNI R ARAREAN RN D N
an 8/27/79 10 tH,8 10,7 8,9 a7, 381, 224, L]
2 8/27/719 200 17,3 11.1 8,5 204, 373, 219, LA
®e 8/27/19 300 1m,7 11,.3 8,3 202, 377, 221, L
ne 8/27/179 800 to.4 11,3 8,1 196, 365, 215, e
*s 8727779 SO0V 16,7 11,3 8,0 190, 354, 208, L1
re 8/727/79 600 17,6 11,2 8,t 190, 382, ele2, "e
ax 8727779 700 18,5 10,9 8,5 202, 302, 212, an
ax 87277179 8ov 19,0 11,0 8,5 202, 368, 214, e
ns 8/27/79 %00 22,0 10,0 9,8 229, 370, 22!, L1
en 8727779 1000 26,1 9.3 10,5 242, 373, 219, "
ax 8727779 1100 27,2 9,0 10,8 249, 375, 220, L1
an 8727779 120V 29,0 8.5 11,0 252, 3bd, 214, L
an 8/27/79 1300 29,0 8,5 t1,2 247, 357, 209, L 3
ax 8/27/79 1400 29,3 8,5 11,1 241, 348, 204, e
re 8/27/79 1S00 28,4 8.5 11,1 247, 357, 209, *e
se 8/27/79 1600 28,4 8.4 11,1 261, 374, 219, T
na 8/27/79 170u 27,5 8,8 10,7 273, [T 237, L1
an 8727779 1800 27,0 8,9 10,5 267, 398, 234, aw
an 8727779 1900 25,8 9.3 10,3 21, 418, 246, "
ax 8/27/79 200v 24,3 9,4 10,0 250, 398, 234, L T
aw 8727719 2l10u 24,9 9,3 10,1 236, 304, 214, LT3
ne 8/27/79 220V 22,0 10.1 9,2 232, 38s, 226, e
an 8727779 2300 20,2 1044 8,8 220, 385, 220, L1
e 8/27/79 2400 16,5 10.9 8,2 201, 360, 2tl, L1

AR AR RN REARARAR R AAARTI A G RARR AR R AAANANRRQAANRRARARNR R AR OARNRA R RARD

153

KVB11-6015-1225



RRRRRR R AR AR AR AN RARRN R R AR TR PN R ARAR RGN R RA NN AP AARNENERARAR

*n HUURLY OATA e
r DRY STACK GAS COMCENTRATION P
(] ] L1}
b 0e co2 NO NQ 1] ay
L1 LUAD vOoLx vOLX PPMY PFMyY NG/ J ne
*a  DATE TIME MwTh  MEAS  MEAS  MEAS 3x0¢ T
ARRRAR AR RN R ARARAR R AN AN PR R A AR A AR IR AR AR RN RARAR T ARARNARNAARNASNRSANR S
* §/28/19 100 18,5 10,7 8,4 209, 307, 215, #
an §/28/79 200 18,2 10.8 8,4 202, 358, 210, LI
"e 3/2B/779 300 18,5 iDeod B.0 ‘qql Jab, 203, L)
an 8728719 490 18,2 10.7 8,6 200. 151, 206, %
ne 8728779 S0 18,8 10.6 8.6 191, 332, 19S, L
an 3728779 60u 18,2 10.6 8,5 210, 365, 214, e
re 3728779 Tou 20,2 10,4 A, 8 214, 365, 214, e
an 8/28/79 80y 20,5 10.1 9.2 205, 340, 199, 2
re 8/28/79 900 23,4 9.3 10,0 218, 330, 198, m
"e 8/28779 1000 26,1 8,9 10,5 2208, 334, 3%, wn
Re B/2B/79 1100 27.8 8.4 11,0 237, 339, 199, e
aw 3/28/79 1200 31.1 8.1 11,3 238, 335, 19S. L3
e BS2B/T9 1300 29,3 4,6 10.9 250, o4, 214, e
s 8728779 1400 29,6 8.6 1u,7 228, 332, 195, e
an 8/28/79 1500 32,8 7.7 11,6 232, 315, 185, e
" 3728779 1600 31,4 8,40 1144 239, 332, 195. L4 ]
An 8/28/79 1700 30,5 4.2 11,2 262, 389, 217, "y
2w B/28/79 1800 27,2 8.0 10,8 250, 364, 214, e
aw §/28/79 1900 24,6 8,9 10,3 244, 1sd, 214, e
e 8/28/79 2000 23.4 ) 10,0 243, 159, FAR Y n
n 8/28/79 2100 24,0 8.3 10,6 225, 320, 108, L
*x 8/28/79%9 2200 24,0 9.2 10,0 237, 3e3, 213, bl |
tx 8/28/79 2300 22.6 .6 9,7 227, 300, 211, LA
*n 8728779 2400 19,9 10+6 8,6 211 387, 215, *n

ARRARAAARAA AR AARARRN R AR AQAS AN AR RARANSAR R AR A AARSNRTARARARAAR RNy
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RARRERAARARRRRARARARAAR ARG ARAREN AR ARAAANRRAAAARNARRARNARARRAARAAANRRNY

e HUURLY DATA [T
PN DRY STACK GAS CUNCEMTRATION xn
'Y} e
e u2 co2 NO NO NO e
e LOAD  VULX  VULX PPMV PPNV NG/J "
' 0aTE TIME MwTH MEAS MEAS MEAS 3%0¢ re
ARNAR AR R A AR R AN R RARAAR PR R AR RAR AR AR A ARANANARAN R NN RN ARARRARANAR AR
an 87297179 10 18,5 10,8 B.6 214, 319, 223, L1
o 8/29/79 200 lb.’ 11,0 8.2 205. 37l| 218. e
re B/29/79 300 16,4 11,2 8,0 199, 367, 216, LL]
an 8729779 400 0,1 11,2 8,0 evee 373, 219, LA
e 8/29/79 Sov 18,2 10.7 8,7 212, 372. 218, "
*e §/29/719 60U 18,8 10.5 8,9 228, 392, 230, okl
an 8/29/7719 700 20,5 1v.2 9.2 220, 374, 222, e
*n §/29/779 800 22.0 9.7 9.7 231, 309, 217, Ll
*n 8/29/79 900 26,4 9.0 10,5 254, 382, ead, L
e 8/29/79 1000 30,2 8ol 11,3 271, 379, 223, an
"n 8/29/79 1100 32,8 7.5 1261 272, 363, 213, e
wn 8/29/779 1200 34,3 Tev 1245 252 325, 191, La
an 8/29/719 1300 34,3 7.2 12,3 251. 328, 193, e
"n 8/29/779 1400 34,6 0.9 12.5 256. 327, 192, La
®e 8/29/79 1500 33,7 7.3 12.2 2SS, 136, 197, "
*x §/29/79 1600 31,4 8.0 11.7 2719, 387, 227, LA
an 8/29/79 1700 30,8 8.4 11,4 278, 398, 234, LA
tn §/29/719 1800 31,1 8.3 1145 282, 401, 235. LA ]
a8 8/29/79 1900 29,3 8,9 11,0 28e¢, 427, 250, e
*x 8/29/79 2000 27,2 8.8 1141 268, 3%, 233, "
we 8/29/79 2100 27,8 8,4 11,3 254, 304, 214, =
aw 8/29/79 €200 25,5 8,9 107 248, 370, 217, e
e 8/29/79 2300 24,3 9.3 10.3 242, 3173, 219, b
% 8/29/79 2400 19,9 10.0 8,9 223, 388, 228, L1
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RERR AT RN R R AN AARR A AN AR R AANRRN A RN AN R RNAARAAR RO ARARRRNN AR ATRN RN RN

L 1] MUURLY DATA [ 13
oa DRY STACK GAS CONCENTRATIUN ne
e 'Y
L1 ve coe NO NO NU te
(1] LUAD vuLX vOLX PPMY PPMY NG/J L1
aw DATE TIME MnTH MEAS MEAS MEAS 3%02 L]
ARRARARANARARRAA AR R ARREGAANARRERAGARARRARAARRARANRAARANARRARRANYR
an 8/30/79 LIV0 18,5 10,86 8,8 221, 392, 230, "
*a 8/30/79 200 16,7 11,0 B,0 204, 309, 217, e
an 8/30/79 300 10,4 11,0 8.4 204, 309, 217, L]
e 8/30/79 400 10,4 11.2 8,2 200, 369, 217, e
ae 8730779 500 19,7 11,1 8,3 186, 340, 199, aw
en 8730779 600 17,0 11,0 8,4 192, 347, 204, '
en 8750779 Tov 20,2 10,2 9,3 206, 345, 202, LT
*e 8/30/19 800 22,3 10,0 9,6 196, 322, 189, a»
aa 87307179 900 24,9 9.3 10,4 215, 33e. 198, T
an 8§/30/79 1000 27,0 6.9 10,8 223, 333, 19S, L1
e 8/30/79 1100 29,0 8,8 11,0 236, 349, 205, s
*a 8/30/79 1200 29.3 8.6 10,9 248, 361, 212, #e
*e 8/30/79 1300 29,8 6,0 11,2 253, 388, 216, s
ee 8730779 1400 30,8 8,2 11.4 252, 1SS, 209, L
re 8/30/79 1500 30,8 8.2 11.3 260, 37S. 220, e
aa 8/30/79 1600 30,5 8,2 11,2 206, 378, 222, an
ae 8730779 1700 30,8 8o1 11,4 20806, 400, 235, L 1]
s 8/730/79 1800 30,5 8,3 11,2 280, 398, 234, L]
ax 8730779 1900 27,8 6.0 10,9 272, 396, 232, [T
*x 8/30/79 2000 27,5 8.8 10,7 264, 391, 229, e
xw 8/30/79 2100 27,8 8.0 10,9 246, 358. 210, L1
*% §/30/779 2200 25,8 93 10e2 249, 3184, 226, “
*x 8730779 2300 29,0 9,4  10.1 248, 386, 227, s
*w 8/30/79 2400 20.2 10.3 9,1 234, 395, 232, v

ARRRRARARRAARN AR AR AR RN AAR AR RN SRR RARNARNR R A RN A RRARARARNAREARANANAR
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T} HUURLY DATA L
LA DRY STACK GAS CUNCENTRATION n
L1} an
" 0e coe NU NO NO i T
" ' LUAD voLx VULXY  PPMV PPMY NG/J ne
an UATE' TINE MwhTH  MEAS  MEAS  MEAS  3X0¢ "
ARRREARRAN AR AANR R R AR AAR AN R AR R P AR A AN AN S QAR AR ARNN AR A ANN PRGNS ANY
am §/31/79 100 19,9 10.3 9,1 245, 414, 243, (1]
e B/31/779 200 tH.8 10,8 8,7 214, uae., 246, (]
sx 8/81/779 300 1740 1141 8,2 225, 411, 241, n
*s 8/31/779 409 1740 10.9 8,5 216, 387, 227, L 1]
rw 8/31/79 S00 18,2 1140 8,4 205, n, 218, aw
*a 8§/31/779 oNy 18,5 10,8 8,7 221, 392. 230, e
an 8/31/79 700 2240 9.9 9,7 246, Q00 23S, e
sa 8/31/779 800 23,4 9.b 10,2 2Si. 398, 233, Ll
*x 8/317719 900 27,8 8.0 1049 270, 393, 231, %
ne 8731779 1000 33,7 5.9 12.3 232, 297, 174, e
*e 8/31/79 1100 34,0 Te2 1242 246, 321, 189, -
e 8731779 1200 32,8 T¢4 1240 249, 330, 194, e
ne 8/51779 1300 32,8 0.9 12.2 253, 323, 190, e
ax 8/31/79 1400 31,9 7.3 11.8 249, 328, 192, b
*a 8/31/779 150v 30,8 7.8 1142 26d, o1, 212, e
s 8/31/79 100V 32,2 Tel 12.0 265, 344, 202, e
na 8/31/79 1700 31,6 7.3 11.9 208, 353, 207, '
*% 8/31/79 1600 30,2 Te8 11,3 263, 359, 211, e
e §/33/779 1900 29,3 Te0 11,3 255. 48, 205, e
ae §/31/79 2000 27.5 8.0 1161 222 308, 181, e
s 8/31/79 2100 29,3 Te7 11,3 188, 255, 150, L1
"% 8/31/79 2200 28,1 8.4 11,1 212. 304, 178, e
mw 8731779 2300 290 8.5 11¢2 238, 344, 202 e
*e 8/31/79 2400 26,1 9.0 10.8 224. 337, 198, in
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AR RN AN R R AR R R AR AR PR RN R AR TR R AN AN R A AN R EAANRAREANRRRANN AN Y

T HUURLY DATA T
Ld ) DRY STACK GAS CONCENTRATION an
an e
e 0e Coe NO NO NQ e
b LOAD VvOLXY vOLXY PPMY  PPMV  NG/J e
**  DATE TIME MWTH  MEAS  MEAS MEAS 330¢€ "~

AR R RARRA QAR AR R AR AR AR R AR A AR R AN RN AN ARNARAREARAARRAR AR AR R AR Y
e 9/ 1/79 tvo 24,9 9,2 10,7 220, 337, 198, "
w® 9/ 1/79 200 22,9 9,8 '10.! 200, 323, 189, LA ]
"= 9/ 1/1719 Jo0 20,5 10.3 9.4 182, 307, 160, e
ae 9/ {/79 400 19,0 10.6 2 175, 304, 179, e
"® 9/ 1/79 500 B8 11.3 4 160, 298, 175, LL]
e 9/ 17719 600 18,5 1140 8 159, 2817, 169, wa
a8 9/ 17719 700 20,2 10.7 1 1606, 291, 171, L1
an 9/ 1/79 800 20,2 10,5 3 171, 294, 173, e
s 9/ 1779 900 20,5 10,5 S 170, 293, 172, a»
e 9/ 1779 1000 22,9 9, 2 195, 312, 183, 'Y
9/ 1/79 1100 26,1 9 8 214, 327, 192, e
w 9/ 1/79 1200 27,S 8 2 223, 32s, 191, L 1]
sx 97 17719 1300 27,5 8 1 252, 370, 2117, L 3
te 9/ 1/79 1400 27,5 8 2 269, 379, 223, =
"= 97 1779 1500 25,8 8 8 274, 402, 236,
e 9/ 1/79 1600 24,9 '8 6 2717, 413, 243, e
am 9/ 1/19 1700 24,0 9 s 209, q0S, 238, e
9 2 2s7, 393, 231, L1
9 8 241, 378, 222, an
9 4 232, 374, 220, e
9 t 229, 353, 207, s
9 T 238, 3717, 221, e
2 225, 370, e2!, L1
2 221, 373, 219, L1
*

AAARBANAANTRNANARNARADAROA Y

*s 9/ 1/19 1800 24,3
= 9/ 1/79 1900 22,9
"e 9/ 1/79 2000 21,1
&x 9/ 1779 2100 23,1
s 9/ 1/79 2200 21,1
*x 9/ 1/79 2300 19,3 10.2
e 9/ 1/719 2400 19,0 10,3

2 QO OVODO O IVOCOC " e OO DODOPD®O
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BARRR AN AN RQN AN RN AR AN ANA QAR AN AR R RAN AR AR AR A ANARARRARERRARNAAARAR

159

an HOURLY DATA e
e DRY STACK GAS CUNCENTRATION ne
L] ] e
e 02 coe NO NGO NO e
L1 LOAD voLx vuLg PPNY PPHV NG/J e
tn  DATE TIME MWTH MEAS MEAS  MEAS  330¢ e
.It-t.ii.t.l.!!it.t.!tt.llt.ll'ln.i'li'.'tilill.tllllt!l'i.llll
te 9/ 2779 10 19,3 10.0 9,3 218, 3sa, 210, L1
w9/ 2/79 200 18,2 10,5 4,8 200, 355. 208, Ll
e 9/ 2/79 300 10,7 10.6 8,0 199, Jdeo, 203, L
ax 9/ 2/79 400 17,6 10.2 9,0 205, 343, 201, e
e 97 2/719 500 14,2 10.3 9,0 202, 341, 200, "
sx 9/ 2/79 600 17,6 10.5 8,9 208, 358, 210, e
*s 9/ 2779 700 17,0 10.4 9,0 209, 350, 209, 1
e 9/ 2/79 800 18,5 10.3 9,2 208, 151, 206, Ll
te 9/ 2779 900 17,3 10.7 8,0 185, 32S. 198, Ll
am 9/ 2/79 1000 17,0 100 8,8 194, 337, 198, e
ax 9/ 2779 1100 18,8 10.3 9,1 201, 339, 199, Lo
ae 9/ 2779 1200 20,2 100 9.5 211, 347, 203, an
*e 9/ 2/79 1300 21,7 9.7 9,8 217, 347, 204, 113
*e 9/ 2/79 14800 21,7 9.9 9.7 209, 340, 200, Ll
s 97 2779 1500 19,0 1040 9,2 210, 3oS, 2l4d, "
s 9/ 2/719 feg0 18,8 10.6 9,1 208, 361, 2l2. tw
w9/ 2779 1700 18,5 1047 9,0 211, 370. 217, e
e 9/ 2/79 1800 18,2 10.9 8,8 207, 371, 218, L
*e 9/ 2/79 1900 17,9 1049 8,8 209, 374, 220, e
*% 9/ 2/79 2000 17,3 11.0 8,8 209, 378, 222, e
*e 9/ 2779 2100 19,0 10.5 9.4 212, 305, 214, e
ns 9/ 27719 2200 18,8 10.5 9.4 2204 379, 222 LA
LW 9/ 2779 2300 18,2 10.8 9.0 202, 354, 210, L]
*% 9/ 2779 2400 (7.6 108 8,9 198, 351, 206, Ld ]
[ £ 3 ]
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AR RN AN RS ANA N R AR A AR NN G W R R AN AR RN RN N RAREARRARRAARAAARARRRRARS

[ 1] HUOURLY ODATA [
e DRY STACKR GAS CUNCENTRATIUN e
L 1 L3 ]
L] 02 coe NO NO NO L1
L] LOAD voLx voLx PPMY PPmy NG/J L4 ]
s DATE TIME w“nTH MEAS  MEAS MEAS 330¢ e
ARARRRARARARRRRAR AR ARARNSENRRENAARRNANREAQANRANANAARREARSAANRA TR Ry
= 9/ 3/79 100 1842 10.0 9,2 200, 348, 204, e
*x 9/ 3779 200 17,0 10,9 8,9 191, 342, a2v1, e
a 9/ 37719 300 1b,.8 10,4 9,4 199, 339, 199, e
aw 9/ 3/79 400 18,5 10,4 9,4 199, 339, 199, TS
wx 9/ 3/79 S00 18,8 10,5 9,3 193, 332, 195, =
e 97 3779 600 18,5 10,6 9.3 207, 300, 211, "
ae 97 3719 700 18,5 10,5 9,3 208, 355, 208, e
e 9/ 3/79 80u 18,8 10.5 9,3 199, 343, 201, w
e 97 3/79 900 2U.2 1043 9,6 209, 353, 207, L3
an 97 3779 1000 18.8 10.0 9.3 208, Joi, 212, LR
s 9/ 3/79 1100 18,5 10.6 9.2 208, 3510 212, k&
sn 97 3/79 120u 19,0 10.4 9,5 216. 3606, 210, L34
ee 97 3779 1300 t9,0 10.3 o0 217, 360, 215, e
ex 87 3/719 1400 9,9 10.2 o0 202, 338. 198, L]
*x 97 3/79 1500 18,5 o0 ) v, Do 0, e
wx 94 3/79 1600 10,5 1040 9,0 190, 330, 194, Lh ]
an 9/ 3779 1700 18,8 1001 9,7 183, 303, 178, 'y
ae 97 3/79 1600 18,8 10.1 9,7 183, 303, 178, e
*a 9/ 3/79 1900 18,8 10.0 9,8 184, 302, 177, L1
"% §7 379 2000 19,9 1040 9,9 184, 302, 177, e
*% 97 3/79 2100 2240 9.3 10,0 193, 298, 175, "
™ 9/ 3/79 2200 21,7 9.4 10,5 19%. 304, 178, "
“n 9/ 3/79 2300 19,9 9.9 9,9 185, 3ul. 177, o
te §/ 3/79 2400 19,0 o0 .0 0. 0. 0, e

BN RN R R AN R AR AL RN AR R AN A EAN AR NN N AR R A AN AR R AN AANANANARE N AN O,
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AR AR AR AR AN NN L R A RAARRA RN RN RN AARR R AR ARARN N ASARAN AR ARNANRANRRE Y

(1] MUURLY DATA [ 2]
" DRY STACK GAS 'CONCENTRATIUN . L
an \ e
bkl 02 Coe NO NO NO "“n
LL] LUAD vuLX vOoLX PPy PPmV NG/J am
as  OATE TIME MwTH MEAS  MEAS MEAS 3X0¢ '

.'Itl.t.l..!ltltlt!.tilgli.tl.tl..t.l!l‘lt!'l!!tlll‘.tlllt.ltl-
= 9/ 4/79 1V0 19,0 10,0 9,7 189, 310, 182, L]

ax 9/ 4/79 200 16,8 10,0 9,7 192. 315. 185, L1
ar 9/ 4779 300 16,5 10,0 9,6 192, 31S. 185, e
" 9/ Q779 400 17,9 10.3 9,2 181, 306, 179, Ll
®r 9/ 4/79 Su0 38,2 10.3 9,2 185, 312, 183, e
&% 9/ 4/79 o0V 17.6 105 9,0 165, 318, 187, bl
we 9/ 4/79 Tuv  17.9 104 9,0 193, 329. 193, L1
ew 9/ d4/79 aouv 19,9 1002 9.3 1906, 328, 193, L
an 9/ 4/79 900 20,4 9.5 10.2 200, 323, 190, LA
ak 9/ 47719 1000 29.3 8.9 109 23S, 3St1. 206, e
R 9/ 47719 1100 33,7 8.2 11,1 254, 358, 210, . ®w
"% 9/ 4/79 1200 33,7 7.9 11.06 245, 337, 198, e
an 9/ 4/79 1300 34,0 Te4 1244 253, 335, 197, *a
ee 9/ 4/719 1400 34,9 7.2 12.5 252, 32%9. 193, e
w9/ 4/79 1S00 35,2 7.0 12.8 294, 379, 222, e
ae 9/ 4/79 1600 35,2 7.0 12.8 298, 384, 22S. bl
w97 4/179 1700 35,7 0e? 13,0 293, 309, 217, e
e 9/ /79 1800 33,7 7.1 12.7 283, 3o7, 216, LA
e 9/ 4/79 1900 30,8 8.3 11,0 2690 411, 241, e
*n 9/ 4/79 2000 29,3 8,9 11,0 276, 412, 242, L)
"% 9/ 4/79 2100 32,2 R0 11.8 20606, 369, 217, L2
*w 9/ 4/79 220U 30,8 8.0 112 2606, 387, 227, bl
"% 9/ 4/79 2300 27,8 9.0 100 262, 394, 231. e

*e 9/ /79 2400 2240 100 9.4 230, 388, 228, bl
.'.'.-........‘.........."....."'..."..-'.'...'..."........
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AREAARRE A RANE RN R AR R AN R R AR E AN R AR RN AN AN RN AR EARNRARNRANARANNNAANAR NS

L1 HOUKLY DATa e
w DRY STACK GAS CONCENTRATIUN w
*w L1}
L ¢} 02 NO NO ND L T
Lh LUAD vuLX voLXx PPMY PPMYV NG/J T
®x  DATE TIMe MWTH  MEAS  MEAS  MEAS 1%0€ "
ARRER AR AR AR R RN R AR N AR AN R R AR R A NERARNEARARARRRARARARRARRAANRNRO S
*x 97 5719 100 22,0 9.7 9.8 24s, 392, 230, L T3
ax 9/ 5/719 200 19,9 10.4 9.0 230, 192, 230, LA
*% 9/ S/79 300 18,7 - 11,2 8,0 200, 3av, 223, T
= 9/ S/719 q0v 18,2 10,9 8,4 213, 381, 224, [ 29
97 S/719 S00 19,8 10,5 8,9 204, 351, 2us, e
*n 9/ S/79 600 19,9 10,4 9,0 193, 329, 193, "
e 9/ 5/79 700 22,0 9.9 9,6 207, 337, 198, e
*n 97 5/719 800 25,5 9.4 19,2 219, 34y, 200, LT
e 97 5779 990 27,8 8,9 10,9 251, 374, 220, wn
ar 97 5779 1000 32,2 8,0 11,7 250, 347, 204, T3
" 97 5779 1100 32,2 7.7 12,0 250, 339, 199, [ 1]
an 9/ 5/79 1200 32,5 7.2 12,1 353, 331, 194, o
*n 9/ 5779 1300 31,) 7.3 11,8 2602, 345, 202, o
en 97 5779 1400 30,8 7.7 15,48 272, 369, 217, "
% 9/ §/79 1500 27,2 8,4 10,7 272, 390, 229, ==
" 9/ 5/79 1600 30,5 | 8,0 11,5 292, 408, 238, an
ae 97 S/79 1700 30,8 8,t 11,5 284, 400, 235, (3]
*n 97 5779 180v 29,0 8,5 11,1 260, 375, 220, L]
tn 97 5779 1900 28,4 8,5 11,1 260, 375, 220, L4 ]
aw 9/ 5779 2000 20,4 8.9 10,8 248, 370, 217, e
an 97 S/79 2100 28,1 8.4 11,3 226, 324, 190, an
an 9/ 5779 2200 24,b 9.4 10,3 229, 3Se, 209, e
e 97 5/79 2300 22, 9,9 9,5 216, 351. 206, "
an 97 5779 2400 19,3 11.1 8,4 199, 363, 213, L} ]

RAER S AR ARNRQRAIRREATagaNRagantnsRaantadassntlansasalannantoantans
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[ 1] HUURLY DATA e
LA DRY STACK GAS CONCENTRATION na
[ 1] aw
LA 02 coe NO NO NO e
L1 LUAD voLx voLx PPMY PPHY NG/J e
e DATE TIME MWTH MEAS MEAS MEAS 3x0¢ L1
AR R AR R AR R QAR R AR R AR AR RN G R AARARN PR AR ARNARAARRRACARNNARRRARARANARRY
re Q7 5/79 100 20,5 10,4 9,2 220, 378, 220, L1
N 9/ o/79 200 19.6 10,4 9.3 224, 382, 2, Ll ]
*e 9/ o/79 300 19,3 10.0 91 212, 308, 216, L1
e 9/ o/79 40v 18,8 107 8,9 199, 349, 205, e
e 9/ 6/79 500 19,3 10,6 91 185, 322, 189, e
aa 9/ 6/79 600 19,3 10,0 9,1 197, 342, 201, Ll )
te 9/ o/79 700 19,9 10.6 9,1 194, 3137, 198, e
tn 9/ o/79 800 22,0 10,3 9.5 198, 334, 196, e
s §/ 6779 900 24,0 .4 9,4 227, 353, 207, [ 1]
s 9/ /79 1000 27,5 9.0 10,6 234, 3s2. 207, L]
e 9/ 6/79 1100 27,8 6.9 10,8 238, 355, 208, L
e 9/ /79 1200 2b&,4a 8.8 10,9 2306, 349, 205, L]
' 9/ /719 1300 28,1 8.8 11,0 242, 3158, 210, L}
w9/ o/79 1400 27,8 8.8 1049 246, 364, eld, e
an 9/ 8/79 1500 27,5 8,9 10.9 251, 374, 220, Ll
ax 9/ §/79 1600 27,2 8.9 10,8 247, 368, 216, L]
e 9/ /79 1700 20,7 8.9 10.7 247, 308, 216, e
N G/ 6779 1800 25,2 91 10,4 245, 372. 218, e
er 9/ o/79 1900 23,4 9.4 10,0 245, 381, 22d, e
e 9/ /79 2000 22.6 9.5 9,9 233, 300, 215, e
a9/ 6/79 2100 24,9 %1 10,4 210, 319, 187, e
" 9/ /79 2200 22.3 9.8 9.5 210, 339, 199, e
"t 9/ 6/79 2300 21.48 9.9 9,5 211, 343, 202, n
ne 9/ 6779 2400 17,3 10.8 8,2 193, 342, 201, LA

SRR AR ARG AN R AN RN AR RS R AARRAR N AAR N AT R A ANRAR RN A AR AN RANARARGA RN
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RN R R R R R R RN R AR R R AL R A AR RN AR AR AP AN AR R RN EARCA AR A AR R RN AR RO

(1] HOURLY DATA "
1) DRY STACK GAS CONCENTRATIDUN e
e 1
L4 02 co2 ND NO NO .o
R LOAD YuLx YoLX PPMY PPMV NG/J LA
e DATE TIME MuWTH MEAS MEAS MEAS 3X0€ (L]

l.‘lllitti.tt.ililliltt.l!l.!t..tttl‘at.t.llll.t!ti!ltlttt.!lt.
e 9/ 1/79 1vo 18,8 to.1 9.2 238, 394, 232, w
wk 97 7779 200 18,5 10.4 8,8 228, 389, 228, LL
ae 97 7/79 300 10,7 10.7 8,4 215, 377, 222. TS
“w 97 1/19 400 16,7 1047 8,4 202, 354, 208, Ll ]
2% 9/ T/79 500 18,2 10.4 8,7 197, 330, 197, L
w9/ 77719 600 18,5 10.4 5.8 209, 356, 209, Ll
te 97 1/79 Too 19,3 10.3 8,9 205, Jue, 203, ke
** 9/ T/79 800 21,7 9,9 9.5 217, 353, 207, L]

*x 9/ 7/79 900 24,3 9,2 10,0 228, as, 08, L
*a 9/ /79 1000 26,1 9.0 10.6 235, 353, 208, te
aw 97 T/719 1100 27.5 4.8 10.8 237, 153, 206, e
*x 9/ T/79 1200 28,4 8,06 1140 218, 317, 186, L1
*x 9/ T/719 1300 26,4 8.5 111 22l 319, 187, "
rx 9/ 7/79 1400 27,8 8.7 10,9 215, 345, 202, "2
e 97 7779 1500 27,S 8.8 10,7 243, 359, 211, an
*x 97 7779 1600 25,2 9,3 10,3 231, 366, 215, e
o 9/ T/79 1700 24,3 9,2 10,4 236, 361, 212, T
sx 97 T/79 1800 22,9 9.5 10,0 238, 374, 219, L1
we 9/ 7/79 1900 21,7 9,8 9,7 232, 34, 220, s
sx 97 T/79 2000 20,5 10,0 9,4 230, 374, 22e, e
zx 9/ 7779 2100 22,0 9,8 9,0 225, 303, 213, "
*s 97 7/79 2200 20,2 10,1 9,2 224, 371, 218, L1
aw 97 7719 2300 20,2 10,1 9,3 222, 308, 216, L L]
wa 9/ 7779 2600 18,7 10,7 8,5 204, 358, 210, .
AR R AR R R R AR R RN AR R AN AR AR A R R R AR AR R R AR AR AN AN PR AR N ERRARAARNREN SN NR Y
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AARRRAR R AQRAR R AR R AR QAR N AR AARAAAR R AR ARRNARAEARNRAANCRNARARRNARAY

[T HUURKLY DATA e
LA DRY SYACK GAS CONCENTRATION r
ae T3
' 02 €02 NO NQ NQ [ Y
[ 1] LuAD voLx vyoLx PPMY PPMY NG/J e
L DATE TIME MwTH MEAS MEAS MEAS 30 Ll
ARERARR R R AR AR E R ARA RN AR AR AR R AR R AAAROR R A RARAR A RARNAARARNARARRRARNRD
&e 9/ 8&/779 U0 8,8 10.4 8,9 ell, 363, 213. L1

xs 9/ 8779 20v 19.0 10.3 9.0 221, 373. 219, bl
we 9/ 8/79 Jou 17,0 100 8,0 215, 374, 219, Lh
*x 9/ 8/79 400 17,6 10.0 ] 21, 367, 21S, e
an 9/ 8/79 S00 173 10.8 8 201 356, 209, L
tn 9/ 8719 000 17,0 10.8 8 207, 307, 21S. Ld )
an 9/ ¥/719 700 jb,8 104 8 207, 353, 207, LL
tw 9/ 8779 800 18,5 10,0 ] 199, Jde, 203, LA
aw 9/ 8779 900 19,0 105 8 191, 329, 193, e
8 9/ 8/79 1000 21,7 9.8 9 209, 337. 198, e
9 214, 339, 199, e
] 202, 314, 18S, ok
0 225, 336, 197, e

S
[']
3
9
7
7
6
ar 9/ 8779 1100 22,3 5
0
S
7 252. 373, 219, e
7
9
0
()}
1
2
2
i
S
5
| |

9
*e 9/ 8/79 1200 23,4 9
ne 9/ B8/79 1300 20,1 8,
e 9/ 8779 1400 26,4 8.
®& 9/ 8/79 1500 26,1 8, 277, 413, 243, '
240, 412 242, e
255. 431, 253, bl
253, 427, 2s1, "
258, 432, 253, e
262, 434, 25§, n
262, 434, 25S, e
273, 4S7, 268, na
254, 4ao, 202, '
2u8, 427, 251, e

AAARARARASARRARRANARREENAR

0
*w 9/ 8/79 1000 18,8 10.2 8
e 9/ 8779 t700 18,8 103 9
an 9/ 8/79 1800 18,8 10.3 9
ax 9/ 8/]79 1900 18,8 10,2 9
*a 9/ 8/79 2000 8,8 10,1 9.
ae 9/ 8/79 2100 19,3 10.1 9
% 9/ 8/79 2200 16,5 10,2 9
xx 97 8/79 2300 10,7 10,7 8
e 9/ B/79 2400 17,3 10.5 8
RRATR B A AR AANAARARN RN ARARRRAT IR RN
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l'lll"!'l.l"l.l’l.l!l.l-.'lltﬁtt.‘!'l.nt'...'t.'I...t.....'..

1 HOUKRLY DATA e
L DRY STACK GAS CUNCENTRATION "y
e e
L1 02 coe NO NO NO ne
L t0ADp  VULX yOLY PPMV  PPMY  NG/J e
sx  DATE TIME MwIN  MEAS  MEAS MEAS 31X0¢ s
ll!ltlltt'.ltt"ill-!tt.!.tllit.-.'t'li.t..!ltll'i!l.l.itt.llit
*x 9/ 9/79 1uo0 37,0 10,3 8,9 244, 412, 242, e
= 9/ 9/79 20V 18,2 103 8,9 247, 17, 245, L1
e 9/ 9/79 300 17,8 10,4 8, 247, a1, 247, )
ax 97 9779 400 17,3 10,8 8,6 202, a2l, 247, e
e 9/ 9779 S0V 17,0 10,7 8,4 232, 407, 239, 'S
aa 97 9779 000 16,4 10,7 8,3 235, al2, 242, '
s 97 9/79 700 17,0 10,5 8,0 238, 410, 241, T
aa 97 9779 800 38,8 10,2 q,0 247, 413, 243, "
na 97 9/79 900 17,6 10,5 8,6 237, 408, 239, e
se 97 9/79 1000 37,0 10,4 8,7 243, 41a, 243, [T
aa 97 Y79 1100 18,8 10,1 %,0 250, 4la, 243, e
aw 97 979 1200 20,2 10,0 9,2 2528, at4, 243, ne
*e 97 9779 1300 19,0 10,2 9,2 240, 4ui, 230, e
=2 97 9779 1400 19,3 10,4 9,1 227, 387, 227, "
an 97 9/79 1500 .38,2 10,5 8,9 238, 406, 238, 'Y
ae 97 9/79 1600 18,5 10,4 8,9 223, 380, 223, e
as 97 979 1700 18,5 10,3 9,1 228, 385, 22, e
e 97 9/79 1800 19, 10,1 9,3 238, 394, 232, e
22 97 9/79 1900 20,2 10,0 9,5 257, 422, 248,
*t 9/ 9/79 2000 20,8 9.9 9.7 251, 408, 240, e
*s 9/ 9779 2100 24,0 9.0 10,6 262, 394, 23, e
*% 9/ 9/79 2200 23,4 9.2 10,4 271, 415, 243, L1
®x Q7 9779 2300 21,7 S.7 9.9 259, 414, 243, LL]
ew 9/ 9/79 2400 2042 1040 9.3 243, 399, 234, *n

ARANR R AR AR A AR R AR PR R A ARG A RN A AR ANR S ARRR AN AR R ARARNSARA G ANANR AN RAN
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.tl.nl'..l.l!l.lil'.lt'.Qt!!lit..n't'l...l.!ltl.‘..'lltill'!lt'

e HUURLY DATA LT
LE DRY STACK UAS CUNCENTRATION L
[ 2 s
'] ue cue NO NO NO ey
LA LAAD vOoLX vuLl PPMY PPUV NG/J e
L1 DATE TIME mwTH MEAS MEAS MEAS zXu¢ e
AR AR AR RN AR A AR AR AR AR ARR SRR AR AARN AR RRRERARAN RN AR ENANRNARARAR
an Q719774 100 19,0 10,9 8,8 227, 391, 229, e
*% 9710779 200 {o,U 10.,9 5.2 2'2. 3790 2230 L]
tw 9710479 300 17,9 10,5 8,7 219, 3177, 221, LA
ax 9710779 40V 17,9 10.5 8.4 220. 379, 222+ LA
ax 9/10/79 S0 17,6 0.0 8,8 217, 377, 221, T
e 9710779 00U 18,2 10.9 8,9 229, 394, 231, LA
ae 9/10/79 700 20,2 0.2 9,3 242, 408, 238, LA
s 9/10/79 800 22.0 9.9 9.7 249, 4uS. 238, "
e 9710779 900 25,5 8.5 1141 2717, G400, 235. LA
=% 9/10/79 1000 27,8 8.4 11.1% 208, 384, 22S. L1
ax 9710779 1100 29,» d,4 111 2950, 307, 215, L
wk 9/10/79 1200  30.8 7.9 119 229 315, 185, e
«n /10779 1300 28,% 3,5 1.1 230, 332, 19§, [ L]
&% 9/10/79 1400 27,8 8.5 11,0 247, 357, 209, e
®% 9710779 1500 27,2 8.5 10,9 259 374, 220, e
ax §/10/79 1600 27,8 8.7 10.9 260, 81, 224, LA
am 9710779 1700 27.8 8.4 111 252 o1, 212, LA
aa 9/10/79 1800 27.S ) o0 0. 0. 0, e
am 9/10/79 1900 25,8 o0 ] O, O O L)
amx 9710779 2000 2%5.2 o0 0 O Qe [+ 1Y L]
«x 9/10/79 210v FLPY ) ) M) 0. O« [+ 29 L2
&% 9710779 2200 22,9 ol o0 O« Oa De LE
" 9/10/79 2300 21,0 ] o0 0 0. O e
an 9/10/779 240V 19,0 o0 .0 0, 0, 0. e

."'..."'..‘I"‘it.....‘.t‘.l.ll'!'.i".l'll'l‘l‘!i.lt'.lll‘.‘
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AARRAAN AR ARAAC R AR A NA R RN R A AN AR R AR A AAT R AR N AN AA AR RN EANARN TR IRAS

1] HUURLY DATA e
LA DRY STACK GAS CUNCENTRATION L
ak [ 1)
LL 0e co2 NO NO NO '
L LOa0 voLy voLXx PPHY PPMy NG/J "
L L DaTE TIME mwTH MEAS HEAS MEAS 3%02 e
AN BN A ENAARNANA R AR AR AR AN AN RN EANAN SO N A ANKARANARARAAAARNAARGARR Y
re 9/11/19 100 18,5 0 0 0 O« Oo e
ae 9/11/79 200 17,0 «0 0 0, 0, 0, e
an 9/711/79 300 to,4 Y] .0 0, 0, 0, L 2
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