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ABSTRACT

This is a final report on a test program to evaluate the long-term
effectiveness of combustion modifications for lowering emissions from
industrial boilers. During previous programs short-term tests have been
performed on industrial boilers to determine the effect of combustion
modifications on air pollutant emissions such as Nox, SOx, CO, HC, and
particulate. The objective of this program was to determine whether the
combustion modification techniques which were effective for short-duration
tests are feasible for a longer period. This report presents the results
of a 30-day field test of a 76.2 MW (260,000 1lb steam/hr) output, pulverized-
coal-fired water tube boiler. The NOx control technology employed on this
unit was staged combustion air and low excess air. The results indicate
that staged combustion air and low excess air can be effective techniques
for NOx control. However, additional operational problems such as flame
stability can be encountered. The baseline NO measurement was 498 ng/J

(815 ppm @ 3% O,, dry) with the unit operating at approximately 70% of

'
capacity. At a;proximately the same load, low NOx operation yielded an

NO emission level of 422 ng/J (691 ppm @ 3% O2 dry) for a reduction of
approximately 15%. The average NO emission level for 30 days, firing with
staged combustion air and low excess air at loads varying from 15 MW to 63

MW, was 340 ng/J (557 ppm @ 3% 02, dry). Boiler efficiency showed an increase

of approximately 1% under low NOx firing condition.
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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 brought about reduction of air pollutant emissions
during short-term tests are feasible for longer periods. In addition, boiler
performance and reliability were monitored. The combustion modifications 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 thermal
output (50,000 to 250,000 lb steam/hr). Fuels to be burned include natural
gas, light oil, residual oil, and coal. This final report is for a 76.2 MW
thermal output (260,000 1lb steam/hr) pulverized-coal-fired boiler using staged

combustion air (SCA) and low excess air (LEA) 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, CO, CO, and Op. Boiler efficiency was calculated 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, documenting test equipment,
summarizing the test data, and discussing the data in relation to the control

technology employed for this type of boiler.

1.2 RESULTS

A pulverized-coal~-fired boiler using SCA and LEA as the NOx contrel
technology was selected for this field test. A survey was made of previous
tests conducted on pulverized-coal-fired boilers with SCA as the NOx control
technology. It was desirable to select a boiler which had been tested pre-
viously in order to know its capability for low NOx operation and to minimize
setup time.

1 KVvB11-6015-1224



The boiler tested at Site 3 was selected on the basis that previous
testing had been performed by KVB and the unit had shown a capability of
operation under low NOx conditions. Selection of a unit in this category
was limited because the desired capacity is the lower and of the range for

pulverized-coal-fired boilers.

A survey and analysis of the population of industrial boilers is
presented in Reference 4. This study showed that pulverized-coal-fired
boilers account nationally for only 12% of the total of cocal-fired industrial
beilers.

After permission to test was obtained, the continuous monitor was
shipped to the site and installed. The next task was to perform the
certification tasks outlined in Performance Specifications 2 and 3, 40 CFR60,

Appendix B. (See Appendix D, this report.)

Following the monitor certification, the 30-day field test was conducted.
The test was set up according to "Plan for Performing Source Evaluation Tests
in Support of NSPS for Industrial Boilers." Emissions of NO, CO, CO,, and
O, were measured continuously. Particulate measurements were made in triplicate
at the start and conclusion of the test pericd. In addition, triplicate
particulate measurements were made with the boiler in the as~found (unmodified)
condition. Measurements of polycyclic organic matter were made in both the

low NOx and unmodified condition.

Results of the 30-day test are discussed in detail in Section 3.0.
Table l-f presents a summary of the 24-hour averages of the stack emissions.
The result of the statistical analysis of the data is illustrated in Figure
1-1 where the 24~-hour averages for all boiler load conditions are plotted on
log-probahility paper. These data indicate that the NO data are log-normally
distributed and the mean value is 340 ng/J with a geometric dispersion of 1.13.
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TABLE 1-1. SUMMARY OF 24-HOUR AVERAGES OF STACK EMISSIONS
FROM A PULVERIZED-COAL-FIRED BOILER
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1.3 CONCLUSIONS

Based on the results of this 30-day field test, the following con-

clusions are presented.

1. Staged combustion air is an effective NOx control technology
for certain pulverized-coal-fired boilers. The low NO_ mode
(SCA) was maintained for 42 days with an average NO emission
rate of 340 ng/J. Boiler load varied from 14.4 to 63.0 MW
thermal input.

2. Boiler operation in the low NOx mode (SCA) required special
attention to the burners. With the upper two burners biased
for operating air rich, a problem with flame stability can
be encountered.

3. The continuous monitor system utilizing an extractive sampling
system provided accurate, reliable data for the 30-day test
period. Daily calibration of instruments is necessary as is
preventive maintenance on the sample system.

4. Operation of industrial boilers ususally is characterized by
large swings in load. Any effective control technology must be
capable of operation over large load changes. Staged combustion
air by biasing the mills is effective at the upper load range
but presents operational problems at low load.

5 KVBl1-6015-1224



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 equipment 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 continuous
monitor is shown in Fiqure~2-1. Gaseous 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, COZ, and 02. The sample gas is delivered

to the analyzers at the proper condition and flow rate through the sampling

6 KvB11-6015-1224
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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

KVB11-6015~-1224



and conditioning system shown schematically in Figure 2-2. A probe with a
0.7-micrometer sintered stainless steel filter was installed in the stack to
sample the flue gas. The following paragraphs describe the analytical in-

strumentation.
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 photomultiplier tube, the output of
which is electronically processed so it is 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 is accom-
plished by means of a small bellows pump mounted on the vent of the instru-

ment downstream 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 N02 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, stain-

less steel coil. With the application of heat, NO, molecules in the sample

2
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 con-

verter in operation.

Specifications

Accuracy: 1% of full scale
Span drift: % 1% of full scale in 24 hours

Zero drift: I 1 ppm in 24 hours

9 KVB11-6015-1224
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Power requirements: 115 * 10V, 60 Hz, 1000 watts

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

Sensitivity: 0.5 ppm

Linearity: = 1% of full scale

Vacuum detector operation

Range: 2.5, 10 25, 100, 250, 1C¢00, 2500, 10,000 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 NO; and the small percentage of NOp in the flue gas, based
on previous tests (References 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 (CO;) concentrations were
measured by Horiba Instruments PIR-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 coatinuously. The differential absorption appears
as a reading on a scale of zero to 100% and is then related to the concentration
of the species of interest by calibration curves supplied with theinstrument.
A linearizer was supplied with the CO analyzer to provide a linear cutput
over the range of interest. The operating ranges for the CO analyzer are
zero to 500, zero to 1000, and zero to 2000 ppm, and the ranges for the

CO, analyzer are zero to 5, zero to 10, and zero to 20%.

Specifications

Accuracy: 1% of full scale
Repeatability: £ 0.5% of full scale

11 KVB11-6015-1224



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

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

Power requirements: 115 VAC t 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 aqueous KCL solution, retained in the
sensor by the membrane, serves as an electrolytic agent. As Teflon is
permeable to gases, oxygen will diffuse from the sample to the cathode in

the following oxidation-reduction reaction:

Cathode reaction: o2 + 2H20 + 4e -+ 40H

Anode reaction: 4ag + 4C1 -+ 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%, zero to 10%,

and zero to 25% oxygen.

Specifications

Accuracy: ¥ 1% of full scale or ¥ 0.05% 0, which ever is greater
Sensor stability: ¥ 1% of full scale per 24 hours

Response time: 90% in 20 seconds

Output: 0-10 MV

Power requirement: 120 ¥ 10 VAC, 60 Hz

12 KVB11-6015-1224



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 in-
itial velocity traverse and the particulate sample collection. Dry particu-
lates are collected in a heated case that contains, first, a cyclone to separ-
ate particles larger than 5 micrometers and, second, a 100-mm glass-fiber filterx
for retentio; of particles down to 0.3 micrameters. 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 collection of organic vapors by means of a high surface area polymeric
adsorbent (XAD-2) proved highly efficient for collection of all but the more
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 cool the stream and protect the dry-gas meter, and their

contents are discarded.

13 KVB11-6015-1224
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2.1.4 Opacity Measurement

Stack opacity was measured continuously in the stack with a trans-
missometer permanently installed by the plant. 1In addition to the transmissometer
reading, a visual determination of opacity was made. The visual determination
of opacity was made by a qualified observer provided by EPA. The procedure,
Method 9-CFR60, Appendix A, was followed for all tests where particulate were
measured. Opacity measurements for each particulate test are tabulated in

Table 3-4.

2.1.5 Data Recording

The millivolt output from the gaseous analyzers was recorded on two
dual-channel strip chart recorders and a 20-channel digital data logger. The

following paragraphs describe the recorders.
A. Strip Chart Recorder--

The strip chart recorders were Linear Instruments Corp. Model 432

two-channel crossover recorders. The recorder specifications are as follows:

Input span: 1 mV to 100 VDC

Accuracy: t 0.5% span

Temperature stability: 1luv/°C

Response: 0.5 sec. over full 250 mm span

Zero: Right hand zero in standard. 100% zero suppression is standard
Power requirements: 115 VAC, 60 Hz, <20 watts

Weight: 11.4 kg (25 1b)

15 KVB11-6015-1224



B. Digital Data logger=--

The data logger used for recording analyzer output was a Monitor Labs

Model 9300 microprocessor-based data logger.

The data logger has capability

for input of 20 channels of analog voltage, current, and temperature. The

data logger specifications are as follows:

Ranges: ¢t 30,000 mW, & 300.00 mW, * 3.0000 Vv, % 12.000 V

Resolution: 1uV on 30.000 mV range (1 part in 30,000 except on 12V
range; then 1 part in 12,000}

Accuracy: % 0.02% reading * 0.01%; Range * 1 digit

Input impedance: 100 megolms

Temperature range: Operating, 0° to 50°C (32° to 122°F)
Storage, =20° to 65°C (-4° to 149°F)

Relative humidity: 0 - 95%, non-condensing
Main frame power: 115/230 V % 10%, 60 Hz, less than 125 watts

Main frame dimensions: 18cm x 48.3cm x 56 cm (7" x 19" x 22")

Main frame weight: 18.2 kg (40 lb)

16
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2e2 BOILER DESCRIPTION AND CHARACTERISTICS

The boiler tested at Site 3 was manufactured by Erie City Company in
1963 and is installed in a small midwestern power station. It is a 76.2 MW
(260,000 lb/hr steam) pulverized-coal-burning unit of the two-drum Stirling
type as shown in Figure 2-4. The unit is face-fired with four CE burners
arranged in two rows of two. Pulverized coal is supplied to the burners by
two CE Raymond Bowl mills.

Figure 2-4. Two-drum Stirling boiler
for pulverized coal (Typ.).

The unit also has the capability to fire natural gas. The boiler utilizes

either propane or natural gas for startup.

Incoming combustion air is preheated by a two-pass tubular-type air
heater. The flue gases pass through a pendant-type superheater before beginning
the final boiler pass. Superheated steamtemperature is controlled at 910°F by
a coil-type attemperator. Fly ash is removed by a ten-compartment structural
baghouse similar to the type shown in Figure 2-5. Material collected in the
baghouse hoppers is periodically discharged at the bottom through a pneumatic
conveying system. Bottom ash from the boiler is mixed with water and piped

to a settling pond and eventually used for landfill.

17 KVB11-6015-1224
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Figure 2-5. Typical simple baghouse with mechanical
shaking (Wheelabrator Corporation,
Mishawaka, Indiana).

The unit is a balanced draft type with both induced draft and forced draft

fans.

The following design data apply to Test Site 3:

Boiler rating: 76.2 MW (260,000 1lb/hr) steam flow
Design pressure: 6.3 MPa (900 psiq)

Design temperature: 761K (910°F)

Year built: 1963

Furnace volume: 552 m3 (19500 ft3)

Furnace heating surface: 460 > (4950 ftz)
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SECTION 3.0

TEST RESULTS

This section summarizes the emission and efficiency data collected on
the pulverized-coal-fired boiler. This field test took place over a period of
44 days. The tests were conducted with a low-sulfur western coal as the fuel.
The results presented herein summarize the gaseous and particulate emissions
data, efficiency, and conclusions for the boiler operating on the low-NOx

condition for extended duration.

3.1 CONTINUOUS MONITOR CERTIFICATION TEST 5

The continuous monitor described in the previous section was used to
measure 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 Specifications.
Appendix B (see Appendix D of this document) establishes minimum performance
specifications that the NO monitoring system must meet in terms of eight para-
meters: 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 the analyzers were
initially calibrated on May 30, 1979. A daily event schedule for the certi-

fication tests is presented in Table 3-1.

The performance of the continuous monitor is summarized in Table 3-2
where the measured values are compared with the specification values. Included
in this table is the performance of the CO analyzer, which is not covered by
the performance specification. The CO analyzer is used to monitor the combus-
tion conditions in the boiler since it is a very sensitive indicator of combus-
tion performance. 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. SCHEDULE OF CERTIFICATION TEST EVENTS
Date Tize Bvent
6=4-79 1000 Calibration error detemmination
6-5-79 0850 Initial 24~hour zerv and span reading.
Initial 2-hour gezo and span reading.
6=5-79 0850 lst 2-hour zero and span drift point
6-5-79 1080 2nd 2-hour szero and span drift point
6~5-79 1250 3rd 3-hour gero and span dArift point
6~5-79 1450 4th 2-hour sera and span drift point
6-5-79 1650 Sth 2-hour zero and span drift point
6-5-79 1850 6th 3-hour zero and span drift point
6~6=79 0850 7th 2-hour gero and span drift point
~6~-79 0850 1st 24~hour sero and calibration drift
point. 1Initial 2-hour zero and calibration
reading.
6=6=79 1050 8th 2-hour zero and span drift point
~6-79 1250 9th 2-hour zero and span 4rift point
6~6-79 1450 10th 2-hour gzero and span drift point
6~6~79 1650 11th 2-hour gero and span drift point
6~6~79 1850 12th 2=hour zerv and span drift point
6=7-79 0850 2nd 24~-hour zero and calibration drift
point, initial 2-hour zero and calibration
zreading.
6=1=79 1050 13th 2-houxr zerv and span drift poant
6=7=79 1250 14th 2-hour zero and span drift point
6-7-79 1450 15th 2-hour zero and span drift poant
6~7-79 1650 16th 2-hour zero and span drift point
6=7=79 1850 17th 2-hour gero and span drift point
6=7=79 1000 Instrument response time tests
6-8-79 0850 3rd 24-hour zero and calibration Arift
6~8-79 0930 lst set of relative accuracy samples taken
~6-79 1030 2nd set of relative accuracy samples taken
6-8-79 1130 3rd set of relative accuracy samples taken
6~6~79 1230 4th set of relative accuracy ssmples taken
6~8-79 1330 Sth sest of relative accuracy sacples taken
6=-6~79 1430 6th sst of relative accuracy samples taken
6~6-79 1530 7th set of relative accuracy samples taken
6~8-79 1630 8th set of relative accuracy samples taken
6~6-79 1730 9th set of relative accuracy samples taken
6~9-79 0850 4th 24-hour zero and calibration drift
point
6~10-79 0850 Sth 24-hour serc and calibration drifc
point
6=11-79 0850 6th 2¢-hour gero and calibration drift
point
6~12-79 0850 7th and final 24-hour zero and calibration
Qarift point
7-10-79 0830 lat set of relative accuracy samples taken
7=10-79 0930 2nd set of relative accuracy samples taken
7-10-79 1030 3rd set of relative accuracy samples taken
7-10~79 1130 4th set of relative accuracy samples taken
7=10-79 1230 Sth set of relative accuracy samples taken
7-10-79 1330 6th set of relative accuracy samples taken
7=-10-79 1430 7th set of relative accuracy samples taken
7=10-79 1530 8th set of relative accuracy samples taken
7-10-79 1630 9th set of relative accuracy samples taken

20

KVB11-6015-1224



TABLE 3-2. INSTRUMENT SPECIFICATIONS AND PERFORMANCE

Parameter Specifications Performance

A. Thermo Electron Series 10 NOx Analyzer

1. Accuracy < 20% of mean ref. value 17.70%

2. Calibration error mid < 5% cal gas value 1.05%

high < 5% of cal gas value 0%

3. Z2ero drift (2 hour) 2% of span 1.99%

4. Zero drift (24 hour) 2% of span 1.79%

5. Calibration drift (2 hour) 2% of span 1.40%

6. Calibration drift (24 hour) 2.5% of span 0%

7. Response time 15 minute maximum 83 sec

8. Operational period 168 hour minimum 720 hr
B. Horiba Instruments PIR 2000 Co2 Analyzer

1. Zero drift (2 hour) £ 0.4 pct COy 0%

2. Zero drift (24 hour) £ 0.5 pct COp 0%

3. Calibration drift (2 hour) S 0.4 pct COy 0.05%

4. Calibration drift (24 hour) £ 0.5 pct COp 0%

5. Response time 10 minutes 77 sec

6. Operational period 168 hour minimum 720 hr
C. Beckman Instruments Model 742 O2 Analyzer

1. Zero drift (2 hour) 2 0.4 pct 0, DNA*

2. Zero drift (24 hour) £ 0.5 pct Oy DNA®

3. Calibration drift (2 hour) £ 0.4 pct 0O, 0.07%

4. Calibration drift (24 hour) £ 0.5 pct O, 0.16%

5. Response time 10 minutes 89 sec

168 hour minimum 720 hr

6. Operational period

D. Horiba Instruments PIR 2000 CO Analyzer

1. Calibration error mid
high

2. 3Zero drift (2 hour)

3. Zero drift (24 hour)

4. Calibration drift (2 hour)

5. Calibration drift (24 hour)

6. Response time

7. Operational period

<

<

5% of cal gas value
5% of cal gas value

2% of span
2% of span
2% of span

2.

5% of span

15 minute maximum
168 hour minimum

CO instrument was
out for service

* Instrument has no zero adjustment.
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Certified calibration gases were obtained from Scott Environmental
Technology, Inc. The cqlibration gases included 50% and 90% span gases for
the NO, coz, €O, and O2 analyzers and a zero gas (Nz). In addition to the
certified analysis supplied by the vendor, sample flasks were taken for each

calibration gas and sent to an independent laboratory for analysis.

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 period. At the fifteenth
day, an abbreviated series of six flasks were taken. All sample flasks were
returned to an independent laboratory for analysis. The results of the rela-
tive accuracy determination are shown in Tables C~17 and C-18 for the beginning
and end of the 30-day test pericd. Both tests show that the NO instrument was
well within the accuracy requirements of PS2. The relative accuracy of the
Thermo Electron NO analyzer was % based on the first PDS test series and &
based on the final test series. The relative accuracy requirement set forth

in PS2 is < 20% of mean reference value.

3.2 PULVERIZED COAL-FIRED BOILER TESTS

The continuous monitor was installed by KVB personnel on May 30, 1979,
outside the contrxol room at Site 3, a pulverized-coal-fired boiler. A single
unheated 9.5 mm (3/8™) nylon sample line was strung from the duct downstream
of the baghouse to the continuous monitor. A single stainless steel probe
with a sintered stainless steel filter was installed in the sampling port.
Particulate samples were collected from two ports in the stack located 90 deg

apart.

The boiler was initially tested in the as-found condition on June 6,
1979. The boiler load for these tests was 49.2 MW thermal output (168,000
1b steam/hr).

Boiler operation was then modified to incorporate staged combustion as
the control technology. Staged combustion was achieved by biasing the coal
pulverizing mills which feed the burners. The boiler has two rows of two

burners on the front face and two pulverizing mills. Each mill feeds one row
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of burners. 1In order to effect staged combustion, the power to the mills was
biased so that the lower burners were fed more coal than the upper burners.

The total air flow was held constant, which produced a fuel-rich condition in
the lower zone with an air-rich zone above. With two burners biased to give

staged combustion, the maximum steam flow was approximately 200,000 lb/hr.

3.2.1 Gaseous Emissions

A summary of the daily observations of gaseous emissions and comments
on boiler operating conditions is presented in Table 3-3. These data were
recorded hourly by a technician. Also included in Table 3-3 are the particulate
and efficiency measurements for the boiler. These data are used to verify

measurements recorded on the strip charts and the automatic data logger.

3.2.2 Particulate Emissions

The results of the particulate tests are presented in Table 3-4 for
low-NOx tests and baseline tests. Two of the tests (Nos. 3-3 and 3-4) were
also used for collecting samples for analysis of polycyclic organic matter
(POM) by modifying the Method 5 sampling train as described in paragraph
2.1.3. The average particulate loading for the unmodified operation (Tests
3, 4, 5, and 6) was 6.2 ng/J (0.0143 1b/106 Btu), while the average particu-
late loading in the modified or low-NOx mode was 6.3 ng/J (0.0147 1b/106 Btu).
These data show that there is no significant difference in particulate emission

between operation in the modified condition and operation in the normal mode.

The boilers at this facility had recently been outfitted with baghouse-
type particulate collection equipment, and the stack effluent was extremely
clear of any particulate matter. No visible emission was detected at any time

during the test period.

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.
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TABLE 3-3. SUMMARY OF GASEOUS AND PARTICULATE EMISSIONS AT SITE 3

PULVERIZED COAL FIRED BOILER

Hominal Steam Stack
Time Load HO* oo Particulate Temp.
Date Genar.
1979 1load Condition Start Finish [ K lb/hr MNWTH L} o2 N CO, ng/) ppm n9/J ppm ng/J lb/MB °K  °F Eff.% Cosments
6/1 High 00 2200 22 198 $8.0 6.4 11.3 3729 646 12 k1] As Found
Low 2000 2100 19 172 50.4 6.4 11.2 355 605 13 Ky
7 Br. Average 1700 2400 21 187 55.4 6.6 11.) 389 662 12 s
6/2 High 2000 2100 24 208 55.1 6.1 ] 424 722 12 s
Low 1300 1900 5 48 4.2 7.6 13.3 33 S 12 32
24 HE. Average 0000 2400 a &9 19.8 a.3 1.0 37 644 11 30
6/3 High 1100 1200 7 64 18.8 9.1 0 as1 597 ? 19
Low 1200 2400 5 48 14.1 7.9 [ no 527 11 n
24 Ur. Average 0000 2400 5 " 14.4 9.0 [} 345 5e8 9 a4
6/4 High 1000 1500 24 208 60.0 8.5 4] a1l 01 ] a2 SCA + LEA
Low 0000 0700 S 48 4.2 10.1 1] 297 506 & 18
Average 0%00 1700 22 191 55.4 8.3 o 330 661 8 22
26 Hr. Average 0000 2400 14 120 34.7 8.5 0 328 559 9 26
6/% High 1600 21700 11 100 8.7 8.7 110.4 333 581 11 32
Low 0000 0200 6 30 14.5 9.2 [ 133 397 9 26
Average 0900 1700 9 76 22.0 8.9 10.3 293 49 15 41
24 ¥Nr. Averags 0000 2400 8 68 19.7 9.5 10.3 285 485 11 32
6/6 High 1600 1900 18 162 47.4 7.2 10.8 26 452 2 6 SCA + LEA
Low 0000 1300 [ 56 16.2 8.2 10.4 305 519 11 30
Average 0900 1700 9 8l 23.9 8.1 10.3 304 518 16 "
24 Hr. Average 0000 2800 9 78 22.6 a.l 10.4 1302 514 11 30
tcontinusd)

®* Corrocted to % 02.

*28CA = Staged Combustion Air
LEA = Low Excess Alr



TABLE 3-3. (continued)
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Rominal Steam Stack
Time Load NO* co* Particulate Temp.
Date Gener.
1979 Load Condition Start Finish ] R lb/hr MWTH o2 1Y coz ng/d pps ng/J ppm ng/J ib/MMB K ‘r Eft.s Cowments
6/7 High 1500 1900 19.0 168 49.2 7.4 11.6 285 466 16 42 449 149 SCA ¢ LEA
Low 1100 - 6.6 60 17.6 9.1 10.3 335 549 1 3 430 M5
Average 0900 1700 i1.8 100 29.3 8.4 10.8 116 518 15 40 439 130

Partic. Test 3-1 1500 1900 19.0 168 49.2 7.4 11.6 105 499 16 42 12.77 .0297 449 M9 85.70 mm‘ condition, Meth. 5 Test
24 Hi. Average G000 2400 11.6 100 29.3 8.4 10.7 337 551 16 44

6/6 High 0900 1100 19.5 168 49.2 7.7 11.§ 197 €S0 15 40 445 142 SCA + LEA
Low 1300 1400 19.0 164 48.1 7.8 11.3 342 559 0 35 447 145
Average 0900 1700 19.2 166 8.6 7.7 11.3 369 604 19 50 446 )44
Partic. Test 3-2 1300 1700 19.0 166 48.6 7.8 11.3 48 569 22 60 8.4) .0196 447 U5 84.67 Low ND. condition, Meth. 5 Test

24 Hr. Average 0000 2400 11.9 103 30.2 8.3 10.8 M5 564 22 8

6/9 High 1100 1300  10.5 @5 24.9 B.6 10.1 167 600 14 18 s 288 SCA + LEA
Low 0900 -- 1.5 64 10.8 B.0 10.9 328 537 19 SO 423 302
average 0800 1500 9.3 78 229 8.5 10.2 359 S87 15 41 @7 2192
24 Hr. Average 0000 2400 1.9 € 19.9 8.6 10.2 346 566 17 46
6710 High 1200 - 1.8 64 18.8 7.4 10.1 IS1 S14 17 4% as 208 SCA + LEA
Low 1500 - 71 €0 17.¢ 0.6 10.0 160 $90 22 S8 416 290
Average 0800 1500 1.3 62 18.2 8.7 10.0 30 590 21 56 Qs 207
24 Hr. Average 0000 2400 7.3 €3 18.5 8.8 10.1 352 576 17 47
6/11 High 0800 1100 8.4 69 20.2 a.5 10.6 336 550 17 46 422 300 €O instrument disconnected
Low 1500 -- 7.8 6 16.4 8.5 10.3 350 573 - - 22 300 for service
Average 0800 1500 8.1 67 19.6 85 10.5 343 562 -- - 422 300 SCA + LEA
24 Hr. Average 0000 2400 7.3 3 18.5 6.6 10.4 341 562 -- ~--
6/12 High 1500 -- 190 164 48.1 7.7 11.2 396 648 -- ~= 449 39 SCA + LEA
Low 0800 -- 8.7 74 217 8.9 10.3 367 600 - -= 422 300
average 08oc 1500 12,0 102 29.9 8.2 10.7 371 608  -- -- o n?
Part. Test 3-3 1500 1806  19.0 164 48.1 7.4 11.3 361 593 -- -- 7.75 .0180 446 344 ©5.06 Low NO_ condition, Meth. 5

24 Hr. Average 0000 2400 12.1 104 30.5 8.6 10.) 371 610 -- -- Test,

® Corrected to 3 O,. {continued)
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TABLE 3-3. {(continuecd)

Nominal Steanm Stack
Tame Load NO* co* Particulate Temp.
Date Guener.
1979 Losd Condition Start Finash MW K lb/hr MWTH o 0, ¢ CO2 ng/J ppa ng/J ppm ng/d ib/B “K ‘F Bff.s Comments
6/13 Hagh o800 1400 11.5 ] 21.5 8.7 10.8 395 646 - == 426 308 SCA + LEA
Low 1500 -- 9.0 % 22.3 a.6 10.9 381 624 - - 427 310
Average 0800 1500 11.2 92 27.0 8.7 10.8 393 641 -— == 426 308
24 Hr. Average 0000 2400 9.3 8o 21.4 9.0 10.6 371 607 - =
6/14 High 1300 1600 4.0 215 61.0 a.5 1l10.8 495 810 -— - 461 7
Tow 1100 1200 7.0 58 17.0 8.6 10.4 284 464 - - 425 305
Average 0800 1600 15.6 158 46.3 a.4 10.7 193 644 -— == 441 3138
Partic. Test 3-4 1300 1600 24.0 215 6).0 8.2 1o0.8 495 8610 -— - 7.82 .0180 461 171 83.85 Ddaseline, Meth. 5 Test, POM
24 Br. Average 0000 2400 15.3 132 38.7 8.4 10.7 393 643 - ==
6/15 High 1100 130¢ 7.8 (13 19.3 9.1 10.5 J1¢ 507 - e 436 326 Baseline
Low 0800 -- 7.0 60 17.6 9.2 10.0 266 436 - - 432 1318
Average 0800 1500 7.6 65 19.¢ 9.1 10.3 302 495 - == 435 324
24 Wr. Average 0000 2400 7.2 62 18.2 9.2 10.2 304 497 - -
6/16 Spot Reading 1200 - 7.2 60 17.6 9.4 9.9 330 5S40 - == 436 1325 SCA
24 ¥r. Average 0000 2400 8.6 14 21.7 9.0 10.) 3)4 546 -— =
6/17 Spot Reading 1200 - 7.8 68 19.9 8.9 10.1 337 551 - e 43) 120 SCA
24 Hr. Average 0000 2400 2.7 66 19.3 8.8 10.3 31 526 - -
6/18 Hagh 1000 -- 11.2 100 29.3 9.1 10.2 357 584 -— - 433 320 SCA + LEA
Low 1200 1500 7.0 60 17.6 9.1 10.1 n 542 -— = 433 1320
Average 0800 1500 8.8 ” 22.6 8.9 10.2 338 554 - == 43) 120
24 Hr. Average 0000 2400 8.6 74 21.7 8.9 10.3 322 527
6/19 Hagh 0900 - 11.5% 100 29.) 8.9 10.1 S0 ST ——— - 427 N0 SCA + LEA
Low 1100 1300 7.0 60 17.6 9.0 9.9 332 Sa3 - == 433 320
Average 0800 1500 8.8 ” 22.6 9.2 9.7 329 5319 -— == 432 38
24 Hr. Average 0000 2400 8.2 3 20.08 2.0 9.9 343 561
6/20 High 0900 - 10.0 79 23.1 a.6 10.0 335 549 24 65 430 318§ CO instrument back in eervice
Low 1000 1500 7.5 [13 19.0 8.6 10.1 337 Ss1 18 48 420 322 SCA + LEA
Average 0800 1500 7.9 68 19.9 8.8 10.1 336 3550 20 3 434 21
24 Hr. Average 0000 2400 7.5 65 19.0 9.0 10.1 328 Sia 9 2
icoantinued}

* Corrected to 3% o,.
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TABLE 3-3. (continued)
Hominal Steam Stack
Timo Load NO* co* Particulate Temp.
Date Gener.,
1979 Lload Condition Start Finish [ K Ib/hr MWTH & 0, ¢ (:02 ng/d ppa ng/J ppm ng/J Ib/MMB °K °P Bff.% Comments
6/21 High 1400 1500 17.0 149 41.7 7.6 11.4 459 751 <1 <} 455 360 SCA + LEA
Low 1200 - 8.0 70 20.5 8.4 10.7 295 483 13 436 2125
Average 0800 1500 12.2 102 29.9 8.6 10.7 368 602 3 9 424 1330
24 Hr. Average 0000 2400 12.5 108 3l.6 8.8 10.7 369 637 12 N
6/22 Steady Load 0800 1500 1.5 65 19.0 8.7 10.5 400 655 14 » 420 297 LEA
24 Hr. Average 0000 2400 7.4 64 16.8 8.6 10.5 399 653 16 44
6/2) Spot Reading 1300 - 1.7 100 29.3 8.2 10.6 406 665 2) 63 427 310 SCA ¢ LEA
24 Hr. Average 0000 2400 8.9 n 22.6 8.4 10.7 390 638 17 46
6/24 Spot Reading 1300 - 8.0 70 20.5 8.5 10.7 340 557 7 20 436 325 8SCA + LEA
24 Hr. Average 0000 2400 8.0 69 20.2 8.7 10.7 349 571 16 9
6/25 MNigh 1500 1700 11.3 94 27.5 8.9 10.5 340 S57 [ 15 425 1308 SCA + LEA
Low 0800 - a.5 70 20.5 9.1 10.2 341 558 33 68 427 310
Average 0800 1700 10.5 a8 25.8 9.0 10.6 317 519 13 36 426 1307
24 Br. Average 0000 2400 9.2 9 23.1 8.9 10.4 346 566 19 50
6/26 Hagh 1000 1100 9.9 83 24.) 9.0 10.5 396 6480 48 129 426 308 SCA + LEA
Low 1200 1600 7.0 60 17.6 8.4 10.7 370 606 16 44 427 1307
Average 0800 1600 8.2 70 20.5 8.7 10.6 382 625 27 72 425 305
24 Hr. Average 0000 2400 7.4 64 168.8 8.8 10.4 385 631 19 S0
6/27 High 1200 1300 10.2 a? 25.5 0.6 12.4 394 645 16 4] 426 307 Data logger out 1200-1400 SCA+LEA
Low 1500 1600 a.1 68 19.9 8.5 14.2 395 647 14 k1) 430 315
Average 0800 1600 9.3 7 22.6 8.6 12.1 392 642 16 42 427 309
24 Hr. Average 0000 2400 8.0 69 20.2 8.6 12.7 374 613 15 39
6/28 High 1000 - 10.8 90 26.4 8.2 10.9 404 661 13 k) 426 1307 SCA + LEA
Low 1500 - 7.8 70 20.5 8.2 10.8 380 622 15 40 432 2319
Average 0800 1600 9.2 77 22.6 8.3 10.7 373 611 15 40 429 212
24 Hr. Average 0000 2400 8.4 72 21.1 8.6 10.5 419 686 14 37
6/29 High 1300 - 13.2 114 33.4 8.1 11.0 458 749 4 10 446 344 SCA ¢+ LEA
Lone 0700 - 6.6 54 15.8 8.7 10.3 521 653 kL) 92 430 314e
Average 0700 1500 9.9 84 24.6 8.5 10.6 44 726 12 3 435 324
24 Wr. Average 0000 2400 7.9 68 19.9 8.5 10.4 446 730 18 48

® Corrected to 3% O,.
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TABLE 3-3. (continued)

Nominal Steam Stack
Tame Load NO* . co* Particulate Temp.
Date Gener.
1979 Load Condition Start Fimish [ K lb/hr MWTH & o, ¢ co, ng/d ppm ng/d ppm ng/J lb/MMB °R P EBff.% Cosments
6/10 Spot Reading 1000 - 7.8 66 19.3 8.7 10.6 417 682 7 19 425 108 BCA + LEA
24 Hr. Aversge 0000 2400 7.7 66 19.3 8.8 10.1 2195 646 16 44
7/1  Spot Reading 0800 - 6.2 50 1.7 9.2 9.4 198 €51 e 22 425 105 SCA + LEA
24 Hr. Average 0000 080D 7.0 60 1726 9.2 9.6 397 649 19 52 Data logger out 0900-2400
No data taken
/2 Hlgh 090 1000 8.3 70 20.5 8.5 10.5 191 640 2 e 422 301 Data logger out 0000-1300 SCA + LEA
Low 1600 - 7.8 66 19.3 8.3 10.7 164 595 e 22 421 298 No data taken
Average 0800 1600 8.1 8 19.9 8.4 10.5 175 613 6 17 422 300
24 Hr. Average 1300 2400 7.5 65 19.0 8.4 10.6 365 S9B 11 29
773 Mgh 1500 -- 4.9 223 65.1 6.0 11.0 521 653 4 20 461 370 BCA + LEA
Low 1100 -- 8.2 69 20.2 8.4 10.6 181 623 3 8 425 305
Average 0800 1500  15.1 136 39.8 6.4 10.7 421 689 & 16 e 3133
26 Hr. Average 0000 2400  14.7 127 37.2 6.3 10.6 421 €90 10 27
7/4  Spot Reading 1100 -- 8.6 7 21,4 8.5 10.5 375 613 5 13 as 293 SCA + LEA
24 Hr. Average  OOOU 1800 7.9 68 19.9 8.6 10.2 1373 611 18 48 ::‘;.::‘?3:;:"‘ 1900-2400
75  High 1100 -- 1.8 101 29.6 9.1 9.8 469 768 3 9 485 41 SCA + LEA
Low 1200 -- 8.7 76 22,3 9.7 10.2 359 588 e 2 429 N2 Data logger out 0000-0800
Average 050 1600 9.8 86 25.2 8.3 10.5 370 60OS 7 18 40 N4
24 Hr. Average 0900 2400 8.2 n 20,8 6.3 10.4 M6 566 7 19
2/6  High 1200 - 12.3 100 29.3 8.3 10.6 332 544 7 19 427 30 SCA + LER
Low 0800 - 7.7 67 19.6 9.8 10.7 318 521 72 18 422 301
Average 0800 1500  10.2 a8 25.8 8.5 10.5 328 537 197 23 4% 1305
24 Hr. Average 0000 2400 8.8 76 22.3 6.4 10.4 335 549 11 29
3/7  Spot Reading 1100 - 8.3 " 21.7 8.5 10.3 352 576 17 47 422 301 SCA + LEA
24 Hr. Average 0000 2400 7.5 65 19.0 8.5 10.2 337 552 19 50
7/6  Spot Reading 1300 - 6.2 50 14.7 9.0 9.6 337 S52 27 72 421 299 SCA +LEA
24 Hr. Average 0000 1700 7.0 60 17.6 8.9 10.0 M5 %S5 32 @7 Data logger out 1700-2400

t
* Corrected to 3t O,. (continued)
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TABLE 3-3. (continued)
Nominal Steam Stack
Tiow Load HO* co* particulate Temp .
Date Gener.
1979 Load Condition Start Finish Mo K ib/hr MWTH o 0, 002 ng/J ppm ng/J ppm ng/d 1b/MMB  °K ‘P EBff.s Comments
179 High 0900 - 9.8 3 21.4 8.3 10.7 340 557 kX ] ag 4?29 312 8CA + LEA
Low 1300 1600 7.1 59 172.3 8.5 10.5 315 516 41 111 425 306 Data logger out 0000-0700
Average 0900 1600 7.6 62 18.2 8.5 20.5 327 S5 3% 9% 426 308
24 Hr. Average 0800 2400 7.3 63 18.§ 8.5 10.5 317 51% 59 135
/10 High 1600 1900 1.3 189 55.4 8.3 10.7 504 B25 38 101 464 375
Low 0800 - 7.7 67 19.6 6.6 10.35 360 589 35 93 426 308 Baseline
Average 0800 1500 18.3 163 47.8 8.4 10.7 @2z MM 39 106 454 358 Unit 07 down 2100-2400
Partic. Test 3-5 1100 1400 19.6 173 50.7 8.2 10.8 494 809 a3 90 6.41 0149 457 361 84.88
Partic. Test )-6 1600 1900 21.3 189 55.4 8.3 10.7 S04 825 8 101 4.27 .0099 464 375 B4.47 Bpaseline, Meth. 5 Test
24 Hr. Average 0Qo0 2100 14.8 128 37,5 9.0 9.9 415 629 52 139 Baseline, Meth. S Test
/11 Hagh 1600 - 21.1 186 54.5 7.7 11.2 a5 1M 38 103 459 367
Low 1300 - 19.0 166 44.6 7.8 11.5 380 622 3% 97 45¢ 358 SCA + LEA
Average 0900 1800 20.0 176 51.6 7.7 11.4 418 677 16 % 455 360 Unit #7 down 0000-0800
Partic. Test 3-7 1000 1300 19.1 167 48.9 7.8 11.6 385 630 36 97 2.%1 .0059 454 357 85.65
Partic. Teat 3-8 1500 1800 0.8 185 54.2 7.8 11.2 458 749 36 97 3.20 .0074 459 2366 65.14 Low NOx condition, Merh. 5 Test
24 Hr. Average 0800 2400 18.1 156 45.7 1.8 11,2 428 1701 39 104 Low NO_ condition, Meth. 5 Test
7/12 tagh 0800 - 19.4 164 48.1 7.2 11.6 330 540 34 91 443 338 SCA + LEA
Low 1200 - 19.0 168 49.2 7.7 11.3 375 614 36 96 454 2158
Average 0800 1300 19.2 168 49.2 7.6 11.3 365 598 s 94 452 2354
Partic. Test 3-9 1000 1300 19.1 170 49.8 7.7 11.2 370 606 a5 95 3.24 .0075 454 1358 85.34
24 Hr. Avarage 0000 1300 13.1 113 1.1 8.0 10.7 390 569 43 116

Low Ilo“ condition, Meth. 5 Test

* Corrected to 3% O,.
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TABLE 3-4.

PULVERIZED COAL FIRED BOILER

PARTICULATE DATA SUMMARY - SITE 3,

Date Load [} Particulate Opacity
Test 6.
No. 1979 MW 103 1b/hr % ng/J 1b/10° Btu x Test Description
3-1 6/7 49.2 168 7.4 12.77 0.0297 0 Low NOx
3-2 6/8 48.6 166 7.8 8.43 0.0196 0 Low NOx
3-3 6/12 48.0 164 7.4 7.75 0.0180 (4] Low NOx-POM sample
3-4 6/14 63.0 215 8.2 7.82 0.0180 0 Baseline~-POM sample
3-5 7/10 50.7 173 8.2 6.41 0.0149 0 Baseline
3-6 7/10 55.4 189 8.3 4.27 0.0099 0 Baseline
3-7 7/11 48.9 167 7.8 2.53 0.0059 0 Low NOx
3-8 7/11 54.2 185 7.8 3.20 0.0074 0 Low NOx
3-9 7/12 49.8 170 7.7 3.24 0.0075 0 Low NOx




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.

The results of the analyses are presented in 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 Hg (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
Hg (the approximate qualitative detection limit). The standard deviation on
points around 0.5 Ug 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 six columns for the XAD-2 module, the
filter and probe wash, and total. The corresponding data for the unmodified

condition are shown in the last six columns.

The total POM showed only a very small difference (about 3.5%) between
the two conditions. The low-NOx condition resulted in a 40% lower phenanthrene
measurement but showed a corresponding increase in benzofluoranthenes and

perylene.

3.2.4 Boiler Efficiency

Boiler efficiency calculations were made for as-found and low-NOx
cperating conditions. The ASME Abbreviated Efficiency Test Method was used
to determine the boiler efficiency. This test method is described in Appendix

aA.

Coal, fly ash, and bottom ash samples were ccllected during the test
series. The coal and ash samples were submitted to an independent laboratory
for ultimate and heating value analyses. Fly ash and bottom ash samples were
analyzed for carbon content and heating value. The fly ash with the highest

carbon content did not ignite in the colorimeter; therefore, the determination

)} KVB11-6015-1224
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TABLE 3-5.

SUMMARY OF POM ANALYSES FOR SITE 3, PULVERIZED COAL FIRED

BOILER

LOoW NC)l TEST

BASE LINE TEST

XAD-2 Module Filter & Probe Wash Total XAD-2 Module Filter & Probe Wash Total

PAR ug o/’ kg Hg/m’ ug uq/nj Hg we/m’ Hg u9/u3 Vg vo/u’
Phenanthrene 39.0 25.81 1.1 0.73 40.1 26.54 ||87.4 42.84 2.9 1.42 90.3 44.26
Anthracene 3.0 1.98 ND - 3.0 1,98 || 1.0 0.49 <0.5 <0.24 1.0<1.5 0.49<0:74
Methyl Anthracenes/Phenanthrenes 25.2 16.68 1.7 1.12 26.9 17.80 {{ 27.9 13.68 3.8 1.86 1.7 15.54
Pluoranthene 2.5 1.65 <0.5 <€0.33 2.5<3.0 1.65<1.98 || 2.8 r.37 <0.5 <0.24 2.6<3.3 1.37<1.62
Pyrene 4.8 3.18 0.6 0.40 5.4 3.57 |} 5.4 2.65 0.7 0.34 6.1 2.99
Methyl Pyrene/Fluoranthene 1.4 0.93 <0.5 <Q2.33 1.4<1.9 «93<1.26 1.4 0.69 <0.5 <0.24 1.4<1.9 0.69<0.93
Benzo(c)phenanthrene ND - ND - ND - ND - ND - ND -
Benz (a) anthracene ND - ND - D - ND - <0.5 <0.24 <0.5 <0.24
Chrysene ND - <0.5 <0.33 <0.5 <0.33 |} <0.5 <0.24 <0.5 <0.24 <1.0 <0.49
Methyl Chrysenes ND - <0.5 <0.33 <0.5 <0.33 ND - <0.5 <0.24 <0.5 <0.24
Dimethylbenzanthracenes <0.5 <0.33 ND - <0.5 <0.31 ND - ND - WD -
Benzofluoranthenes 10.9 7.21 <0.5 <€p.33 10.9€11.4 7.21<7.54 1.2 0.59 <0.5 <0.24 1.2<1.7 0.59<0.83
Benz (e) pyrene 1.5 0.99 <0.5 <0.33 1.5¢2.0 0.99<1.32 0.9 0.44 <0.5 <0.24 0.9<1.4 0.44<0.69
Benz(a) pyrene <0.5 <0.33 ND - <0.5 <0.33 1.0 0.49 ND - 1.0 0.49
Perylene 5.9 3.90 <0.5 <0.33 5.9<6.4 3.90<4.24 [|<0.5 <0.24 <0.5 <0.24 <1.0 <0.49
Indeno-pyrene ND - ND - ND - <0.5 <0.24 <0.5 <0.24 €1.0 <0.49
Benzo(ghi) perylene ND - <0.5 <0.133 <0.5 <0.33 |[<0.5 <0.24 <0.5 <0.24 <1.0 <0.49
J-Methylcholanthrene ND - ND - ND - ND - ND - ND -
Dibenzanthracenes ND - ND - ND - ND - ND - ND -
Dibenzpyrenes ND - ND - ND - ND - ND - ND -
Coronene ND - <0.5 <0.313 <0.5 <0.33 ND - <p.5 <p.24 <0.5 <0.24
TOTAL (ug/mal 62.3<62.9 2.3<4.9 64.6<67.8 63.2<64.2 3.6<6.5 66.8<70.7
Sample Volume (m’) - 1.511 2.040




of the heat of combustion was not attempted on the remaining fly ash sample
with the lower carbon content. The results of the coal, fly ash, and bottom
ash analyses are tabulated in Table 3-6. Tabulated chronologically, the data
indicate that the ash content of the coal changed from 14.95% to 7.36% during

the test series.

Table 3-7 lists a summary of the boiler efficiencies. The data in
this table show that during low-NOx operation with low excess air, an effi-
ciency increase of about 1% was achieved, with the primary contribution due

to dry gas losses.

Figure 3-1 shows unitefficiency as a function of excess oxygen for
the boilexr. This figure clearly illustrates the effect of low-NOx operation

on boiler efficiency.

3.2.5 Data Reduction

The gaseous emissions data measured by the analyzers were recorded on
both strip chart recorders and an automatic data logger. A log of all appro-
priate control room data was also kept. Daily steam flow charts were also

collected from the operators.

A tabulation of hourly averages was compiled for the entire test period.
Each hourly average consists of approximately 900 measurements from each analyzer.
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. Table 3-8 is an example of the listing of hourly averages. The entire

listing of hourly averages is presented in Appendix E.

After data editing was completed, 24-hour averages were calculated.
For an average to be valid, at least 75 percent of the hourly points in that
interval had to be valid. Table 3-9 shows a summary of the 24-hour averages
for the 30-day test at Site 3.

A statistical summary was prepared to determine the following para-
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 proba-

bility paper it was apparent that the data were not normally distributed.

33 KVB11-6015-1224



TABLE 3-6.

SUMMARY OF COAL AND ASH ANALYSIS

FROM SITE 3
Test
Test 3-5
3-1 3-6
3-2 3-7
3=-3 3-8
Coal 3=-4 3-9
Ultimate Analysis:
Moisture, percent 5.6 10.67
Carbon, percent 57.40 59.55
Hydrogen, percent 4.31 4.15
Nitrogen, percent 1.25 1.03
Sulfur, percent 0.73 0.30
Ash, percent 14.95 7.36
Oxygen, percent 15.76 16.94
(by difference)
Heat of Combustion:
Gross Btu/lb 10,160 10,910
Net Btu/lb 9,760 10,520
Ash
Fly Ash:
Carbon, percent 1.76 1.72
Bottom Ash:
Carbon, percent 11.72 11.72
Gross Btu/lb 1,800 1,800
Net Btu/lb 1,750 1,750
34 KVB11-6015-1224
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TABLE 3-7. SUMMARY OF BOILER EFFICIENCY CALCULATIONS FOR SITE 3
PULVERIZED COAL FIRED BOILER

Test Number 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 3-9
Date 6-7-79 6-8-79 6-12~79 6-14-79 7-10-79 7-10-79 7-11-79 7-11-79 7-12-79
Test Load
103 1b/hr 168 166 164 215 173 189 167 185 170
Generator MW 19.0 19.0 19.0 24.0 19.6 21.3 19.1 20.8 19.1
Percent of Capacity 65 64 63 83 67 73 64 71 65
Stack 02, percent 7.4 7.8 7.4 8.2 8.2 8.3 7.8 7.8 7.7
Stack CO, ppm q2 60 - - 90 101 97 97 95
Stack Temperature (°K/°F) 449/349 447/345 446/344 461/371 457/363 464/375 454/357 459/366 454/358
Ambient Temperature {°K/°F) 294/70 294/70 294/70 294/70 294/70 294/70 294/70 294/70 294/70
Boiler Heat Losses
Dry Gas 7.57 8.57 8.18 9.39 B8.85 9.30 B8.11 8.64 8.41
Moisture in Fuel 0.65 0.65 0.65 0.67 1.16 1.17 1.16 1.16 1.16
Moisture from H2 4.47 4.50 4.50 4.63 4.06 4.08 4.05 4.07 4.05
Combustibles 1.06 1.06 1.06 1.06 0.49 0.49 0.49 0.49 0.49
Radiation 0.55 0.55 0.55 0.40 0.55 0.50 0.55 0.50 0.55
Total Losses 14.30 15.33 14.94 16.15 15.12 15.53 14.35 14.86 14.66
Boiler Efficiency, percent 85.70 84.67 85.06 83.85 84.88 84.47 85.65 85.14 85.34
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Rated Load = 260 x 103 lb/hr steam flow
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Figure 3-1. Boiler Efficiency vs Excess O,. Pulverized Coal Fired Boiler,

Excess Oxygen, percent
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TABLE 3-8. FORMAT OF HOURLY EMISSIONS DATA FOR
SITE 3, PULVERIZED COAL FIRED BOILER

NI RRedAN e R a AR Nd PSR S 0RaEtalRaget R R d R0 AR AeRPa ¢ it taeddtnrodtgPatdagaenee

e HOURLY DATS 1]
ta DRY STACK GAY CONCENTRAIION (1)
L 1] ae
e 02 co2 cn ~O to ND co ~O L1
e LDap YULX vOLX PPuy pPRY PPy PPy NG/J NG2J [ 14
es DATE TIME wuTM nEAS wEAS "EAS MEAS Jiue 3%02 as
........'..................'........'..'..........'...'.'........'................‘.
e &/ /19 100 39,8 Ted 1140 19, 501, 25. 685, 9, 39¢, ne
e o/ 27719 200 l'.b 8.9 % 1.8 a2d. 2%, 818, 9, 363, e
.e o/ 2779 Jo0 15,2 9,4 9,9 17, al7, 26, 050, 9, 3o, "
e &/ F/719 800 15,2 9.5 o0 1S, 818, 23. 556, [ 18 385, LA 4
ea &/ 2/7% 00 15,8 9.0 0 15, ald, 24, 68S, 0. 385§, s
ea o/ /79 600 15,4 %8 0 13, a1S, 21 58, 8, 38¢, ..
oe o/ 2779 00 15,8 %2 o0 13, ale, 19, 836, 1. 373, e
e o/ 2/79 800 6,4 8.9 ) 18« all, 18, 616, T Joi, Ll
e o/ 2/T9 900 10,0 9.1 o0 13, a3, 20, 6%52. Te 3583, oo
s o/ 2/7% 1000 5.8 %.2 o0 6. aal, 24, ®78. 9 398, e
e 4/ /718 1100 1S.8 9.8 «0 15, aS4, g, 707, 8, als, LAd
*e o/ 2/719 1200 2042 %S .0 22, a5, 35, 699, 15, ali, ee
e o/ 2/7% 1300 15,2 9.4 o 23, oS5, 35, 69, 12, @05, we
e o/ 2/79 1400 14,2 8.2 o0 24, sy, 3s. 649, 12¢ 361, e
s o/ 2779 1500 14,1 o0 13.3 19, aes, 16, 394, b 23a, te
e ¢/ 2779 1600 18,8 8.1 o6 25. aas, Ja, b24. 12. e, Akt
*e 7 2/79 1700 18,1 Tab o0 27, 453, 3s, 500, 1}, 352, L
e &/ 2/79 1800 14,1 T.a o0 27. 455, 3o, 003, 13, 150, as
e &7 2119 1900 18,1 1.0 8 28, 4S8, 3. $90. 13, 3ds, L1
*e o/ 2779 2000 35,9 b8 o0 20, 510, Is. 630, 13. 370, i
*e 47 2/79 2100 1S, b o0 29, 897, 35, 122, 12, 422, ee
e 6/ /79 2200 35.2 6.5 «0 28, 83, 35, 6ea. 13, 390, #e
*a o/ 2779 2300 8,1 T.2 o0 29, as3, 38, $932, 1d. 3ay, e
** o/ 2/79 2800 (9.1 7.4 o0 25, 837, 33, 3T9.  12. 0, we

BRSRAC RO EAARRRAR RO AR E R AR R RN AR eaaane RS tatasRttadttatenaanstataatginsdnqerare
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TABLE 3-9.

FROM A PULVERIZED-COAL-FIRED BOILER (SITE 3)

SUMMARY OF 24-HOUR AVERAGES OF STACK EMISSIONS

. 20 MOUK DATA .
. URY STACK GAS CONCENTRATION ¥
- »
. a? to2 (1] NO cu NO co NO
. LUAD VULX vilLx PPMV  PPMV PPNV  PPMV  NG/J NG/J ®
s  DATE TIME mhTH  MEAS MEAS HEAS MEAS 3102 3302 L]
l'.lllilln!tntnll....n.'llll!l|tIOl.l..0l.'l.t'..-.tlllli.l...‘ll!!lt!l....lt.l'
* o/ 4779 55.0 6.0 11.3 28, 529, 3S. 662, 12, 389, ®
. b/ 27719 19,8 8.3 11.0 21. ass, 30, baa, 11, 378, ¢
* 6/ 3779 16,4 9.0 ] 16, 392, 24, 588. 9. 3a5, *
s &/ 4/79 34,7 8.5 «0 18. 389, 26, 559, 9. 328, *
e o/ 5779 19.7 9,5 10.3 20, 369. 32. Qas., 11, 28§, .
* b/ /79 22.6 8.1 JU.4 21 3bbe 30, Sia. 11, 302, ¢
" &/ 1779 29.4 8.3 10,8 31, 383, 44, Saa, 16, 320, *
* &/ 8779 30,3 8.3 105 28, 410. 0, 572, 14, 336, *
6/ 9779 19,9 B.4 10.1 27. aoe, 38, S58t. 14, 381, ¢
* 8/10/79 16.4 8.0 10,0 33. 39, q8, S76. 17, 338, =
e 6/13/779 18,6 8.5 10.3 38, 3Jas. SS. Séle. 20, 329, *
* 6/12/79 30,5 8.8 10.4 0. 408, 0 602. 0. 353, »
* 6713779 23.3 9.0 10.6 0., 397, 0. 599, O 3152, ®
® 6/14/79 38,6 8.5 10.5 a9y, aaa, T1. 64y, 25. - 376, »
® 6715779 18,3 9.2 10,2 86, 324, 131, a9s, a7. 2%, &
* 6/10/79 21.8 9.1 10.2 Oe 364, 0. SS1. 0. 323, s
. 6717779 19.4a 8.8 10.3 0. 356, 0. S26. 0. 309, »
* 6718779 21e7 8.8 10.3 0. 357, 0. S30. 0. 311, »
* /19779 20,7 8.9 10.0 35. 358, S2. S32. 19, J12, s
* ¢/20/79 18,9 9.0 10,0 33. 3o1. S0. Saa. 18, 319, *
. 6721779 31.7 8.8 10.7 21. a31. 31. 837, 11. 374, *
* 6722719 18,8 8.6 10.5 3S. 450. St1. 656, 18, 38s, ¢
* $/23/19 2246 8.4 10.06 36, qa9, S2. 641, 18, 377, *
* /24779 20.3 8.0 10.2 34, 39s. S0 577, 16, 339, *
* 6/25/79 23.1 9.0 10.2 36, 410. S8, 616, 19, 361, *
* 6/26/79 18,8 8.9 10.3 37, a27, 5. 639, 20, 375, ®
. 6727779 20.2 8.6 10.3 15. Q2s6, 22. 620, 8, 3&a, ®
t /287179 21.0 8.6 10,5 5. a73. 37, 686, 13, q03, &
. 6729779 19.8 8.5 10.4 3a, Soa, a8, 728, 17, @21, ®
* 6/30/79 19.2 8.8 10.2 30, a3s, a4, &a7. 16, 380, »
* 7/ /79 170 8.8 9.9 33. as5. 4B, 673, 17, 395, *
* 7/ 2779 18,9 8.5 10.3 33, a3b. a7, 829, 17, 369, =
* 77 319 37.2 8.3 10,6 19, 87, 28, 694, 10, 4au7, *
* 77 4779 19.8 8.6 10.3 3S. a24a. S1, 6318, 18, 363, &
* 7/ S/719 20.7 8.5 10.3 15, 416, 21. S99, 7« 352,
a7/ /79 22.3 8.a 10,3 21. 385, 30. SSo. 1. 323, ¢
* 7/ /719 19,1 8.5 10,2 35. 384, S0. SSé. 18, 326, ®
* 7/ 8/79 ]7.7 8.7 9.9 at. 35‘. 69, Sld. 25- loz- L4
s 7/ 9/719 le.ﬂ 8.0 10,3 80, 366. 115, 526- ag, 309- .
* 7/710/179 37,6 9.0 9,9 92, as3. 139. 681. So. 400, *
* /31779 4S.6 7.8 11.2 75. S19, 102. 708, 37. Gle, *
* 77312779 33.0 8.0 10,6 8a, q07. 117.  Sé66s g2, 332, »
RIS AR R AR QAR R AN R R AR A QAR A SR AR A AR AR R AR A AR R R AARARARRANAARARRARRARRSARARgRANCAS U
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Further analysis indicated that the data were log-normally distributed. The
graph shown in Fiqure 3-2 illustrates the performance of the pulverized-coal-
fired boiler based on the 24-hour averages for all data. The mean NO emission
rate is 340 ng/J with a geometric dispersion of 1.13. The data presented in
this figure represent 42 24-hour averages. A frequency chart of the hourly
averages is presented as Table 3-10. These data were then used toc prepare
the graph shown as Figure 3-2. The data were subsequently divided into two
load ranges to determine the effect boiler load has on the distribution.
Table 3-11 presents a frequency distribution of NOx emissions for boiler

load less than 20 MW thermal output and for greater than 20 MW. The data for
less than 20 MW are plotted in Figure 3-3. This curve shows the mean value
is 340 ng/J with a dispersion of 1.13. The data for greater than 20 MW are
presented in Figure 3-4 where the mean value is 350 ng/J with a dispersion

of 1.10. These data show that 99% of the data are less than 430 ng/J for
boiler loads greater than 20 MW and 460 ng/J for loads less than 20 MW.

The 24~hour average Nox emissions data were plotted as a function of
time from the start of testing. These data are presented in Figure 3-5.
Solid symbols indicate steam loads greater than 20 MW thermal output and
open symbols indicate steam loads less than 20 MW. This figure illustrates
the variation in Nox emissions measurements for this unit. Figure 3-6 shows

the daily average excess O, as a function of time from the start of testing.

2
As this illustrates the excess O2 did not vary greatly over the test period.

These measurements were made in the stack downstream of the baghouse. A

measurement of stack gas O, was made at the boiler outlet for comparison

2

purposes. The excess 02 measured at the boiler outlet was 4.2% compared

with. 8.5% 02 after the baghouse.
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Figure 3-2. NO Emissions from Site 3 - Pulverized Coal-Fired Boiler



TABLE 3-10. NO EMISSION - FREQUENCY DATA
SITE 3 - PULVERIZED COAL-FIRED BOILER

Plot
Call Frequency Cum. Fregquency Percent
280~-295 2 2 5
296-310 4 6 14
3L1-325 6 12 28
326-340 7 19 44
341-355 5 24 56
356-370 4 28 65
371-385 7 35 81
386-400 3 38 88
401-415 2 40 93
416-430 2 42 98
x = 340 ng/J
g.d = 1.13
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TABLE 3-1l.

NO EMISSION-FREQUENCY DATA FOR

SITE 3 - PULVERIZED-COAL-FIRED BOILER

Load
<20 MW
Percent
Cell Prequency Cum. Frequency Plot
285-294 2 2 10
295-304 1 3 15
305-314 2 5 25
315~-324 1l 6 30
325-334 2 8 40
335-344 2 10 50
345-354 1 11 85
355-364 1 12 60
365-374 1 13 65
375-384 3 16 80
385-394 1 17 85
395-404 1 18 20
405~-414 0 - -
415-424 (1] - -
425-434 1 19 95
Load
220 MW
Percent

Cell Frequency Cum. Frequency Plot
301-310 1 1 4
311-320 3 4 17
321-330 3 7 29
331-340 3 10 42
341-350 0 10 42
351-360 3 13 54
361-370 2 15 62
371-380 3 18 75
381-390 1 19 79
391-400 1 20 83
401-410 2 22 92
411-420 1l 23 96

42
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Daily average NO, emissions for Site 3 - Pulverized coal fired boiler
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Emission factors for the pulverized-coal-fired boiler were calculated
using the procedure set forth in 40 CFR 60, Subpart D. The NO emission factor

(dry basis) was calculated using the following equation:

20.9
B = CGFfa200-20
2
d
where
E = pollutant emission rate, ng/J (lb/million Btu)
= NO concentration, ng/scm (lb/scf)
Fd = stoichiometric conversion factor, 2.63 x 10-7 dscm/J
(9,780 dscf/million Btu), for bituminous coal
°2d ‘= oxygen concentration, percent by volume, dry

The conversion of measured No values (ppmV) to ng/scm is made by multiplying

by 1.912 x 106. To convert from ppm to lb/scf, multiply by 1.19 x 10-7.

NOx emissions are measured as NO and the Nox emission rates reported

herein are calculated based on the molecular weight of NOZ'
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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 is the direct measurement of input and output and
reguires the accurate measurement of the guantity and high-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 a;e 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 an
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 Figqure A-l.

KVB's experience has shown the heat-loss efficiency determination
method to be the most reliable when working with industrial becilers. Ac-
curate fuel input measurements are rarely possible on industrial boilers due
to the lack of adequate instrumentation, thus making the input-ocutput method
undesirable. The accuracy of the efficiency based on the heat loss method
is determined primarily by the accuracy of the flue gas temperature measure-
ment immediately following the last heat removal station, the stack gas
excess 02 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-
complashed by utilizing standard efficiency calculation procedures. Inac-

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

p—eme ME AT {N DESUPERMEATER WATER AND CIRCULATING PUMP INJECTION WATER

————an= NEAT IN BLOWDOWN AND CIRCULATING PUMP LEAK.OFF WATER
p——dn= MEAT N STEAM FOR MISCELLANEOUS USES

Ba  wgaT i ENTERING AIR M
B2  MEAT IN ATCMIZING STE AW
By SENUBLE MEAT IN FUEL
INPUT By  puLverizEn OR CRUSHER POWER
B, BOILER CIRCULATING PumP POWER
By  primary av Fan POWER ; + CREDITS (B)
By RECIPCUL ATING GAS F AN POWER
Bas  HEAT SUPPLIED BY MOISTURE
| IR IN ENTERING AIR
B, WEATIN COOLING wATER p
enveLOPE |
BOUNDARY E—.‘ MEAT IN PRIMARY STEAM
pomtl MEAT IN FEEOWATER
et HEAT IN REMEAT STEAM OUT
E e MEAT IN DESUPERNEATER WATER
ek HEAT IN REMEAT STEAM IN
Luc_ unBURNED CaARBON IN REFUSE
Lo MEATINDRY Gas
Lol MOISTURE IM FUEL
Ly MOISTURE FROM BURNING HYDROGEN
! L-A MOISTURE IN AIR
{ L HEAT IN ATOMIZING STE AM

LOSSES (L)

Lco  cARBON MONOXIDE

Luw  UNBURNED NYDROGEN

Lyue  UNBURNED HYDROCARBONS

Lg RADIATION AND CONVECTION

L, RADIATION T0 ASH PIT, SENSIBLE HEAT IN
SLAS & LATENT MEAT OF PUSION OF SLAG

L, SEMSIBLE MEAT IN FLUE DUST

P e ——————————————

L

~.  MEAT IN PULVERIZER REJECTS
L, WEAT IN COOLING WATER
L

$00T BLOWING

OUTPUT = INPUT — LOSSES

. QUTPUT , 100 = INPUT=L _ 100
DEPINITION: EFFICIENCY (PERCENT) = 7 (%) = SELoes = 10 el

HEAT BALANCE: M, 4B = OUTPUT+L OR n (%) = [I- _'.-_] x 100

Figure A-1l.

H +8

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. Figure A-2 shows the HP-
67 keyed calculation sheet for calculating efficiency by the ASME Heat Loss

Method.
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SUMMARY SHEET

TABLE A-1
ASME TEST FORM

FOR ABBREVIATED EFFICIENCY TEST

PTC 4.1.011964:

TEST NO. BOILER NO DATE
OWNER OF PLANT’ LOCATION
TEST CONDUCTED BY OBJECTIVE OF TESY DURATION

BOILER MAKE A TYPE

RATED CaPACITY

STOKER TYPE & SIZE

PULVERIZER, TYPE & SIZE

BURNER, TYPE & SIZE

53
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FUEL \JSED MINE COUNTY STATE SIZE AS FIRED
PRESSURES & TEMPERATURES FUEL DATA
AM PR IN '] R DRUM COAL AS FIRED
1| ste £5SURE IN BOILER DRU pric raax &> TIRED % oiL
2 STEAM PRESSURE AT S. H. OUTLETY psio 37 | MOISTURE 51 [FLASH POINT F°
3] STEAM PRESSURE AT R.H. INLET psto 38 | VOL MATTER 52 | Sp.Grovity Deg. API*
. VISCOSITY AT SSU*
4 STEAM PRESSURE AT R. M OUTLET psia 39 { FIXED CARBON 53 | BURNER SSF
TOTAL HYOROGEN
S | STEAM TEMPERATURE AT S M. OUTLETY F 40 | ASH 44 % wt
6 | STEAM TEMPERATURE AT R M_INLET F TOTAL 41 | Broperib
7 | STEAM TEMPERATURE AT R H. OUTLET F 41 | Biw per |b AS FIRED
ASH SOFT TEMP.*
B WATER TEMP. ENTERING (ECON )(BOILER) F 42 ASTM ME THOD GAS % VOL
COAL OR OIL AS FIRED
9 STEAM QUALITY % MOISTURE OR P.P M ULTIMATE AMALYSIS 54 |1 CO
10 AIR TEMP. AROUND BOILER (AMBIENT) F 43 | CARBON 8§ {CH, METHANE
TEMP AIR FOR COMBUSTION
n
{Thiy 13 Relarance Temperature) t F 44 } MYDROGEN & CiH, ACETYLENE
12 TEMPERATURE OF FUEL F 45 | OXYGEN §7 |C,H, ETHYLENE
13 | GAS TEMP LEAVING (Berier) {Econ.) (A Hirr.) F 46 | NITROGEN sg |C;Hs ETHANE
P. ENTER! 1]
14 GAEJE:A'“ E:! ..E.'LEE.?H( condiians to be - | suLpHur s |H.s
UNIT QUANTITIES 40 | ASH 40 1CO,
15 | ENTHALPY OF SAT. LIQU!D (TOTAL HEAT) w/lb 37 _| MOISTURE 61 M, HYOROGEN
16 | ENTRALPY OF(SATURATED)(SUPERHEATED)
ST Bru/lb TOTAL TOTAL
ENTHALPY OF SAT. FEED TO (BOILER TOTAL HYDROGEN
- jECOLN.) OF s Ee (BOILER) 81/1b COAL PULVERIZATION ® o
48 | GRINDABILITY 62 |DENSITY 68 F
18 | ENTHALPY DF REHEATED STEAM R.H. INLET|B1u/1b INDEX* ATM PRESS.
19 | ENTHALPY OF REHEATED STEAM R. H. 49 | FINENESS % THRU
OUTLEY Bru/1b 50 m 63 [ B PERCUFT
2C | MEAT ABS/LB OF STEAM (ITEM 16 =I1TEM17) [Biw Ib SO | FINENESS ;.Tnnu 41 | g, PER LB
00 m*
21 | MEAT ABS.LB R.H. STEAM(ITEM 19— ITEM 1818/, INPUT.OUTPUT ITEM 31 = 100
EAT ABS/LB R.H. STEAM(TE o 4 | erriciency oF unIT % ITEM 29
22 | DRY REFUSE (ASH PIT ¢ FLY ASH] PER LB Bru/lb -Rof A.
AS FIRED FUEL 1b/1b MEAT LOSS EFFICIENCY A.F. FUEL | FUEL
23 | Bw PER LB IN REFUSE (WEIGNTED AVERAGE]} [Bru/tb &5 | NEAT LOSS DUE TO DRY GAS
24 | CARBON BURNED PER LB AS FIRED FUEL 16/1b 66 1 MEAT LOSS DUE TO MOISTURE IN FUEL
25 | DRY GAS PER LB AS FIRED FUEL BURNED {b/1% 47 | HEAT LOSS DUE TO M,0 FROM COMB OF N
HOURLY QUANTITIES 48 | MEATLOSS DUE TO COMBUST. IN REFUSE
26 | ACTUAL WATER EVAPORATED T 69 [ HEAT LOSS DUE TO RADIATION
27 REMEAT STEAM FLOW Ib/he 70 1| UNMEASURED LOSSES
28 | RATE OF FUEL FIRING (AS FIRED wt) 1b/he n TOTAL
29 | TOTAL HEAT INPUT (ltem 28 x liem 41} &8/hr 72 | EFFICIENCY s (100 « btem 71)
- 1000
30 | HEAT DUTPUT IN BLOW.BOWN WATER kB/he
n ;g:#" (11am 267 l1em 20) s(ltem 27 sltam 21) +item 30 | KB/,
ouUTPUY 1000
FLUE GAS ANAL. (BOILER)(ECON) (AIR HTR) OUTLET
322 | co, % VOL
1] 0 % VOL
3a ] cO % VOL * Not Required for Elficrency Testing
35 | N, (BY DIFFERENCE) % VOL
36 | EXCESS MIR % 1 For Point of Measurement See Par. 2.2.8.1.PTC 4.1.1964



TABLE A-2
ASME TEST FORM

PTC 4.1-b (1964)

CALCULATION SHEET FOR ABBREVIATED EFFICIENCY TEST Revised September, 1965
OWNER OF PLANT TEST NO, BOILER NO. DATE
[ ITEM 1S ITEM17] &B/hr
30 | HEAT OUTPUT IN BOILER BLOW-DOWN WATER LB OF WATER BLOW.DOWN PER MR X | ooz cc mdIPIPTI AT PO
1000 _|
If impracticol 10 weigh refuse, this
ifem ¢on be estinoted as follows
- % ASH IN AS FIR :
ORY REFUSE PER LB OF AS FIRED FUEL = £D COAL NOTE: IF FLUE DUST & ASH
24 100 - % COMB. IN REFUSE SAMPLE PIT REFUSE DIFFER MATERIALLY
IN COMBUSTIBLE CONTENT, THEY
- ITEM 43 ITEM 22 ITEM 23 SHOULD BE ESTIMATED
CARBON BURNED ] x SEPARATELY. SEE SECTION 7,
PER LD AS FIRED = ———— -
PER | B AS D = "50 Ta.500 = COMPUTATIONS.
DRY GAS PERLE  11C0, ¢ 8C, ¢ 7(N, + CO) 3
AS FIRED FUEL = x (LB CARBON BURNED PER L8 AS FIRED FUEL + 5)
3(CO, + CO) ®
BURNED
25 ITEM 32 ITEM 33 1TEM 35 ITEM 34 ITEM 24 ITEM 47
nx ¢« 8 x . x .
ITEM 32 ITEM 24 267
kI P
co
EXCESS 0 & ITEM 33 - M—
B [ ARy s 100K — 2 5 £ 100 x 2 B aeiiinas
‘ G - 3=) 2682 (ITEM 35) — (1TEm 33 - [TEM 34,
2
Bw/lb Loss
MEAT LOSS EFFICIENCY AS FIREDl HHAV Loss
FUEL 100 = LI
HEAT LOSS DUE LB DRY GAS ITEM -
65 | TODRY GAS s PERLBAS xC x{'lvg - toir) = ¢ 25:0.24 (TEMID -OTEMID) 2 x 100 =
FIRED FUEL Ynit e cervoe awerne teesai]een LIS BEEEEER
%6 | MEAT LOSS DUE TO _ LB H,0 PERLB P
MOISTURE IN FUEL =S FIRED PUEL * [ (ENTHALPY OF vnl:oa ‘;T 1 PSIA R T GAS LVG) € 100«
- (ENTHALPY OF LIQUIDAT T AIR)] = _TE:_‘O_’__ x [(ENTHALPY OF YAPOR o
AT 1PSIAS TITEM 13) ~(ENTHALPY OF LIQUID ATTITEMIN] = ccveo feveer ] eenne.
67 | MEAT LOSS DUE TD M,0 FROM COMB. OF Hy = 9H, x [(ENTHALPY OF VAPOR AT 1| PSIA & T GAS
LVG) = {ENTHALPY OF LIOUID AT T AIR)] 87 100 =
a9 x TEM44 . [(ENTHALPY OF VAPOR AT 1 PSIA & T ITEM 13) - (ENTHALPY OF LIGUID AT a
100 TITEMIN) ® e eenconnnces A R RPN
88 | MEAT LOSS DUE TO ITEM 22 ITEM 23 L
COMBUSTIBLE IN REFUSE = x = N
69 | HEATLOSSOUE YO _ TOTAL BTU RADIATION LOSS PER MR o0
- s
RADIATION® LB AS FIRED FUEL — 1TEm 28 Q
70 | UNMEASURED LDSSES °* veeene ] Pxro0s] ...
Qa
nlvora  eeeeee ] e R
721 EFFICIENCY & QOO =ITEMTYY e e v
1 For ngorous determination of excess oir sew Appendix 9.2 = PTC 4.1-1964
* If losses are not measured, use ABMA Standord Rodiatien Loss Chart, Fig. B, PTC 4.1-1964
** Unmeasured losses listed in PTC 4.1 but net tabulated cbove moy by provided for by ossigning o myutvolly
agreed upon volue for item 70.
KVB1l1-6015-1224
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FIGURE A-2
HP-67 XEYED CALCULATION SHErT
ASME ABBREVIATED EFFICIENCY CALCULATION - HEAT LOSS METHOD

Test No. Date location Unit No. Fuel

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

Wt. \ in as-fired fuel: C S, Moisture V. N S, § L)
Al: (STO 0) A2: (ST0 1) Ad: (570 2) A4 (STO 3)
High heating value of fuel as-fared Btu/lb
ASt (STO 4)
B. FROM FLUE GAS ANALYSIS:
Volume A\ an flue gas of: 02 S Co2 %, CO L)
Bl: (STO §) B2:(STO 6) B3: (STO 7)
C. FROM REFUSE (FLY ASH AND ASH PIT) ANALYSIS:
Cl. Fraction of dry refuse in fuel 1bs dry refuse/lb as-fired fuel
(STO 8)
C2. Heating value of dry refuse (weighted average) Btu/lb dry refuse
(ST0 9)
C3. Wt. A\ of combustibles in refuse L)
(EP%S)STOUILP 28)
D. MEASURED TEMPERATURES
Dl. Gas temp. leaving boiler, econ. or air heater °F
(STO A)
D2. Comd. aar temp. °F
(STO B)
E. TFROM STEAM TABLES:
El. BEnthalpy: Hzo(q) at terp. Dl & ) psia Btu/lb
{ST0 C)
E2. Enthalpy: HZO(U at corb. air temp. Btu/1b
(STO D)
T. TROM AR'A STANDARD RADIATION LOSS CHART (UNLESS MEASURED) :
Fl. Heat loss due to radiaticn \ of gross heat input
(STO E)
G. FROM UIT SPECIFICATIONS (if available, otherwise enter 0):
Gl. Unmeasured losses A of gross heat anput
(£P %X8)(STOO)(L P % 5)
. 100 (2Bl - B3)
1. Excess Mr X 5o3ei(i00 - B1 - B2) - (351 = B3) w0
2. (Optional) Pounds dry gas per pound of fuel =
Bl « 4B2 + 700 &_ Cl x C2 A e
=3®:2 +83) x 1300 13500 ) * 800 (R/S) 1bs dry gas/lb as-fired fuel
1 -
100
\ of Gross (Optaional)
Heat lLosses Heat Input Btu/lb as-fired fuel*
3. Due to dry gas « 202 E0:2x (1 - D3) (8) we____
4. Due to moisture in fuel = -‘2—%& ©________  ws______
- E2
5. Due to 0 from combustion of n, « LEAMEL=EDN ) 0y
6. Due to combustibles in refuse = -l—t,o—:sm (E) {R/S)
7. Total losses = Sum of calculated losses + F1 + Gl (fa)__ (R/S)
8. Efficiency = 100 - Total losses e _______
*Calculated as percent of gross heat input x AS + 100
55 KVB11-6015-1224
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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 whach 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 (C02). 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 Purpos=
B-1 Tharty-Day Field Test Data Sheets Record control room data
B-2 Gaseous Emissions Data Record Gaseous Emissions

Analyzer data

B-3 Nozzle fize, QOn and AH Calculations Calculate nozzle size,
flow rate, and AH 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 2ero and Calibration Drift (2 hr) Continuous monitor certi-
fication

B=-? Accuracy Determination (NOx) Continuous monitor certi-
fication

B-8 Calibration Error Determination Continuous monitor certi-
fication

57 KVB11-6015-1224



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

58

Continuous monitor certi-
fication

Calculate weight of solid
particulate catch

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

Calculate particulate em-
mision factors

Record temperature and
velocity profile of stack

Calculate stoichiometric
properties of fuel

KVB1l1-6015-1224



Figure B-1.

THIRTY DAY FIELD TEST DATA SHEET

KVB,

Inc.

Site

Fuel

Test No.

Date

Time

Load

Test Description

Windbox, in. H.0

Furnace, in. H.O
&=

Overfire air, in. H.O
&

Boiler exit, in. H.O
C

Economizer exit, in. H. 0O
4

ID fan inlet, in. H_.O
Stean flow, kpph

Txme{
Integrated steam flow k lbs

Air flow indic.

Superheater outlet temp. °F

Flue gas temp,
economizexr 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

59

{continued)

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

THIRTY DAY FIELD TEST DATA SHEET

Page 2

Test No.

Smocke Indicator Chart

Rotary speed

Spill plate setting

Grate speed

Overfire air damper,
R open

Puel flow, Time/lbs

Flame observations

Bed thickness

General furnace
appearance

Clinkers

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

Comments:

60

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

Low nox Control Method

KvB, INC.
GASEQUS EMISSIONS DATA

Date

Engr.

Unit No.

Fuel

Unit Type

Location

Capacity

Burner Type

l. Test No.

2. Time

3. Load

4. Process Rate

5. Flue Diam. or
Size, ft

6. Probe Position

7. Oxygen (%)

8. NO, (hot)
read/3% O. (ppm)

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

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

1l1. Carbon Dioxide
(%)

12. Carbon Monoxide
{(ppm)} uncor/cor

13. Opacity

14. Atmos. Temp.
{°F/°C)

15. Dew Point Temp.
{°F/°C)

16. Atmos. Pressure
(in. Hq)

17. Relative
Humidiey (%)

6l

Data Sheet
6015~-23

9/29/78
KVBl11l-6015-1224



Figure B-3.

HP-67 Keyed Calculation Sheet
NOZZLE SIZ2E, Q. and AN CALCULATIONS

Test No. Date Location
Unat No. Puel Sampling Method
Crew: Engr. Techs.
DATA
Constants Rey Actual Conditions Key
Pitot Factor, Fg (STO 1) Meter Temperature, Tp(°F) (STO 5)
Orifice Factor, J (STO 2) Barom. Press., Pg,, {(an. Hg) (STO 6)
Orafaice Dian., Do {an.) (5T0 3) Static Press. Diff., APy (awg) (STO 7)
1deal Meter Flow, Qn (ACFM) {STO 4) Nozzle Temp., T, (°F) (STO B)
Stack vel. Press., Op (iwg) (STO 9)
NOTE: TO RECALCULATE IDEAL NOZZLE SIZE, Gaseous Stack Composition
RESTORE DATA IN REGISTERS 4 THRU 8, CLEAR
§ Ha0 \) ENTER
- 2 ——
STACK AND RC-ENTER 0 uzo. 1) 02, and o COZ ‘o, ary ) ENTER
\ COj dry )

IDEAL WOZ2ZLE CALCULATIO:N

(A} Jdeal Nozzle Size, Dn (1deal) inches
NETER FLOW RATE AND ORIFICE PRESS. DIFF. CALCULATIONS
Actual Nozzle Size, inches

Dn (Actual)

(C) Actual Meter Flow Rate, %(Actual) ACFM (on meter)

(RCL 7) Oraface Press. Di1ff., 4H to obtaain Ql(kctuul) ivg

NOTE: To Determine Qn and AH for Other Actual Nozzle Size, Key in Dp(a~pua)- Press C for Qn' then RCL 7
for AH. .

For one Dp(actual) ¥ith Changing Stack Velocity Pressure {8p) and Nozzle Temperature (Tn)
(It 13 not necessary to restore data an registers 4-8 for these calculations)

4p (ENTER) Tn (E) On (R/S) AW’
(3wg) (°F) (ACFM) (1wg)

|
|l
Il

EQUATIONS

(1) W, = 1/35 (4860, 80,0 ¢35 (/2> wmle) (2) . on, (. .3:9; “o) ¢ im0 RO (/1b mole)

(3) L ACRENY MRy % (1n. of water) (ll) Voo it (T, ¢ GOVIF, R te/min)

.
R (zman) Ta ® 4400 13.8 1 1828475 v75%0 ¢ v, o 450l

(5) 8 - S 8.0/100 S I

{1 = (8 1,071000 )T, * 460) P, (820475 32370 ¢ (v, « so0r - vea N, 07 p0nn)) e
(6) 0. i200uy = I AT und (7) G acemats = Mo O aceaasy 18238 e
0 ST, -
$01n chare n c mmser of ftarstions tocbeatn By, UM, )
we o n, v s T
(9) oo, - e e Y in. of water)
62 KVB11-6015-1224
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Figure B-4.
KVB

Engineer

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME FOR CONTINUOUS INSTRUMENTS

Date of Test

Span Gas Concentration ppm

Analyzer Span Setting PP

1l seconds
Upscale 2 seconds
3 seconds

Average upscale response seconds

l seconds

Downscale 2 seconds
3 seconds

Average downscale response seconds.

System average response time (slower time) = seconds.

§ deviation from slower _|average upscale minus average downscal
system average response slower time

e] x 1008 =

Data Sheet 6017-35
63 40CFR60/ApPP. B
/1777

KVB11-6015-1224




Fiqure B-5.

KVB _
Engineer

MONITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

Date Zerxo Span Calibration
and Zero Drift Reading Drift
Time Reading {(AZero) (After Zero Adjustment) (ASpan}

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

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

*Absolute Value

Data Sheet 6017-34
40CTR60/ApPP. B
/1/717

64 KVB11-6015-1224
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YZZT1-STO9-TTEAN

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
4
S
6
. X
8 <
9 (o)
10
11
12
13
14
15

Zero Drift = [Mean Zero Drift* 4+ CI (Zero) ] ¢ (Span} x 100 = .

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

*Absolute Value.

Data Sheet 6017-33
40CFR60/App. B
7/1/77

‘9-g axnbrg
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MONITOR PERFORMANCE TEST DATA SHEET

ACCURACY DETERMINATION (NOx)

e

Engineer

g

*L-g 23061

YZZT-STO9-1TaAX

r========T=========?=======Li Reference Method Samples
Date Nox NOx NOx Nox Sample ::::Z;:r‘;;:ﬁgr Dl:;:;:nce
Test and Sample 1 Sample 2 Sample 3 Average NO NO
No. Time {ppm) (ppm) (ppm) (ppm) x x
1
2
3
4
S
6
7
8
9
Mean reference method Mean of
test value (Nox) the differences

95% Confidence intervals = + ppm (Nox)

Mean of the differences + 95% confidence interval

Accura =
cles Mean reference method value

x 100 = t (NO)
x

* Explain and report method used to determine integrated averages

40CFRGO/App. N
/17717

Data Sheet 6017-32



Figure B-8.

KVB

Engineer

MONITOR PERFORMANCE TEST DATA SHEET

CALIBRATION ERROR DETERMINATION

Calibration Gas Mixture Data

Mid (50%) ppm High (90%) ppm
Calibration Gas Measurement System 1

Run # Concentration, ppm Reading, ppm Differences, ppm
1

2

3

4

5

6

7

8

9

10

1l

12

13

14

15

Mid High

Mean difference
Confidence interval + +

2
. Mean Difference” + C.I.
Calibration error Average Calibration Gas Concentration x 100 A :

1Ca1ibxation gas concentration - measurement system reading

2Absolute value

Data Sheet 6017-31
67 40CFR60/ApPpP. B
/1777
KVBl1ll-6015-1224




Fiqure 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
68 40CFRE0/App. B

/1777
KVB11-6015-1224




Figure B-10.

Test No.

PARTICULATE CALCULATION SHEET

Date

Box No.

Test Description

Sample Probe Position

Location

Test Crew

Dry Gas Meter Vol. (ft7)

Final
Initial
Total

3

Impinger Water Vol (ml)

2

3

S. Gel | Total

Final

Initial

A vol

Beaker No.

Agn;ilter

Blank

No. No.

Date
Wweighed

Tare

we.

A

ﬁo\un.hwuv-

Bottle No.

Impinger

Content (Water)

Probe
(Acetone)

Probe
(Water)

Cyclone
(Acetone)

Flask
{Dxy)

Rinse (ml)

Date Weighed
or 250 Bake

Final 1

wt. 250 2

3

4

S

6

Avg

Residue wt
Final 250-Tare

Date Weighed
or 650 Bake

Final 1

Wt. 650 2

awnids

Avg

Residue Wt
[Final 650-Tare

Comments:

69

Data Sheet 6002-3

KVB11-6015-1224




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 inal .
Stack Moisture 3 J final Meter:
Ambient Temperature 43 ai Initial Meter:
Nozzle Diameter in, @iam.
Atmospheric Pressure in.Hg
Weather
Stack Gas Pressure, Ps iwg
Abs. Stack Press., AP=P_+407= iwga
Stack Gas Sp. Gravity, 8s n.d.
Stack Area, As £t2
Time Vm AP H .
Meter | Vacuum | Pitot [Orfice | Stack Impinger Filter | Meter
Volume | Gage Tube LPressur Temp. Temperature Box Temp.
Reading| ReadingPressur¢ Diff Temp.
Out In-
(CF) (iwg) (iwg) (°F) (°F) (°F) (°F) (°F) (°F)
Total Op
Avg. S
+ 460
Tg= °r
70 KVB11-6015-1224
60-13

11/20/75



HP-67 XEYED CALCULATION SHEET*

Figure B-12. PARTICULATE EMISSION CALCULATIONS
Test No. Date Location Engx.
nit No. Fuel Sampling Train and Method
Pitot Factor, Fs .83 Barometric Pressure, Pb in. Hg
arsTo 0)
Tot. Liguid Collected, Vl ml Total Particulate, M m gm
o 1T STO 2)
. : 2
Velocity Head, AP iwg Stack Temp., Ts °F stack Area, As ft
* T TEToI) _3 ST AT — !
Sample Volume, Vm ft Stack Press., Psg iwg Excess 0,, X0,% %
{STO ©6) (STO 7) 2 GETOn
Orifice Press. Diff., H iwg, (Flue Gas Density/Air Density)@ Tg, Gs n.d.
—=T0 9T (STO A)
Sample Time, € min Nozzle Dia., Dn in. Meter Temp., T oF
—5TO B) {STO ©) TIETO DY
Select Fe 0il (A) Gas (B) Coal (C)] Other:
sc Feet/10° Btu 92.2 87.4 98.2 o)
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 Mn/Vmst a grains/DSCF
b. C = 2.205 x 10 ° M/vm_ 1b/DSCF
c. C=Eq. 4b x 16.018 x 103 grams/DSCM
5. Abs. Stack Press. Ps = Pbar x 13.6 + Psg in. w abs.
6. Stack Gas Speed Vs = 174 Fs YAPTs ggz x légg ft/min
530 Ps .
7. Stack Gas Flow a. Osw = Eq. 6 x As x T X 207 WSCF/min
Rate @ 70°F -
b. 9sd = Eq. 7a x (1. - Eq. 3) DSCF/min
8. Material Flow Ms = Eg. b x Eg. 4b x 60 1b/hr
9. xoz factor xozf = 2090/(20.9 - xozs) N.D.
10. Emission a. E=Eq. éb x Fe x Eq. 9 1b/MMBtu
b. E=Eq. 4c x Fm x Eg. 9 x 1000 ng/joule
11. s Isokinetic I = 14077 x Ts (vmstd + v""st:ci) .
0 xVs x Ps x l)n2
*I1f calculating by hand:
1) Convert Ts and Tp to °R
2) Multiply EQ 1 by 530/Tp(°R) if meter not temperature compensated.
3) Fp = 2.684 x 1075 x Fe 71 Data Sheet 6002-4

Revised 9/27/78
KVBl1-6015-1224



KVB, Inc.
Figure B-13.

VELOCITY TRAVERSE

- aject: Test Description:
bate:
Location: Stack Cross Section
Unit: .
Test: Personnel:
Fuel:
Barometric Press. (in. Hg}:
Absolute Static Press. in Stack (in. Hg): (Pg)
Pitot Tube Coefficient: (cp)
'rsAP 1/2
V_=85.48 C — L
S P PSMS
Velocity 02
Traverse Point Head Gas Temp. Gas Temp. Molecular | Velocity Conc.
Time Port Depth (in. H,0) (°F) {°R) wt. (ft/sec) - |(s Dry)
72

Data Sheet KXVB 6002-13 KVB11-6015-122¢4



Figure B=14.

Test No.

KvB

Date Locataion unat No.

Fuel

Fuel Sample lio. Fuel Sample Poant

(1) (CL REG).

(c}

[R/S)
(R/S)
(R/S)
{R/S)
(R/S)
(R/S)

) (A

(R/S}

(R/S}
(R/S)
(R/S)
{R/S)
{R/S}
{R/S)

(decamal pt. blinks)

(RCL) (2) (D)

Item 18.

LIQUID OR SOLID FUEL CALCULATIONS

(£) (P%S), (f)(CL REG), Load data card, then PGRM card (both sides)

*Input HHV (Btu/lb) s (A)

lnput wt & C s (R/S)

*Input we \ H —_ e (R/5)

*lnput wt 4 S I .7

°Input wt § O , [(R/S)
L]

*lnput wt § N

Dry stoichiometric moles flue gas/lb fuel =
(One may proceed to atems 9, 17, or 18 by pressing (f)(A), l:l. or
entering MW and pressang (B), respectively.)

“Input wt V H,0 in fuel (0 1f none)
Moles R 0 an flue gas/lb fuel
Total moles of flue gas (stoachiometric)/1b fuel
Ory volume/wet volume
Volume ¢ nzo an flue gas
Volume & €Oy, dry in flue gas
soz {(ppm by vol.), 4ry st stoachiometrac
NO (ppm by vol.), dry at stoachiometric

lllllll

- e Em e e e ea e B e R e e e R e ® e e e R ®® R e T =" =" " e e =

Stoichiometric air/fuel ratiao (1b air/ld fuel)

(Before items 10-16 may be determined, items 1-9 must be completed.)

(D)

10.

.
12.
13.
4.
15.
16.

12.

®Indicates

- 20.95 dasplayed

[R/S} - decamal poant blinks after
pressing: item ¢] dasplayed

*Input measured vol. % 02 for 02 correction

Gas moles at § 02 _ 20,95 -
Gas moles, stoic. 20.95 - & oz

Dry moles flue gas/ldb fuel at ¢ o,

vei. % coz. dry at 02

st:2 (ppm by vol.) dry at L O

NO (pprm by vol.) dry at § o2

vol. & 8,0 at % O,

Percent Excess Mr

Converts item 1 to SCF dry flue gas at -ecm-:h/m6 Bty =

——————————
- m e e w e e e Em e W B E E e EE e W R e e ® T E B ®® R ®E ®®®® e ® =

*Input MW, (B), program calculates X (:lbllo‘ Btu = ppm/X)
(MW = 46 for NOx, CO = 28, HC = 16, SOx = B4)

1. ?lnput measured ppm at I 02. dry, (R/S), program calculnn lb/.lo Btu.
2. (Optaanal) No anput, (R/S), program converts 1b/10 Btu ~ ng/J
J. Repeat eteps (1) and (2) as necessary.

*Enter next value of MW, complete step (a! followed by steps (1), (2), and
{3):-- Repeat for all species desired.

"™ K for 1b/10% peu

—— e ———————
NOx 46
co 28
HC 16
50x 64

input is raquirsd Data Sheet 6015-19

3 Revased 7/6/78

~)

KvVB11-6015-1224



APPENDIX C

CONTINUOUS MONITOR CERTIFICATION DATA SHEETS

KVB11-6015-1224
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SL

MONITOR PERFORMANCE TEST DATA SHEET

»22T-ST09-TTEAY

ACCURACY DETERMINATION (NOx) Enginger
Reference Method Samples

Date No_ NO_ NO_ NO_ Sample Analyzer l-Hour Difference
Test and Sample 1 Sample 2 Sample 3 Average Average (pp:z,' (ppm) NO
No. Time (ppm) (ppm) (ppm) (ppm) x x

V=0 1Y
1 _B30 471 43 40 143 9971 -~ \4b |
2 Q30 o2 LOAD LA aq 4 o7 - 221
3 1030 Q2.9 qz1 \o\ 614 a3 -1l
4 wao \o18 azs [oc4 q 38 RS -~ 81
> 12.30 A\ Q17 Q32 Q2.2 2829 - o3
6 1n30 QA2 Q49 . =3~ Q50 8857 -G3
! 14230 a13 334 \cZ 418 810 - \59
8 \s30 \o1 2 Q2o \WO 3 N-3- Y es) ~\s)
2 120 G 49 Q%7 asz A4 6 57 - B9
Mean reference method Mean of
test value (NO ) Q42 the differences ~\1%5
95\ Confidence intervals = + 47).\9Q ppm (No_)
Mean of. the differences + 95% confidence interval
Accuracies = Mean tefet!!nce method value x 100 = M‘ (Nox)
* Explain and report method used to determine integrated averages
Data Sheet 6017-32 40CFR60/App. B

/1717

g8AN



MONITOR PERFORMANCE TEST DATA SHEET

ACCURACY DETERMINATION (NOx)

Reference Method Samples

t——

Engineer

—— m——
— — —

9L

yZZT-ST09-TTEAN

95% Confidence intervals = +

Accuracies =

3391\

ppm (Nox)

Mean reference method value

Mean of the differences + 95% confidence interval

Dat NO NO NO NO_ Sample Analyzer l-Hour pifference
e x x x x Average (ppm)* {(ppm)
Test and Sample 1 Sample 2 Sample 3 Average ge Ip NO PP %o
No. Time (ppm) {ppm) {ppm}) {ppm) x x
G-g-19
!  Jaizo 1449 1z sz S8 LS | -1
2 0130 J0bL 114 121 A 1Z ~AZ
3 1L 30 NOT TAREN 543 583 | Db 5S40 -23
4 1230 S5 5 S8 Z 538 D48 428 -0
5 1330 55 SLo 5% 1 SS8 S13 45 |
6 a:30 | L2 (o L& wis | (2O S5 7J - b
7 5220 | YO 100 LR | LAZ SB3 -~ 1069
8 1630 LS 4 L9 100 o 4 sq4 - \co
9 11730 RS A 23\ 05 230 9 4 -\3b
Mean reference method Mean of
test va1:e (nox) o L4 the differences - 12.1

x100 = |b.05 & (Nox)

* Explain and report method used to determine integrated averages

Data Sheet 6017-32

40CFR60/APP. B
771777

A



KvVB

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME

Oa

Date of Test _\o-7. 719
Span Gas Concentration Q.271°%Z ppm

Analyzer Span Setting _92.9 Ppm

1 _ Q2.0 seconds
Upscale 2 _©4.8 seconds

3 _ 85.0 seconds
Average upscale response £8.8 seconds

1 S .0 seconds
Downscale 2_Q .2 seconds
3 qo. ?. seconds

Average downscale response Q0.@ seconds.

System average response time (slower time) = ©S-8 geconds.

s deviation from slower _|average upscale minus average downscale x 1008 = =02
system average response slower time —_—

40CFR60/App. B
/1777

77 KVB11-6015-1224




KVB

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME

Coz

system average response

Date of Test (b-7)-1\§

Span Gas Concentration \—j.ao}, ppm

.Analyzer Span Setting _G5.0 ppm

l ~7~7 seconds

Upscale 2 -7 7 seconds

3 __ (.5 seconds
Average upscale response “1(0.R seconds

1 79 A: seconds

Downscale 2 _T73.0 seconds

3 _TJ.0 seconds
Average downscale response 7(p.] seconds.

System average response time (slower time) = 1(9.3 seconds.

% deviation from slower _|average upscale minus average downscal
slower time

e] x 1008 = A\%.

40CFR60/App. B
71/77

78

KVB1l1-6015-1224



KVB

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME

__No

Date of Test (»b-T1-719
Span Gas Concentration _ 224 ppm

Analyzer Span Setting _ Q4.0 ppm

l1 ©o0.4 seconds
Dpscale 2 _1a.b seconds

3 _@b.4 seconds

Average upscale response @ \.@ seconds

1l 85.0 seconds
Downscale 2 0.0 seconds
3 ®83.0 seconds

Average downscale response ®72 .-] seconds.

System average response time (slower time) = ®V72.77 seconds.

% deviation from slower _|average upscale minus average downscale _
system average response =[ slower time x 100% = 7.0\.

40CFR60/App. B
/1777
79 KVB1l1-6015~1224




KVB

MONITOR PERFORMANCE TEST DATA SHEET

RESPONSE TIME

co

Date of Test (p-T1.T9

Span Gas Concentration G oo PPm

Analyzer Span Setting S0.0 Ppm

Upscale

Average upscale response

Downscale

1 B8c¢.5 seconds
2 8i. seconds
3 B1l.0 seconds
Ki.0 seconds

1 871.71 seconds

2 81.0 seconds

3 84.0 seconds

Average downscale response & (0.7 seconds.

System average response time (slower time) =

% deviation from slower
system average response

seconds.

21.0

=[average upscale minus average downscal

slower time

e] x 1008 = -06,

40CFR60/App. B
/1777

80

KVB11-6015-1224




KVB
Engincer

MON1ITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

C=2
Date Zero Span Calibration
and Zexo Drift Reading Drift
Time Reading (Azero) (After Zero Adjustment) (Aspan)
256 | DNA DNA Q.21 9% -
S 4.2.090 ~ .07
e 104 .14, - .0\
b-8-19 :
e 50 | Q.27 :.08
h—s_-‘s'g | A V19 —-
-\0 -8 )
'S0 4.21% )
3. 9
Y} .21 %
-1 -
@ E0 Q.2L1%p [0

Zero Drift = [Mean Zero Drift* (®) + C.XI. (Zero) pwmp )
% [Instrument Span] x 100 = pwA -

Calibration Drift = [Mean Span Drift* -.o3-11 _+ C.I. (Span) _.120L1 ]
< [Instrument Span] x 100 = \.(p3 .

*Absolute Value

Data Sheet 6017-34
40CFR60/ApPP. B
i/

"8l KVB1l1-6015-1224



KVB _
Enainecer

MONITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

Coa

Date 2ero Span Calibration

and Zero Drift Reading Drife

Time Reading (AZero) (After Zero Adjustment) (Aspan)
-S. B .
| &so - — \N.9 %% -

E-' go ) ) = | 1.257a -
w:".19] - _
=R o 11.2%2

. e .
u&: S0 | o — V1.8 7 : -

.q. i _

8-50 o \1.8% -

-\ O M 0

8. 60 o - \1.2% -
- \1-19

850 | c = 129 -
52-|1-ﬁSF
_E8°So 1) - L1.B%% -

Zero Drift = [Mean Zero Drift* o 4+ C.I. (Zero) ) )]

¥ [Instrument Span] x 100 = o .
Calibration Drift = [Mean Span Driftt ° o 4+ C.X. (Span) o ]
€ {Instrument Span] x 100 = o -
*Absolute Value

Data Sheet 6017-34
40CFR60/APP. B
/1717

92 KVB11-6015-1224




KVB

Engineer

MONITOR PERFORMANCE TEST DATA SHEET

2ERO AND CALIBRATION DRIFT (24-HOUR)

*Absolute Value

¥ [Instrument Span] x 100 = [} .

NA
Date Zero Span Calibration
and Zero Drift Reading Drift
Time Reading (A2ero) (After Zero Adjustment) (ASpan)
-5-19 )
280 0.0 - 234 PPwm o
b --1a]
850 = lLodm - 234 PP w (=)
- -
Y ¥ 4 pomy 24 234 PPw [o)
-a-q] :
| - 50 - 3PvM -% 224 PP 0
Jo-98.04 |
@-80 -0 o 254 00wy [4)
18-19
R'G0 o.o (=] 224 09w 0
{o-11-110
8:50 | + 1?9 +1 _2%4_ P Pw o)
- \2-
& so 0o (o) 234 PPW) (]
Zero Drift = [Mean Zero Drift* 2 (Zexo) 2290 1]
# [Instrument Span] x 100 = /7% .
Calibration Drift -~[5ean Span Drift* + C.I. (Span) ) ]

83

Data Sheet 6017-34
40CFR60/ApPP. B
/17717

KVB11-6015-1224




KVB |
Engincer

MONITOR PERFORMANCE TEST DATA SHEET

ZERO AND CALIBRATION DRIFT (24-HOUR)

cCo
Date 2erxo Span Calibration
and Zexo Drift Reading Drift
Time Reading (Azero) (After Zero Adjustment) (Aspan)
L-5-3% |
Y- .0 QAo PPwn
!e .b.:s 5
e-.%0 0.0 Qno PP™M
g-T-19
el sS.0 PP 0o PPw
R =.0 pem Aso 29w
!g.q.-\s R
& ¢s¢ 8.0 P Qoo PPwm
!!'lQ"‘S .
R0 - - Qoo PP™M
Zero Drift = [Mean Zero Drift* 4+ C.I. (Zexo) ]
4 [Instrument Span] x 100 = -
Calibration Drift = [Mean Span Drift* - + C.I. {Span) ]
% [Instrument Span] x 100 = .

*absolute Value

Data Sheet 6017-34
40CFRE60/APP. B

/73777
84 KVB11-6015-1224




S8

PTCT-STO9-TT1EAN

MONITOR PERFORMANCE TEST DATA SHEET
ZERO AND CALIBRATION DRIFT (2 HOUR)

Oz,
Data Zero Span Calibration
Set Time Zero Drift Span Drift Drift
No. Begin | End Date Reading (AZero) Reading (Aspan) (Span-Zero)
NS LEmO
leynns 8 So L-%-\2 JaQIuST DN A A.21% — —
2 \0'80 p-5-19 A. 217 o =
3 11280 L-5- 19 AL - .0\ .0l
4 1450 L-5-19 9.29%7 + .03 o3
S o' S0 L-5-1\q 9.4 °7o r .10 11
6 18" S0 lo-5-119 9.4 7, o o
7 svary | B s0 la--119 ‘a.21°%, — —
8 _\o-so l-la-14a Q.15°7, -.o2 .02
9 12°50 ©--19 QA.25%, = o
10 14° 50 -le-09 Q.25 | o
11 L' 50 b-6-1\9 Q.21 y.0T o2
12 12 50 L -9 Q.20 95 o o
13 v 8 Sq e-"1-1q Q.21% - -
14 10:59 b--1q Q.29%2 x+.02 -02
15 \Z 50 o-n-n9q) QA.2.Gm o [ _
6 14-50 -1 -1q QA.29 9, o o
17 ' 50 L-1-1% Q.5 9g 4.2\ .2\
18 12 S0 -1 -18 Q.o “Ia 4.\ -
19 crant | @ 50 -9 -9 b Wt 21 g P} — -
20 4 A4
Zero Drift = (Mean Zero Drift® ONA + CI (Zero) pwa ] + [Span] x 100 = Dw A .
Calibration Drift = [Mean Span Drift* _.os + CI (Span) _-©c3 ] # [Span] x 100 = _.L5%;.

*Absolute Value.

Data Sheet 6017-33

40CFR60/App. B

3/26/79 (Rev. 1)
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P2CT-STOS-TTHAX

MONITOR PERFORMANCE TEST DATA SHEET

0 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 B.50 ©-5-19 o.o = aoco _o —

2 10:.50 lo-509 5 Pom 5 800 o -5

3 12:50 b-5.19 L Pewn \ a8 -2 -3

4 14:50 L-5-19 \o PP 4 aeo - 18 22

5 \ 150 -5-19 o PP -4 210 ~10 -

6 18-50 L-5-19 o.0 - 810 o o

7 ©:50 -9 o.0 o Qoo — —

8 10.50 L--1\9 \oPP™M \o Qoo o —\0
9 12°.80 b--19 \ O PPV [o) Qoo o o

10 14-S0 Q-9 \O PPy o _ Qoo o o

u \o: 50 b-l-19 \S 2P S _ Qoo o -5

12 18.50 ©-6-19| o.0 =15 Qoo o 4.5

13 & 50 o-"1-19 o.0 =) Go0 o =

14 10" So (e-11-19 o -0 o Qoo o o)

15 12°.50 L-1-19 4 PPt 4 Qoo o — 4
16 14250 ©-1-19 0.0 o_ Qoo _o o
17 1”50 -1-19]  o.0 o Qoo o o
18 \8° 50 e-1nal oo o aio o Lo
19 2" So b--19 0.0 —_— ooo —_— S
20

Zero Drift = [Mean Zero Drift* _2,.%77 + CI (Zexo) 2.292 ) % [Span] x 100 = :5W°7 .

Calibration Drift = [Mean Span Drift* _5.33 + CI (Span) . ] + [Span] x 100 = BN .

*Absolute Value.

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

MONITOR PERFORMANCE TEST DATA

NO, 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)
- 850 1p-5-19 0:Q - Q4.0 (234) —
2 1650 p-5-1\9 D_vemm + 5 oo (24¢0) * + )
3 1250 p-519 \ - 4 Q4 o (224) - (o -2z
4 14° 50 -5.-19 S x4 08.0 (24%) r 1) ¥ M
s \o S0 -S \q 1) + lp woo (280) | 45 -
6 1860 L-5-19 \0 -) aq.0 (248) ] -—2 -]
Torart | B850 la-G-\q o - Q4.6 (224) — —
8 \Q 80 a- -1\4 =) + 2 1.0 (243) | + 9 + )
9 \2°SO - G-19 \S x+ ) O (za8)| + S -2
10 14" S0 L-L-19| 20 + S Ao (248) o -5
11 o 50 o-(-1\a ) W | - = 100.06 (250) x 2 S
12 1880 la- -4 \2 -5 ane (242) | -7 -2
13 B S0 la-1\-19 () - Q4.0 (234) - -
M \0' S0 b-m-1\q 2.5 2.5 Q4.0 (234) - -2.%
15 1250 o--1\9 2.5 o a1.0_(za3) A B8 8 -
166  |ia:s0 ©-1-19 \2 9.5 laao (raey]| 4= -4.5
17 \p' S50 w-1-1\9 10 -2 Q8o (285D -5 -1
18 \B S0 -11-19 10 o @o (248) o Q
19 SYIARY 850 QL--19 o b Qa g (2m4) -— =
20 10150 - 8- 2 +2 a0 (z234) o pll

Zero Drift = [Mean Zero Drift* 3 5¢ + CI (Zero) |.438 1 + [Span] x 100 = \Qq °7, .
Calibration Drift = [Mean Span Drift*

*Abgolute Value.

2.50: + CI (Sspan) |,\9 ] ¥ [Span) x 100 = |. 497, .

Data Sheet 6017-33
40CFR60/App. B
3/26/79 (Rev. 1)
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pZZI~STO9-TTHAN

NO

MONITOR PERFORMANCE TEST DATA SHEET
2ERO AND CALIBRATION DRIFT (2 HOUR)

Data
Set
No.

Time

Begin

~ End

Date

Zerxro
Reading

Zerxro
Drift
(AZero)

Span
Reading

Drift -
(Aspan)

Calibration
Drift
{Span-zZero)

\2° %0

lo-8-19

2. PP

(=)

a4 o {(z2234)

(@)

1480

Z

A 4.0 (224)

[0 lo

1A

—— e ——

Zero Drift = [Mean Zero Drift®

Calibration Drift = [Mean Span Drift*

*Absolute Value,

+ CI (Zero) . \ ] ¥ [Span) x 100 =

+ CI (Span)

] + [Span] x 100 =

Data Sheet 6017-33
40CFR60/App. B
3/26/79 (Rev. 1)
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VZZT-STO9-TT8AX

MONITOR PERFORMANCE TEST DATA SHEET

Co ZERO AND CALIBRATION DRIFT (2 HOUR)
Data Zero Span Calibration
Set L Time Zerxo Drift Span Drift Drift
No. Begin | End Date Reading (AZexo) Reading (Aspan) (Span-2Zero)
! erpax 8'50 Lo-5-19 o = \1.8 %0 - -
2 \o 50 -5.19 o - 11.8%0 o o
3 \2.80 p-%.1q o - \1.8% o o
4 .50 :5-79 o - V.00 -2 -2
S e %0 L-%-119 o - \ 1. %70 o o
6 \8°'So (-5-19 o - \1.9% +.2 .z
7 exnay | ®'s0 g-lo-\Q o - \1.8%% o o
8 . \0'E0 b-lg-1\g o — \1.®% (=} o
9 12°850 lo-to-1Q o - 1.8 o o
10 \4'S6 G-(-\S o - 11870 o o
11 \o' 50 g-lg-19 o - \ .89, o o
12 1850 (o-lo 1S o _ \1.9% o) o
13 orppr| ©'50 p-1-19 o - | 1.9%7. - _
4 10:s0 -1 -1q o ~ \1).8% o o
15 \2: 50 b-1-11% o - \1.8%7, o o
16 14:50 L-1-19 o - \7.8 “o o o
17 R b-1-19 o - 1.8 o o
18 '@ 80 L-1-19 _o - 1817, | a.a 4
19 svpex | B850 (L-8-1\9 o - \1.@% - -
20
Zexro Drift = ([Mean Zero Driftt (=) + CI (Zero) o ] + [Span] x 100 = o
Calibration Drift = [Mean Span Drift* .0 % + CI (Spgn) A4 ] + [span) x 100 = 0.Q9%, .

*Absolute Value.

Data Sheet 6017-33
40CFR60/App. B
3/26/79 (Rev. 1)
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MONITOR PERFORMANCE TEST DATA SHEET

CALIBRATION ERROR DETERMINATION

Calibration Gas Mixture Data

Mid (50%Y) 5.0°%.Ppm

RHigh (90%) §.21%prm

Calibration Gas Measurement System

Dif ferencesj,' Fpm

Run # Concentration, ppm Reading, ppm

1 o s o

2 5.0 7% S . 1%74 N

3 (o) L Q

4 9.21% Q.2.1% L

5 8. 0°7 S8 .8

6 Q.27 4.2.1°70 D

7 5.0, 5182 AR

0 [ o ()

’ q.271%% 9.21°7, Do

10 ) o o

u 5.0 °TIn 5.\ %7q -

12 9.2 1%7, Q.21 %7 -1

13 o o -
14 Q.2.1%%% .21 °% .0l
15 5.0 ©7a 5.1\8 “7a AR

Mid High

Mean difference A3 _-0
Confidence interval 4 .05 + O

Mean I):I.t'ferel'u:e2 + C.X.
Average Calibration Gas Concentration

Calibration error =

1¢:a|:l.i.l'.~ral:ic.m gas concentration - measurement system reading

zJ\bsolute value

x100 4.00% OLS?

40CTR60/ApPP. B
L/

KVB11-6015-1224




KVB

MONITOR PERFORMANCE TEST DATA SHEET

CALIBRATION ERROR DETERMINATION

Calibration Gas Mixture Data

Mid (50v) \o°% ppn Righ (90%) 9.@% pom
#
Calibration Gas Measurement System 1
Run # Concentration, ppm Reading, ppm Differences, ppm
1 o o [ ]
2 16" q,.8°7, .2
2 o o o
4 \T.8% \ 1.8 o
5 \&%% ].9°%0 .|
s 1 1.8% \L.8% _o
7 10: 0 9,8 2
8 o o o
9 \1.8% \1.8%70 o
10 o _o_ S
1 10.0% Q.87 -2
12 11.8% 17.8%, o
13 o O o
‘14 \7.2% 1\ 1.2% o
15 \0.09, Q.6%70 -
Mid High
Mean difference o (]
Confidence interval +.07 + o0
cattoration exror = g Mot tlersner’ L0l a0 234 0

1't:ah‘.b:rat:i.on gas concentration - ‘measurement system reading

z&bsolute value

4DCFR60/ADPD. B
a 171771
KVBl11-6015-1224



MONITOR PERFORMANCE TEST DATA SHEET

KVB

CALIBRATION ERROR DETERMINATION

NO
- Calibration Gas Mixture Data
Mid (50%) \po ppm High (90%) 2324 pom
Calibration Gas Measurement System 1
Run Concentration, ppm Reading, ppm Differences, ppm
1 o e =
2 12.0 120 o
3 o o S
4 234 224 o
5 120 9.8 5
6 234 234 (=
7 \20 e .5 L5
8 o o ]
2 224 2324 o
10 o =
3 \20 RLRS =
12 234 234 o
13 o o )
14 234 222 o
15 A\ O Al =)
Mid High
Mean difference 050 =)
Confidence interval 0 o

Mean Differencez + C.I.

. 3
Average Calibration Gas Concentration LOS * o

x 100

Calibration error =

ICali.bration gas concentration - measurement system reading

2al.bso].ute value

92 40CFRS0/ApPP. B
7/1/71

KVB11-6015-1224
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PIRYOLMANCE smmc:moa J—PIxrorMiNCE
SPICY 3 'D SFLCIFICATION TRAT PRO-

cxoUss yoR MONTIORs OF B8O awp NOa

FEOM STATIONALT BOURCES

1. Principls and Applleabliity.

1.1 Prineiple. The concentrstion of sulfur
dioxide or oxides of mitrogen poliutants tn
stack emissions {8 measured by a continue
ously operating emimion messurement sys-
taem. Copcurrent with operation of the con-
tinuocus monjworicg system. the pollutant
concentratiors are 1lso measured with refer-
once metbods (Appendiz A). An sversge of
the continuous monitoring system data 1o
computed for sach reference method testing
period and compared to determine the rela-
tive sccuracy of the continuous monitoring
system. Other testa of the continuous mon-
itoring system are also performed to deter-
mine cslibration error, drift, and response
characteristics of the system.

132 Applicablility. This performance spece
tfication 1s applicadle to evalustion of con-
tinuous monitoring systems for measurement
of mitrogen oxides or sulfur dioxide pollu-
tants. These specifications eontain test pro-
cedures, installation requirements, and dats
computation procedures for evaluating the
acceptabllity of the contisuous monitoring
systams.

2. Apparatus.

2.1 Callbration Gas Mirtures. Mixtures of
known concentrations of poliutsant gaa in o
dluent gas shall be prepared. The pollutant
gas ahall de rulfur dicxide or the appropriste
oxide(s) of nitrogen specified DY pATAgTARD
6 and withiz subparts. For sulfur dioxide gas
mixtures, the dlluent gas may de atr of aitro-
gen. For nitric oxide (NKO) gus mixtures, the
diluent gas aball be cxygen-free {<10 ppm)
nitrogen, and for nitrogen dioxide (NO,) gas
miztures the dilyent gas shall be air. Conoen-
trations of approximately 50 percent and 90
percent of span are required. The 90 percent
gus mixturs {s used to set and to check the
span sud Is referred to as the span gas. . .

22 Zero Oar. A gas certified by the manu.
facturer tc contain leas than 1 ppm of the
pollutant gas or ambdient sir may be used.

33 Equipment for messurement of the pole
futant gas concentration using the reference
method specified in the applicable standard.

2.4 Data Recorder. Analog chart recorder
or other suitable device with input voltage
range compsatible with analiyrer system out-
put. The resclution of the recorder’s data
output shall be ruficient to allow completion
ofﬁun test procedures within this specifi-
eation.

3.5 Continucus monitoring systam for 80,
or NO. pollutants as applicsble.

8. Definitions.

8.1 Continuous Monitoring System. The
total equipment required for the detarming-
tion of & poliutant gas concentration fn @
source effuent. Continuous monitoring Fra-
tems consirt of major subsyrtems as follows:

3.1.1 Sampling Interface That portion of
4D eXtractive continuons monitoring System
that performa one oF more of the following

94
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operations: Acquisition, trensportation, and
conditioning of a sample of the source eQu-
a0t or that portion of & in-aity continuous
wmonitering system that protects the analyzer
fromm the euent.

8.12 Ansiyzer. That portion of the con-
tinuous monitoring systers whbich senses the
pollutant gas add generates a signal output
that is a fupction of the pollutant eoncen-
tration.

3.1 Data Recorder. That portion of the
continuous mosnitoring system that provides
s permapent record of the output signal in
terms of concentration untts

33 Span. The value of pollutant eoneen-
tration at which the contiduous monitare
ing system 1s set to produce the maximum
data dlsplay output. The span shhll be eet
at the conceatration speciied 1o esch appli-
cable sudpart.

33 Accuracy (Relative). The degree of
correctness with which the continuows
moaitering system yields the walue of gus
concentration of s sample relative to the
value given by & defined reference method.
This sccuracy is erpressed In terms of error.
which 4 the difference detween the palred
concentration imessurements expressed o3 8
percentage of the mean reference value.

3 4 Calibration Ervor. The aifference de-
tween the pollutant concentration Indi-
ecated by the codtinuous mozuitoring system
and the kpown conocsntration of the test
ges mixture.

2.5 Zero Drift. The change tn the continu-
ous monitoring system cutput over & stated
period of time of Dormal continuoul opera~
tion when the pollutant concentration at
the time for the measurements (s zero

38 Calibration Drift, The change in the
eontinuous monitoring system output over
@ stated time period pof normal coottinuous
operations when the pollutant concentre-
tion at the time of the measurements Is the
same known upscale value.

8.7 Reaponse Time. The time interval

from » step change {n pollutant concentrs-

tion at ths Input to the continucus moni-
toring system to the time 2t which 08 per-
eent ¢of the corresponding fina) value s
reached as displayed o2 the ocontinuows

_ monitoring system data Tecorder, .

8.8 Operational Period. A minimum period
of time over which s measurement systam
fs expected to operste within certain per-
formance specifications without unsched-
uled maintsnance, repair, or sdjustment.

3.9 Btratification. A condition identified
Dy » difference I sxcess of 10 percent be-
tween the average concentration in the duct
or stack and the concentration at any polnt
more than 1.0 meter from the duct or stack
wall.

4. Installation Gpecifications. Pollutant
eontinuous monitoring systems (80, and
NO,) shall be installed at & sampling loca-
tion where measurements can be made which
are directly representative (4.]1), or which
ean be corrected 80 as 10 be representative
{6.3) of the total emissions from the aSected

KVB11-6015-1224
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facility. Conformance with this requirement
shall be sccomplished as follows:

41 EMuedt gases may be sasumed 10 be
nopstratified i a sampling locstion eight or
more stack dlameters (equivalent lameters)
downstream of any alr In-leaksge i se-
lected This assumption and dats correction
procedures under paragrspbh 4.2.1 may not
be applied 1o sampling locstions upstream
of san sir preheater (o a Gteam geRerating
facility under Sudpart D of this part. For
sampling locations where effluent gases are
either demonatrated (4.3) or may be aa-
sumed to bt nonstratified (eight dlameters),
s potnt (extractive systems) or psth (in-situ
systems) of average concentration may be
monitored.

432 For sampling locationa where eSuent
gures cannot be sssumed to Be bonatiatie
fied {lees thad eight dismeters) or have deen
shown under paragraph 4.3 to e stratified,
results obtsined moust be consistently repre-
sentative (0g. 8 point of average cobcentra~
tinn may shift with Joad changes} or the
data generaied by sampling at a point (ex-
tractive gystems) Or across & path (la-situ
a7itama) muat be corrected (431 and (232)
50 a8 IO be representative of the total emis-
sions from the affected faclifty. Conform-
ance with this requirement may be sccom-
pllshed In either df the following ways:

43.1 Instaliation of & diluent continuous
monitoring system (O, or CO, as epplicabls)
in sccordance with the procedures under
paragraph 432 of Performance Specification
3 of this appendiz. 1f the poliutant and
dluent monitoring systema are not of the

App.8

same type (botb ertractive or both tn-sity),
the extractive sysiem must use A multipoint
probe,

4232 Toatallation aof ertmactive pollutant
mouniloring spstems using multipoipt sam-
pling prodes of 12-situ pollutant monitoring
systems that saraple or view emiszions which
are conslatently representative of the total
emissions for the entire cross section The
Adminlstrator may requlire édata to be sud.
mitted to demonstrate that the emissions
sampled or viewed are consistently repre.
seotative for several typical facllity process
operating conditions. .

43 The owner or operator may perform s
traverse to characterize any stratiScstion of
efluent gases that might exist in a stack or
duct. If o stratiBcation i present, ssmpling
procedures under parsgreph 4.1 may be ap-
plied pven though the eight diameter criteTia
is Dot met.

44 When sloglo polnt sampling prodes for
oxtractive systems are instafled within the
stack or duct under parsgraphs 4.1 and 42.1,
the sample may not be extracted at any polnt
jess than 10 meter from the rtack or duet
wall. Multipoiat sampling prodes fnstatlsd
under paragraph 422 may be located at any
polnts necemsary to ocblafn consiatently rep-
vesentative samples.

8. Qoptinuous Monitoring !& Per-

D cifications

The contloucus WoIIAring system shall
meet the performancs specifications ia Table
9-1 to be considered acesptabdle under thiy
muthod.

Tantz 2-1.—Performance specifications

Poamern Specificnzion
). Acvareey ) €30 pet af the Wean valne of the reference method test
1Y

2. Calibration arvor b sa.ru of sach (30 pet. 90 pet) mlibration o mictwre
aloe.

& Zero drth (2 M) 2 pet of -

CZemarth 4 1) 1 e .

&, Calibration drifi 2 b))} Do.

6 Calbredon drify (34 b) ? - 2.5 pet. of span

.R time, 15 mip masimum, ~

6. Operstiocal period 163 h minitaum.

1 Ezprened sl sum of sbsoluts mesn value plus 63 pet acnfidencel atarval of o serim of Wasts.

8. Performance Specifcstion Test Prooe-
dures. The following test procedures shall be
used to determine conformance with the
requirements of paragraph 8. Tor NOe« an-
alyzers that oxidize pitrit oxide (NO) to
altrogen dioxide (NO,). the reaponse tims
tast under paragraph 6.3 of Lhis method sball
be performed using nitric oxida (NO) span
gua. Other tests for NO. contibuous monitor-
tng systems under paragraphs 8. and 02 snd
all tests for sulfur dioxide systems ahall be
performed using the pollutant span gas spe-
clfied by each subpart.

81 Calidrstion Error Teit Procedurs. Set
up and calibrate the completa continucus
monitortng syitem according to the manu-
facturers written lastructions This may be
sccomplished efther in the lsbarstory or in

* the Geld. .

‘8.1.1 Calidration Oas Analyses. Triplicate
soalyses of the gus mixtures aball be per-
formed within two weeks prior to use using
Reference Methods 8 tor BO, and 7 for NO.
Analyze each ealibrstion gas mirture (80%,
§0%) s24 record ths results en the e2ample
sheet ahown 10 Pigum 3-1. Each sampla tant
result must be within 20 percent of the aver-
sged result or the tevts aball be repested.
This stap may be omitted for non-extractive
monitors whers dynamic calidration gas mix-
tures are not used (0.13).

012 Calidbration Error Test Procsdure.
Make 8 total of 13 nonconsecutive pneasure-
ments by siternstely using eero gas and each
calibratiop gas m)Xture conceptration (ef.
0%, 80%, 0%. 90%, 60%. 00%, 80%, O,

.). Por-aesertrrctivr TUNTunvns-enenitar-

thg Aymema, this Lest-proceduss.map. D Dar.
Emed-b I ung S o-ar-Jnose Lalibration Fas

KVBl1-6015-1224
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cells whose copcentrations are certified by
the manufacturer to be functionally equiva-
lent W0 these gas concentrastions Convert the
contibuous mopitoring system output read.
togs to ppm and record the results on the
ezample sheet shown 1o Figure 2-2,

63 Pleld Test for Accurscy (Relative),
Zero Drift, and Calidbration Drift. Install and
operate the contiouous monitoriag system in
sccordance witd the masufacturer’s written
instructions and drawings as folows:

62.1 Conditioning Period. Offset the zero
setting at least 10 percent of the span s0
that Degative zero drift can be quantified.
Operate the systex for an (nitial 188-hour
econditioning perfod 1o Dormal operating
manner.

623 Operationsal Test Period Operate the
ocontinuous moaitoring system for an addi-
tional 168-hour period retaining the zero
offset. The system shall monitor the source
effuent at al! times except when being
u;o;g. lcu:bntod. or backpurged.

For continuous monitoring systems exploy-
ing extractive sampling, the probe tip for the
continuous monitoring system and the probe
tip for the Reference Method sampling train
should be placed at adjacent locations in the
duct. For NO, continuows monitoring sys-
tems, make 37 NO, concentration measure=
ments. divided into nine sets, using the ap-
plicable reference method. No mors than one
set of tests, consisting of three {ndividual
measurements, shall be performed in any
ope bour. All individual measurements of
esch set sball be performed concurrently,
. Or within a three-minute interval and the
results aversged. For 80, continuous moai-
toring systems, make sine 50, copcentration
measuremeris using the applicadle reference
method. No zmore than one Imeasurement
shall be performed in any one hour. Record
the reference method test data and the con-
tinuous monitoring system concentrations
;:‘ the example data sheet shown in Figure

€322 Pield Test for Zero Drift and Call-
bration Drift. For extractive systems, deter-
mine the values given by 2270 and span gus
pollutant concentrations at two-bour inter-
vals untl 15 seta of data are obtainad. Per

-n (] ze
b

valus.may be-de

producing a-gero-condition—that-pronides-e

%&nmm:wnurmm
- glsctronIcTircuntry.ineluding. the

padiation squrca.and-detector—amembly-ar

pells and computing the zero point from-the
upscala—messurements. If-tirig-igtter-tach.
Riqus 15 used. s graph (s)-must.be-retained
by-the owner or-operstorfor each mearures
“ment system that ahows the relationaktp bew—
twesen-the -upecale “meas@Ements—and We
garo point. ITne span of -the system shall de
shecksd by _using a_callbraticn gas cell-eer
tified_hy_ths manufecturer—4o-be function-
ally equivalent 40-50 percent of span conoen-
JAration. Becord the Eero and span measwioe

Title 40——Profection of Environment

ments (or the computed zero drift) on the
ezample data sbeet shown In Figure 3-4.
The two-bour periods over which measure-
ments are conducted need nol be consecutive
but may not overlap. All messurements re-
quired uader this paragrsph may be cod-
Gucted concwrent with tests under parn.
graph 633.1.

6323 Adjustmenta. Zero and n!lbr:ggn
corrections and ad ed onl
E_ -Bour_iptervals or at such shorter in.

rvals as the

manufscturer’s written in-
structions speclfy. Automatic corrections
made by the measurement system without
operator intervention o7 initistion are allow-
able at any time During the entire 168-hour
operational test period, record on the &x-
ample sheet shown in Figure 3-5 the values
given Dy zero and span gus poliutant con-
centrations before and after adjustment at
2¢-hour intervals.

63 Field Test for Response Time.

63.1 Beope of Test. Use the entire contiou-
ous monitoring system as jnstalled, 1ocluding
sample transport lines I 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), etc., sball be at the nominal
values for pormal operation as specified 10
the manufacturer’s written {sstructions. If
the snalyzer is used o sample more than one
pollutant source (stack), repeat this test for
each sampling point.

6.82 Response Time Test-Procedure. In-
troduce garo gas into the continuous mmonl-
toring system sampling interface or as close
to the sampling interface as possidle. When
the system output reading bas stabilized.
switeh quickly to & Xnown concentration of
pollutant gas. Record the time from concene
tration switching to 88 percent of Anal stadle
response. Por nop-extractive monitors, the
highest available ealibration gas concentra.
tion shall be switched into snd out of the
sample path and response times recorded
Perform this test sequepce three (3) Simes

[3-1] e fesults of each test on the
ezample sheet shown in Pligure 3-8.

h‘l. Calculations, Dats Analysis and Report-

8

74 Procedure for Getermination of mean
values ang confidence intarvals.

: 7.1.1 The mean value of a data eet b
calculated sccording $o equation 3-1.

& - ' ' ‘1 n
T e :
. ** '3%=l | Egquation 2-1
where: - -
= lute value of the measurementa,

. T=sum of the {ncividual values,
. s=mean valus.and
D=number of data points.
. 713 The 03 percent confidence intervel
(two-sided) ls calculated according to equs-
ton 2-2: .

C.! .

vo(Zzt)—(Lx)?
Equation 2-2

tan

nyn—1
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where:
I x,=sum of all data points,
‘.“.’tl-',zl “d
C.1.u=95 percent confidence interval
estimate of the average mean
value.

Valuea for 4975

The walues In Gh.h table are alrsady cor-
rected for n-] degrees of freedom. Use o
equal to the pumber of samples as data
poiots.

732 Data Analysis and Re

7a.1 Accurscy (Relstive). For nch of the
nins reference method test pointa, determine
the average polutaat concentration reported
by the continuous monitoring system. These
average concentrations shall be determined
from the continuous moaitoring system data -
recorded under 7122 by integrating or aver-
agiog the pollutant concentrations over each
of the time (ntervals concurrent with each
reference method testing period. Befors pro-
ceeding to the Dext step, determine the basis
(wet or @ry) of the contlnuous monitoring
system dsta apd reference method test data
concentrations. If the bases are not con-
eistant, apply s moisture correction to either
reference method concentraticns or the con-
tiouous monitoring system concenirstions
as appropriste. Determine the correction
factor by mofsture tests concurrent with the
reference method testing pericds. Report the
molsture test method and the correction pro-
cadure employed. Por each of the nine test
rns determine the difference for each test
run by subdtracting the respective reference
method test concentrations (use average of
sach set of three measurements for KOs)
from the continucus monitoring system inte-
grated or aversged concentrstions. Using
theso data, compute the mean differsnce and
the 85 percent confidence interval of the dif.
hnnul (equations 3-1 and 3-3). Accuracy

is reported as the sum of Lhe absolute value
of the mean diferencs and the 95 percent
ecnfidence interval of the differences ex-

d a3 & percentage of the meap refers
sDce method value. Usa the siample abest

own in FPigure 3-3.

733 Callbration Drror. Dsing the data
from paragraph 6.1, subtrsct the measured
poliutant concentration dstermined under
paragraph 6.1.1 (Figure 2-1) from the value
shown DY the continuous menitoring system
for each ©f the five readings at esch eon-
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centration measured under 8.13 (Pigure 3-2).
Calculate the meap of these diference values
and the 05 percent confidence intervals ac-
cording to equations 2-1 snd 2-2. Report the
calibration error (the sum of the absolute
value of the mean differencs and the 05 per-
cent confidencs interval) as a percentage of
each respective calibration gas concentra-
tion. Use example sbeet shown In Pigure 3-2.

723 Zero Drift (2-bour). Using the zero
concentration wvalues measured esch two
hours during the feld test, calculate the dif-
ferences between consecutive two-bour pead-
10gs expressed in ppm Calculate the mean
@ifference and the confidence interval using
equstions 2-] and 2-2 Report the zero drist
a3 the sum of the adsolute mean value and
the coafidence interval as & percentage of
span. Use example abeet shown In Pigure
3-4.

724 Zero Drift (24-hour). Using the gero
concentration wvalues measured gvery a4
bours during the Seld test, calculate the Alf-
ferences between the zero point after eero
sdjustment and the gero value 34 houre later
Just prior to zero adjustment. Calculate the
mean value of these points and the conf-
dence interval using equsticns 3-f and 3-32.

the zero drift (the sum of the abso-
lute mean and confidence Interval) aa & pere
centage of span. Use example thaet shown {n
Fgure 3-8,

735 Calibmation Drift (9-hour). Using
the calibration values obtained at two-hour
intervals during the field test, calculate the
differences between consecutive two-bour
readings axpressed as ppm. These values
sbould be corrected for the corresponding
gero drift during that two-hour period. Cal-
cuiste the mesn and confidence interval of
these corrected difference values using equa-~
tions 2-1 and 2-2. Do not use the diferences
between non-consecutive readings. Report
the calibration drift as the surm of the abso-
lute mean and confidence interval as s per-
centage of span. Use example sheet sbown in
tn Mgure 3-4.

74.6 Caltdbrstion Drift (24-bour). Using
the ealibration walues measured every 34
bours guring the Seld test, calculate the dif-
ferences detween the calidration concentra-
tion reading after zero and calibration ad-
fustment, and the calibration concentration
reading 3¢ hours later after zaro sdjustment
but before calidration sdjustment. Caleulate
the mean value of thess differences and the
conSidence intarval using eqQuations 3-] and
$8-32. Report the calidration drift (the sum of
the absolute mean and confidence interval)
a8 & percentage of span. Use the example
theet shown In Pigure 3-5.

73.7 Response Tume. Using the charta
from paragraph 63, calculsts the time inter-
val from concentrstion switching to 95 per-
cant to the fina) stadle value for all apscale
and downscale tests. Report ths mean of the
three upscale test times and the mean of ths
three downscals test times. Ths two aver-
age times ahould not differ by more than 18
percent of the alowar time. Raport the slowar
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tims as the system response time Use the oz
ample sheet shown in Figure 2-8.

728 Operational Test Period. During the
168-bour performance and operational test
period, the continuous monitoring system
shall not require any corrective matntenance,
repalr, replacement, of adjustment other than
that clearly specified ss required tn the op-
eration snd maintenance manuals as routine
and expected during & one-week period. If
the contipuous monitoring system operates
within the specified performance parameters
and does Dot require corrective malotenance,
22pair, replacement Or adjustment other than
88 specified above during the 188-hour test
period, the operational period will be success-
fully concluded. Fallure of the continuous
monjtoring system o meet this requirement
shall eall for a repetition of the 168-boyr test
period. Portions of the test which were satla-
factorily completed Deed Dot be repeated.
Pallure to meet any performance specificae
tions shall call for a repetition of the one-
week performance test period and that pore
tion of the testing which ia related to the
fa’led specification All maintenance and ad-
justmenta required sdall bs recorded. Out-
put readings shall de recorded defoze and
after all adjustments.

8. References.

8.1 “Monitoring Instrumentation for the
Measurement of Sulfur Dicxide in Stationary
Bource Emissions,” Environmental Protection
Ageacy, Research Trlangle Patk, N.Q. Pob-
ruary 1873.
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83 “Ipstrumentation for the Determina.
tion of Nitrogen Oxides Content of Btation-
ary Gource Emissions.” Environmental Pro-
tection Agency. Research Triangle Park, N.C.
Volume 1, APTD-0B47, October 1971; Vol-
ume 3, APTD-00¢2, Japuary 1672,

83 “Experimental Statistics.,” Department
of Commerce, Handbook B1. 1963, pp 38-31.
paragraphs 3-3.14.

8¢ “Performance Specifications for Sta-
tionary-Source Monitoring Systems for Gases
and Visible Emissions,” Environmental Pro-
tection Agency, Research Triangle Park, NC.
EPA-850/2-7¢-013, January 107¢.
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Date dero Span Calfbration
and Zero Drift Readi{ng Drift
Time Reading (alero) (After zero acjustment) (aSpen) -

Tero Orift = {Maen Zero Drifte +C.1. (lm). e 3

4 [Instrument Span) x 100 » .
Calibration Drift = {Mean Span Drifte Gl {Span) . . )
) ¢ [Instrument Span) x 100 = - . :

* Absolute ‘value . ,

Figure 2-5. Zero and Calibratfon Drift (24-hour)
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Date of Test

Span Gas Concentration ppe
Analyzer Span Setting ________ pmm

‘Upseale 2

Dovmscals 2
3

Tdeviation from slower
system Bverage response

1 seconds
geconds
3 ______ seconds

Average upscale respome

Y seconds
seconds
secends
Averige downscale response

System aversge response time (slower time) o

sverage upscale minus average downscale | ° -
o 3Tower Cite ] 2008 .

seconds

seconds.

(,0,,4 U Figure 2-6.
W&‘M’—"ﬂm
specillications and gpeclication test prooe-

dures far monltors af 00, and O, from sta-
tionary sources.

1. Principle and Applicabfility.

11 Principle EfSuent gasses are eontizu-
ously sampled and sre analyzed for earbon
dioxide or oxygen Dy a continuous monitore
ing systemn. Testa of the aystem are performed
during s miaimum operating period to deter-
mine gero drift, calibration drift, and ge-
sponse time characteristics.

13 Applicadility. This performance speci
Scation i applicable to evaluation of con-
tinuous monitoring systems for measursment
of cardon disxzide or oxygen, These specifica-
tions contaln test procecures, instaliation re-
quirements, and data computation proce-
dures for svaluating the accoptadility of the
contlauous moaltortnz systems subject $0
approval by the Administratar. Sampling
may include sither extractive oF DOD-Extrac-
tive (in-situ) procedures.

2. Apparatus.

21 Contisuous Monitoring Bystem for
Carbon Dinxide or Ozxygen.

23 Calibration Gas Mixtures. Mizture of
known concentrations of earbon dioxide of
eIygen i mitrogen or alr. Midrange and 90
percent of span carbon doxide or oxygen
concentrations are required, The 90 percent
of span gas mizvure (s to be used $0 gat and
check the analyzer span and 15 referred to

Response Time

a8 span gas. For oxygen analyzars, if the
SpaAn {5 higher than 31 percent O, amblent
alr may be used In place of the SO perecsnt of
span calidration gas mixturs. Triplicate
apalyses of the gas mixture (ezcept amblesnt
alr) ahall De performed within two weeks
prior o use using Reference Method 3 of
thls part.

3.3 Zero Gas. A gas containing leas than 100
ppm of earbon dioxide or oxygen. .

2.6 Data Recorder. Analog chart recorder
or otber suitable device with input woltage
range compatible with analyrer systam out-
put. The resolution of the recorder’s data
outpus ahall de sufiicient to allow completion
0f the test procedures withio this specifica-
tion.

8. Definitions.

3.1 Conunuous Monitoring System. The
total equipment required for the determina-
tion of earbon dioxide or ozygen In a given
source efiuant. The aystem conalsts of three
major subsystems:

8.1 8ampling Interface. That portion of
the continuous monitoring system that per-
forms one or more of the fellowing opers-
tions: Delineation, acquisition, transporia-
tion, and conaditioning of & sample of the
source efuent or protection of the analyzer
from the hostlle aspects of the sample of
source environment.
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8.12 Analyzer. That portion of the ¢on-
tinuous monitoriog system which senses the
pollutant gas and geperates a aignal output
that is & function of Lbe pollutaat conoene
tration.

3.13 Data Recorder. That portion of the
continuous Monitoring symem that prorides
& permanent record of the output aigaal {n
terms of concentration uaits.

82 Span. The value of oxygen or carbon di-
oxide concentration at which the continuous
monitering aystem is set that produces the
mazimum dats displsy output. For the pur-
poses of this method, ths span Ahall be sat
00 less than 1.5 to 25 times the normal car-
bon dloxide or normal oxyged concestration
in the stack gas of the affectad factitty.

83 Midrange. The value 0f OXygen Or Car-
bon diozide concentration that Ls represetta-
tive of the normal conditions in the stack
gas of the affected facility at typical operate
ing rates.

84 Zero Drift. The change in the eontine
uous monitoring system output over s stated
period of time ©f normal continuous opera-
tion when the curbon dloxide Oor OXygen con-
centration at the time for the mearuremesnts
Is zero.

38 Calidbration Drift. The changs in the
continuoua monitoring sSystem output over a
stated time period of parmal continuous op-
sration when the carbos dioxide or orygen
aontinuous monitoring systam Is measuring
the concentration of span gas.

8.8 Operational Test Period. A minimur
perio€ of time cver which the continuous
monitoring eystem is expectad to operste
within certaln performancs specifications
without unscheduled maintenance, repalr, or
adjustment.

3.7 Response time. The tims interval fiom
& step change |n concentration at the input
to the continuous monitoring system to the
tirne at which $5 percent of the correspond-
ing Gnal value i3 displayed on the continucus
monitoring system data recordsr.

4. Installstion Specification.

Oxygen oF carbon diozide continuous mon-
itoring systems sball be installed at & loca-
tion where messurements are directly repre-
sentative of the total efuent from the
affected fartlity or representative of the same
efiuent sampled by s 80, or NQ, continucus
monitoring system. This requirement shall
Do complied with by use of applicabdle re-
quirements in Performance Specification § af
this appendiz as follows:

4.1 Installation of Oxygen or Carbom Di-
oxide Contiaunus Modltoring Sywmems Not
Used 10 Convert Poliutant Data. A sampling
location shall be selected Lo scoordance with
the procedures under paragraphs 421 or
423, or Parformance Bpecification 3 of this
appendix.

42 Installation of Oxygen or Carbom DH-
oxide Continuows Monitoring Syvtams Used
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to Convert Pollutant Coatinuous Monitoring
Bystem Data t0 Daits of Applicable Btand-
ards. The dluent continuous monitoring sys-
tem (oxygen or carbon dioxide) shall be in-
stalled at a sampling location where measure-
mepta that can be made are representative af
the effuent gases sampled BY the pollutant
coantinuous monttcring system(s). Conforme-
ancs with this requirement may be accom-
plisbed in any of the following ways:

43.1 The sampling location for the dlluent
system aball be near the sampling location for
the pollutant continuous monitoring system
such that the same spproximate polnt(s)
(eztractive systems) or psth (ln-situ sys-
toms) In the cyoss section is sampled or
viawed,

422 The dluent and pollutant continuous
mopitoring systexs may be lostalled at dif-
forent locations If the efliuent gases at both
sampling locations are nonstratified as deter=
mined under paragraphs 4.1 or 4.8, Perform-
ance Bpecification 3 of this appendix and
there Ls no ln-leakage occurring dbetween the
two sampling locations. 1f the efiuent gases
are stratified at eitber location, the proce-
dures under paragraph 432, Performanoce
Bpecification 2 of thls appendix shall bs used
for installing contibuous monitoring systams
&t that Jocation.

8. Continuous Monitering Bystem Perform-
anos Specifications.

The coatinucus menitoring eystem sball
meet the performance specifications in Table
3=1 to bs conaldered acceptabdle under thia
method.

8. Performuance Bpecification Test Prooce-

ures.

‘The following test procedures sball be used
to determine conformance with the require-
ments of paragraph 4. Due to the wide varia-
tion existing Lo analyzer designs and princie
ples of operation, thess procedures are not
applicable to all analyyers. Where this cocurs,
alteraative procedures, subject to ths ap-
proval of the Administrator, may be eme
ployed. Any such altaroative procedures must
fulfll the same purposes (verify responase.
€rift, and accurscy) as the following proce-
dures, and must elearly demonstrate eon-
formence with specifications in Table $-1.

6.1 Calibration Check. Extabliah & calitra-
tion curve for the continucus eonitoring
syatem using cero, midrange, and spas gon-
:x‘:gtlon g ;!ltun- Verify that the ro-

curve of analyrer reading compared
with the calidration gus walue i3 consistent
with the expected response curve ss described
b7 the apalyver manufacturer. If ths ex-
pected responss curve s not produced, addi.
tional calibration gus measurements ghall
be made, or sdditional steps undertaken to
veri{y the sccuracy of the responss curve of
the analyzer.

82 Field Test for Zero Drift ané Call-
bration Drift. Insxtall and operste ths coD-
tinuous moanitoring systsn {n scoordansce

KVB11-6015-1224
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with the mapufacturer’s written instructions
and drawings as follows:

Tanrz $-1.—Pevformance specifications

Poremder Specification

1. Zaro AriNL (2 D) 4....ccccaae 50-0 pet Os or COw
3, Zeto Arits (24 B) Voeeeoeee S08 pet Oy0r COs
8. Calibration anfs (20) V.. 204 pxi O
¢ Callbration dnifs (24 D) 1. 0.3 pet Os or COs
8. Operaticnal period mioimam .
6. Response time...ecececes

& Expressed as summ of absolote mean valus plos 85 pet
confidence Interval of & series of tasta.

02.1 Copditioning Period. Ofiset the gero
setting at least 10 percent of span so that
fegative zero drift may be quantified. Oper-
ate the continuous moOBItoring system for
an initia] 168-hour eonditioning period in &
normal operational manver.

623. Operational Test Period. Operate the
contipucus monitoring sysiem for an addi-
tional 368-hour period maintaining the gero
offiset. Tho systetn shall moanitor the source
efiuent at all times esxcept when being
geroed, calibrated, or backpurged.

€.2.3 Field Test for Zero Drift and Calibra-
tion Drift. Determine the valuss given by
zero and midrapge gas concentrations at two-
hour intervals until 15 sets of data are ob-
talned. For non-extractive continuous meni-
toring systems, determine the zero value
given by a mechanically produced gero £oD-
dition or by computing the zero value from
upscale measurements Using callbrated gas
cells certified by ths manufacturer. The mid-
rapge checks shall be performed by using
certified calibration gas cells functionally
squivaleat to less than 80 percent of epsn.
Record these readings on the esample sheet
shown in Figure 3-1. These two-hour periods
Beed not be consecutive but may Dot overlap.
In-gitu CO, or O, analyzers which cannot be
fitted with a calibration ges cell may be call-
brated Dy alternative procedures acceptable
o the Administrator. Zero and calibration
corrections and sdjustments are aliowed
only at 2¢-hour intervals or at such aborter
{ntervals as the manufacturer’s written in-
structions specify. Automatic corrections
made by the continuous monitoring system
without operator intsrvention or initiation
are allowadle at any time. During the en-
tire 168-hour test period, record the waluss
given Dy zero and span gas concentrations
before and after adjustment at 3¢-hour in-
tervals in the example abeot ahown in Pigure

63 Fleld Test for Rasponas Time.

63.1 Beope of Test.

This test shal! be accompliiabed using the
continuous monitoring system as insalled,
focluding sample transport lines if used.
Flow rates. line diameters, pumping rates,
pressures (do not alliow the pressurized eall-
bration gaz to change the normal eperating
pressure in the sample line), ete., aball de
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st the nominal values for norme! operstion
as specifed 1o the manufscturer’s written
fpstructions. 1f the analyzer §s used to sample
more than ope source (stack), thls test ghall
be repeated for each sampling poiat.

632 Response Time Test Procedure.

Iotroduce zero gas into the continuous
monitoring system sampling interface or as
close o the sampling interface as possible
When the system output reading bas stabl-
1ized, switch quickly to & known toncentra-
tion of gas at 90 percent of span Recorad the
time from concentration switching to BS
percent of final stadle response. After the
system response has stabllized at the upper
level, switch quickly to s zero gas. Record
the time from concentration switching to 05
perceat of fins]l stable response. Alterna-
tively, for popextractive continuous monitor-
ing systems. the highest available calibration
gas concentration sball be awitched into and
out of the sample path and response times
recorded. Perform this test sequence three
(3) times. For each test, record the resulta
on the data sheet shown in Figure $8-8S.
m'l. Calculations, Data Analysis, and Report-

g.

7.3 Procedure for determination of mean
values and confidence intervals.

7.1.1 The mean value of a data set is cal-
culated according to equation 8-1.

Xm- 1

Bi=1 ' Equation 3-1
whers:

2;=absolute value of the measurements,

T=sum of the individual values,

T=mean value, and

p=number of data pointa

73.1 The 95 percent copfidence interval
(two-sided) s calculated according to equa-

tion 8-2:
dn(f!l.)-(zlﬂ'

Clu= ten
Equation 3-2

ovo—1

where:

IX=sum of all data pointa,

H75=¢t —a/32 and

Cl,=0S percent confidence interval es-
timates of the avarage mean value.

Valuss for 2975
978
13. 708
4. 809
8.183
3. 718
8.8M1
- 9.447
8. 868
2.806
10 2,263
11 2.220
12 S 301
13 8.1

2380
16 i

COIaANNY
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The values in this table ure slready corrected
for n-] degrees of freedom. Use & equal to
the number of samples as data pointa.

72 Data Analysis and Reporting.

921 Zero Drift (2-bour). Using the gero
concentration vwalues measured each two
bours during the field test, calculate the dif-
ferences between the counsecutive two-hour
readings expressed 1o ppm. Calculate the
mesn difference sod the confidence interval
using equations 3-1 and 3-2 Record the sum
of the adsolute mesn value and the confi.
dence interval on the dats sheet shown in
Figure 3-1.

7423 Zero Drift (24-hour}. Using the gero
concentrstion values messured every 24
hours during the field test, calculate the &if-
ferences betwesn ihs z2ro point afier gero
agjustment and the gerc value 2¢ hours
fater fust prior t¢ zero sdjustment. Calculate
the mean value of these points and the con-
fidence interval using equations 3-1 and 3-3.
Record the zero drift (the sum of the ad.
soluts mean and confidence interval) on the
dsta sheet shown in Pigure $-2.

723 Calibration Drift (3-bour). Using the
calidbration values odtalned at two-hour in-
tarvals during the fi¢ld test, calculate the
differences Dplween codiscutive two-hour
readings expressed aa ppm. These values
sbould bBe corrected for the corresponding
sero drift during that two-bour pariod. Cal.
eulate the mean and confdence intarval of
thess correctad diference values USIng equae
tions 3=} and 3-3. Do not use the differences
between BDOn-coDseculive readings. Racord
the sum of the absolute mean and confl-
dence interval upop the datas sheet shown
In Mgure 3-1

72.¢ Calibration Drift (3¢-bour). Using the
calibration values measured every 34 boun
during the Seld test, calculate the differ-
snces between the calibtration concentration
resding after zero and calibration adjust-
ment and the calidration concentratiop read-
ing 3¢ Bours later after zero adjustment bul
before calibration adjustment. Calculate the
mean valus of thesa differences and the con-
fidence intarval using squations 3-1 and §-3.
Racord the sum 06f the absalute mean and
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confidence interval on the data ahest ahown
o Figure 3-2.

725 Operational Test Period. During the
168-hour performance and operational test
period, the continucus monitoring system
ahall oot recelve Any corrective maintenance,
tepalr. replacement. or sdjustment other
than that cleasly speciBed sa requlired (n the
manufactures’s writien operation and main-
tenancs manuals as routine and expected
guring & one-week period. If the continuous
mouitoring systam operates within the gpect-
Bed performance parameters and does not re-
quire corrective maintenance, repair, replace=
ment or sdjustment other than as specified
asbove during the 188-hour tast peridvd, the
operational period will be gucceasfully cod-
cluded. Pallure of the continuoua monitoring
system to meet this requirement shall call
for a repetition of the 168 hour test period.
Portions of the test which were satisfactorily
completed nead not be repeated. Pallure W0
meet any performance specifications ahall
call for a repetition of the one-week perform-
ance tast period and that portion of the test-
ing which s related to the falled mpecifica-
tion. All maintenance and sadjustments re-
Quired ahall be recorded. Qutput readings
sball be recorded before and after all ad-
Justments,

124 Response Tims. Using the data davel-
oped under paragraph 5.3, calculats the time
interval from concentration switching to 98
percent to the fnal stable values for all uwp-
scale and downacale tests. Report the mean of
the three upscale test times and the mean of
the three downscale tast times The two av-
orage times abould ot differ by more han
18 percent of the alower time. Report the
ower time a8 the systam response tims, Re-
eoTd the rerulta on Figure $-3.

8. Refsrences.

81 “Performuancs Bpectfications for Bta-
tionary Souree Menitoring Systema for Oases
and Visible Emissions,” Environmental Pro-
tection Agency, Research Tyiangls Park, N.C,
EPA-850/72-7¢-018, January 1974.

84 “Experimenta) Statisticn,” Departzment
0! Commerce, National Bureau of Btandards

Handbook 01, 1863, pp. $-81, paragraphs
314 ' PP
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e T Zero i teen ot e
ka. begls  End Cate Reacing (slere)  Runtting (asSpan) USpan<aZere)
1

2

]

[

]

]

7

[]

[

0

1

1

3

L]

s

T L D erT— © St o — T,

*Absoints Yalue.

Figurs 31, laro and Cat@rutfon Orifs (2 Meur).

106 KVBl1-6015-1224




Chapter I—Environmental Protection Agency App. B

ate lero Span Calibration
nd Iero Drift Reading Drift
e Reading {sZero) (After zero adjustment}  {sSpan)

Fm Drift « [Kesn Zero Drift® + C.1. (Zero) ]

Calibration Drift = [Mean Span Drifte « C.1. (Spen) )]

- .
——————

* shsotute value

Figure 3-2. Zero and Calibration Drift (2¢-hour)
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App. C
Date of Test
Span Gas Concentration ppe
Analyzer Span Setting ppm
Vo___ seconds
Upscale 2. seconds
3. seconds
Average upscale response seconds
1. seconds
Downscale 2. seconds
3. seconds
Average downscale response seconds
ystem averege response time (slower tide) seconds
&evatuy from slower , averace upscale mirus everace dewnscale . yoow
ystem average response slower time -
- -
figure 3-3. Response

[40 FR 48256, Oct. 6, 1875, €0 FR 50204, 88205, Dec. 22, 1975, a8 amended at 43 FR 8937,

Jan. 91, 1977]
Aoz O—DETERNDIATION OF EagoN Rate
CaanoB

3. Introduction.
11 Thbe h!ln‘::r

R&
metnod sball be used to defermioe

stmesphere. The method wiad is the Btodent's ¢ test,
eommonly used L zaake inferedces from emall mmplas,

2. Dais.

21 Each emirsion test shall consist of « rans (asually
three) which prodoes s emission retas Thm Lwo arts of
amierion rates are geoersted, ons defore and one after the

the Lwe et ha:l} of squal Mte.

.2 nﬁn‘ roapual amission tests, esoept
"ided 1n { 80.8(b) of this part, Lhe referente of
Appendiz A w01kl shall be used in szeordance with
1be procedures fied 1o ths applicatis subpart both
befors atd afwar the change to oblain the data.

2.3 When using eontinuous monitors, Lbe facility 4ball bs
cporsted o3 41 & menuid emniasion test wers being per-
formed Vaitd data using the svernging tims which would
be requi™d 1 » maousl emimiop tast ware belng D
@ shall bs mseq.

& Proesduse.
8.1 Bubacripts & and b dencte prechange and post.

cbange reapectivaly.
B2 Caleulate the anthmette mas emisgon rata, ¥, for
esch wt of data weing Equation L

108

I-i 8‘..8_‘..'-_5'——-——
i=]

« 8 +zl
n 1£8)

where:
ZywEmindon rate for the { th ran.
s=pamber of rany

$3 Calzzlats the mmple warisnce, 5, for ench set of
ésts agog Rqastion 2

3 (B2 ;_';,xa—(?;; z.)yn
&= n-1 - n—1 @

s._[(u.-q 82+ (n,—1) s.-]

Netny—2

ik
3)
2.3 Calenlita the test matistse, £, oaing Equation &
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AEANNERARA G AR AR R AR NP ORGP O AR RN SRR R A PR AN R AR ARV RAAGASRRAARNS RS AR PR ARy hNAAARARRS

L] 24 HOUR DATA e
e URY STACK Gag CUNCENTRATION A
[ 1] [ 2]
e ge coe co NG ca NG [} NG 1)
e LUAD VULZ YL Y PPMY PPHY PPMY PPmY NG/ J NG/J) 1
sx  DATE TIME mwTH  MEAS  MEAS  MEAS  MEAS 302 3202 e
‘...Q'Q‘Ql.tl‘t...'..’.‘i““iti.‘..'lQ..‘II‘Q“‘II‘ll.lll.‘....ll“‘ll‘.lil.I"l'll
*a o/ 1779 §5.4 bebd 11,3 28, 529, 35S, 062, 12, 389, aa
LLIN Y4 2’7“ lq.ﬂ B.3 1.0 2l. assS. 30, 644a, 11 378. LA
e &/ 3/79 10,8 9.0 »0 16, 392, 24, S88. 9. 3as5, e
N &/ 4779 34,7 8.5 o0 18, 389, 26, $%9. 9 3280 e
*e o/ 5/79 19,7 9,5 10,3 20, 309, 32. a8s, 1. 28§, L
*h o/ o/79 22.:6 Bl 10,4 21, 366, 30. Sla. 11, 302, w»
sn &7 T/79 29,4 LT ) 10,8 3. 583, 44, Sad. 16, 3240, e
“® 4/ B/79 30,3 8,1 10,5 28, a1¢. a0, ST2, 14, 336, L1
*h 47 9/79 19,9 B.a 1001 2%, 4006, 18, S81. 14, 341, b
' 5710779 18,4 A,6 1040 33, 396, 48, S7¢. 17, 338, e
"% §/11/79 18,6 8.5 10.3 34, 3188, 55, Sbte 20, 329, LA
*n 5712779 30,5 8,8 10,8 0, agb, 0s 602, 0. 53, L
we 5/13/779 23,3 9.0 1040 0, 397, Oe 599, Ce 382, L]
" 5710779 58,8 8.5 10.5 a9, ada, Tie bur. 2S. 376, bl
e $/15/19 12,3 9.2 10.2 8s, 324, 131, 495, a7, 291, m»
we 5716779 21.A 9.1 10e2 De o4, 0, 551, [ 1Y 323, b
e /17779 19.4 8.8 10,3 0, 356, 0. 526, U 3u9, L1
™" 6/18/79 21.7 8,8 10.3 0. 357. 0. 530. Ue 3, at
™ 5/19/79 20.7 8.9 10,0 35. 3548, 52. 532. 19, 312, (1
"t 6/20/79 18,9 9.0 10.0 33. 361, S0. Sadq. 18, 319, (1]
e /21779 31,7 8.8 10.7 21, a3i. 3. 537, 11. 374, LA
e 0122/19 ]8.5 R.5 lo,.S 35. 050. sl- 556, 18, 385. we
" $/23/79 2246 A.4 10406 3o, aa9, 52. LY 3RS 18, 377, e
"® 6/20/7% 20.3 8.0 10«2 34, 395. S0. 577 18. 339. LA
"R 6/25/79 23.1 9.0 10,2 36, 410, S4, 618, 19, 361, wr
L 6’26,7° 15.8 8.9 !0-3 37. 427, 55, 63q, 20 575. LA
e §/27/79 70.2 8.8 1043 1S, uze. 22, 620, 8. 364, ae
*® 5/28/79 2140 8.6 lo.s 25, a73. 37. bR6. 13, 403, i
*8 6/29/79 19.8 8.3 10.4 34, S04, 48, 728, 17. 427, Lh
we 8/30/79 19,2 B8R 10,2 LT asa, ad. 6a1, 16, LLT R L
e T/ /79 17.6 8.8 9.9 31, 455, wa, 671, 17. 155, LA
sx 7/ 2/7% 18,9 8.5 10.3 33, ade, 4t. 629, 17. 169, 1
ww T/ 379 37.2 8.3 10,6 19, a87, 28, 694q, 10, 4u?, TS
*e T/ 4/19 19.8 8.6 10.3 365, 424, 1, 418, 18, 163, ee
e 7/ 5/7‘ 20.7 8.8 10'! 1S. 416, ele S99, T» 352. LA
e T/ /79 2243 8.4 10,3 21, 385, 310. 550. 11, 323, a»
e ¥/ T/79 19.1 8.5 10,2 3S. 384, 50. 556, 18, 32e, "
s 7/ B/719 !7.7 8.7 9.9 a7, 35‘. 89, Sl“. 2S. 302- wh
e 7/ 9779 tR,4 8,4 10,3 80, 366, 115, S2b. at. 309, L
s 7710779 376 9.0 9,9 %2, 4s3. 139, &R1t, So. 400, e
" /31779 4S.8 T.R 11.2 715, 519, 102, 708, 37, ute, ne
*h T/12779 33.0 8,0 10,6 84, 407, 117, Sébe 42, 332, "

AR AL ARA R R R RN RN IR AR P Qg R R AN R AP AR N E NP AAREARRAARARAARR AR AN RO ARR AN R RANGANA AR O AN NS
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.....'....Q"..*i.....t...!.‘...ii....‘t'..l..'.........'...t..‘....'..."i.....t...

[ 1 HOURLY DATA [
“n DRY STACK GaS CONCENTRATION LA
a*n L 2 ]
" 02 cae cn NU co NO co NO LA
L] L0AD voLx vaLx PPMY PPMY PPMY PPMV NG/J NG/J 1}
L1 DATE TIME MwWTH MEAS MEAS MEAS MEAS LY {IF] 3x02 LA4
....‘....‘........'............'..'.....'..'...l....l..‘..'.....'t..-...".'...'...'
s 0/ 0779 ] o0 «0 .0 Q. Q. g, 0. O, 0, e
ae 0/ 0779 0 o0 «0 o O Oe (') O 0e 0. bl
as g/ 079 0 o0 .0 o0 0. 0, 0. O 0. ¢, LA
*e 0/ 0/79 0 o0 o0 ] 0, 0, 0, Oe 0. 0, L
an 0/ 0/79 (] 0 0 0 0a 0. 0. Qe Ge 0, LA
a% 0/ 0779 0 o0 o0 o0 0. ' 0. 0o Ceo 0, v
ay 0/ O/79 0 o0 o0 0 0, O, O 0o 0, 0, e
ax 0/ 0779 0 «0 o0 o0 0. 0. 0, [ 1Y 0o 09, e
"% 07 0/79 [} o0 o0 o0 0. 0. O O Qe 0, e
" 0/ 0/79 0 o0 o0 o0 O¢ Oe Q. [ L 0, "
*a 0/ 0/79 0 o0 ol o0 [\ 1% 0, [ 0. 0. 0, L
®e 0/ 0779 0 0 o0 0 0. 0, Q. 0. 0. 0. e
0/ 0779 0 o0 o0 o0 0, 0, 0. [ 0. 0, aw
e o’ 01?9 ° .o .0 .o 0. o. 0. 0- o. 0. L
ar 07 0/79 0 o0 o0 0 0, Q. [ 0. 0. L

o,
11,1} 28, 578, 37. T7T712. 13. as3, Lh
e &/ §/79 1700 56,3 6.7 11,3 31, 565, 39, 712, td. 418, w
e &/ 1779 1800 55.1 6.3 11.3 29, S3l. 3s, 651, 13, 382, LA
s b/ 1779 1900 85,1 6.3 11,3 30. Si8, 3o, 63s. 13. 373, 3
*e &7 /79 2000 52,7 6.3 11,2 3o, S1a, 37. 630, 13, 370, LA
*e 5/ 1/79 2100 50,4 6.4 11.2 0. 499, i7. 605, 13. 35S, LA
e &/ !I,’ 2200 sa.o 6.8 11.3 27- S23. 34, b46. 12, 379. e
me 8/ 1/79 2300 50,3 6.6 11,3 24, S23. 30. 655« 11, 384, L
we 8/ 1/79 2400 S5S.7 6.9 11.3 22, Si6, 28, 660, 10. 387, 'L
..l.'l't.'l.l'!ll..tli...ll'l"l.ll"l.."l!t.iﬂ*ill..!lttt.....lllln.tl‘.!i't'...l'

" b/ 1/79 1600 89,2 7.5
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ARARRRARN AN AR R RARA R AR RGP R A RN AN P AR R AAA R ARARS A C A AN R RN D RARNRARR AN AR RS aadighRtAitaRinny

(1] HWOURLY DATA e
e DRY STACK GAS CONCENTRATION T
e L 2]
T 02 coe cn NGO co ND co NO e
L4 LOAD YULX yoLx PPMY PPMY PPMY PPNV NG/J NG/J 'Y}
*w DATE TINE MWTH MEAS MEAS MEAS MEAS 3202 3%02 ')
FRRARR AR A AR R R A AR AN S AR R AN A NN AR AR AR R AR N NN AN AN ANAAR ANV G AR R ANA SRR ARt gARRRapARaNS
LA T4 2’7’ 100 3’.‘ 7.“ 11,0 Iqo 501. 25. 065, 9. 300. LA
e o/ 2/19 200 17,6 8.9 9,9 18, 428, 2l. b)18, 9, 383, e
*e §/ 2/79 300 1S.2 9.4 9,9 17, a17, 26, 650, 9, 381, L]
"e 8/ 2/79 400 15«2 9.5 o0 1S, a8, 23, 656, 8. 388, L34
ax &/ 2/79 500 15,8 9.6 o0 1S, ald. 24, 65S. 8, 3es, e
4/ 2779 600 15,8 2.6 0 13. @15, 2le 658, 8, 386, ¢
e &/ 2/79 T00 15,8 9.2 o0 13, 416, 19, 636, Te 173, . ¢
*e &/ 2779 800 16,4 8.9 o0 124 413, 18, 616 Te Jot, LA
te 8/ 2/719 900 16,4 91 o0 13, a3qQ, 20, 652. Te 363. *a
e 6/ 2/79 1000 15,8 9.2 «0 16, 443, a4, 678, 9, 398, L3
e 6/ 2/79 1100 15,8 9.4 0 1S, 454, 24, 707. 8. a15, L4
e &/ 2/79 1200 20.2 9.5 «0 22, a4as, 35, 699, 13, 411, La
*e 6/ 2/79 1300 15.2 9.1 o0 23, 455, 35, 6940, 12, 805, Lh
*a o/ 2/79 1400 4.4 8.2 «0 24, 461, 35, 6a%. 12, 381, »»
e 67 2/79 1500 14,1 0 15.3 19, 465, 16, 398, 8, 23a, LL
*e o/ /79 1600 14,6 8.1 «0 2S. Aae, 34, 024, 12. l6e, e
"% 8/ 2/79 1700 14,) Ted ] 27. 453, 36, 6p0. 13. is2, e
an &/ 2/79 1800 18,1 Telt o 27, ass. 16, 603, 13, 354, as
e &/ 2779 1990 14,y 7.0 o0 28, ase, 36, 590. 13, Jap, e
te o/ 2/79 T 2000 36.9 6.4 o0 28. S1q. 35, 630, 13, 370, we
LN Y4 2779 2100 S5,1 6.1 0 29. §97. 3S. 722« 12 a2q, e
®e 6/ 2/79 2200 35,2 6,5 1] 28, 534, 35, 664, 13. 390, L
e &7 2/79 2300 14,1 Te2 o0 2%, 453. 38, 5§92, 14, 347, LA
% 6/ /79 2800 14,1 7.4 o0 25. 437, 33. 5719, 12, 300, e

RN RANA NS RAARARR R AR RAR RN A ARG AAREANRORNANARKNEAANRNERANARSAARAPARNAARRASNGARARNRNEAARES
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AARBRRARRARNRAS ARG IR AR AR RN AR AAPARTARAARARENACRARANANARERARpat At endghRttRaftaRs

L HOURLY DATA (1]
ae ORY STACK GAS CONCENTRATION "
Ll L 1]
L L] 02 co2 co NO co NO co NO "
" LOAD voLX voLx PPMY PPHY PPMY PPHY NG/J . NG/) [ 1]
as  DATE TIME wMwWTH  MEAS  MEAS MEAS  MEAS 3302 3x02 b
.'.............‘...‘.“...‘..'..'..'.....'.....'......"..-.'.........'.....'.'....‘
e &/ 3/79 100 14,1 8,! o0 19, a1?,. 26, S8a. 9, 343, L
e o/ 3/79 200 14,1 8.0 «0 14, 413, 20, 801, Te !s!. L1 ]
% &/ 3/79 300 14,1 9.3 0 12» 405, 18, 624, Te 367, LA
an &/ 3779 300 14,1 10.3 o0 10, a0a, 17. 6824 b, 401, bkl
a6/ 3/79 S00 14,) 10.6 o0 10, 399, 17, 693, 'Y 407, *s
*e &7 3/79 600 14,1 10.6 0 8, 395, 14, 684, S, 403, *e
*e o/ 3/79 __.T00 _14,1 10.5 0 6, 396, 10, a8t. 4, 490, e
e &/ 3/79 800 14,1 10.5 o0 7, 393, 12. 676, a, 397, Ll
*e &/ 3/79 900 14,1 10,7 o0 6, 391, 11. 686. i, 403, e
*s o/ 3/79 1000 34,4 10.7 o0 7. 395, 12, 694, 4, @07, e
*a 6/ 3779 1100 106,47 9,9 o0 13, 412, 21, 6T0. 7e 393, e
an o/ 3/79 1200 18,8 9.1 0 13, 394, 19, $97. Te 354, Ll
an 6/ 3/79 1300 14,1 8.8 N 16, w03, 24, %9, 9, 350,  we
an 6/ 3779 T 1400 14.1 .14 o0 19, 300, 26, Se0. 9. 329, LA
ne o/ 3779 1500 4.1 Te? 0 22, q006, 30. 550, il 3?23, e
e &/ 3/79 1600 14,1} 7.3 o0 23, a15, 32, Sab. 12, 321. L4
re 6/ 3/79 1700 14,1 7.1 «0 26, 428, 13, 555, 12. 32e, e
ae &/ 3/79 1800 14,1 o0 0 g, Oe 0. 0. 0. 0, LA
*s &/ 3/79 1900 14,4 7.8 o0 26, 379, 3S. StA,. 13. Joa, e
*h &/ 3779 2000 14,1 7.7 o0 25 378, 34, S13. - 301, LAd
a8/ 3/79 2100 18,1 7.7 o0 25, 366, 34, 494, 12« an. LA
e 87 3/79 2200 14,1 8.0 o0 24, 354, 313, 492, 12 289, e
o 6/ 3/79 2300 14,1 8.3 o0 22, 343, 31. ag8s. 11 265, LA
&n o/ 3779 2800 14,1 8.7 ) 21, 334, 30, 491, 11, 288, LA

AR AR AR N AR AR AR AR A ARG AA RN E NN AR AR PN AN AR RN AR R R R RANANARANA R AR R NARRAG NN AR QA NORS
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.'..'l......l...'..."......l.l.i'.'...Q....'..ti'...........i....l......l'....i..g.

(1] HOURLY DATA e
1] DRY STACK GAS CONCENTRATIUN "
e [ X}
') {7} coe co L]V co NO cu NQ te
(1] L0AD voLg voLx PPMY PPny PPMY PPuyY NG/J NG/J LT ]
(1] OATE TIME MwTH MEAS MEAS MEAS MEAS 3X02 3202 e
..........'...'....'........'Q'.'.'.....‘...............'.....'...........I.‘.t....'
e® &/ A/79 100 14,3 8.8 o0 16, 323, a4, u7r8. % e8t, e
% 6/ 4/719 200 114,% 9.2 0 13, 298, 2l. ass, 7. 267, (1]
e 6/ 4/79 300 14,1 9.5 o0 [\ 1Y 318, 0. a9s§, 0. a9, e
et 6/ a/79 a00 14,1 9.9 0 10, 304, 16, 494, b 290, L1
*® 6/ 4/79 500 14,1 10.5 o0 9. 298, t6, 513, 6. Jui, L
*e &/ Q779 600 14,] 11.1 o0 Te 295, 13, 539, Se 3te6, bA)
"R &/ 4779 700 14,1 11.7 o0 8, 293, 1S, 570 Se 135, LL
s® 6/ @779 800 23.4 11.5 o0 8, 276, 15. S26, Se 309, bl
% o/ Q/79 900 a3,a 10.7 o0 [ 1Y 37S. 11, [ 119 a, 38s, L]
te &/ a/79 1000 Sa.S 10,06 «0 8, a11. 15. Tia. Se ale, L
*n &/ /79 1100 60,9 10.8 o0 9%, 455. 16, 807, O 474, e
o 6/ a/79 1200 60.4 10.5 o0 13, 402, 22. 1AL TS 8, ae7, e
*% 67 4/79 1300 60,48 8.9 ) 16, a?s, 24y  T08. 9, dle, ne
*w 6/ A/79 1800 40,4 6.4 N 18, 484, 22. 598, 8, 351, ae
&/ Q/79 1500 87,7 S.9 o0 21l. a’s, eS. Ses. 9. 3u9, LA
e &/ a/719 1600 S1,9 S.a o0 26, 476, 30. Sa9. 11l. 323, LA
' 6/ 4/79 1700 48,6 S.1 o0 27, 483, 31, Sa7. 11 321, e
wn 6/ Q779 1800 a3, 4.8 o0 28, a92, 3. 547, 1. 121, e
as &/ /79 1900 38,7 6.8 o0 29. uleo, 36, 5Sa. 13. 3es, e
e 6/ 8779 2000 35,7 6,5 ) 27, 449, 3a, 5s8. 12. 328, e
e &/ /79 2100 31.4 [ PY] o0 30. 432, 38. S33. 13. 313, L
e &/ /79 2200 20.“ Geb o0 30. Q07., 38, S09. 14, 299, e
e 6/ /79 2300 lqlo Te2 o0 27, 303, 3Se. 396, 13, 233, e
e 6/ /79 2400 15,2 8.2 0 22, 285, 31, 402. t1e 23e, e

AR AR R R R AR AN A R R R AR A AN AN SRR A AR A IR NP A AR NAR AR AR AN AR ARNR R AN AR R AR NN RO ONNQRRAR IO N ANE
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AAARRRNE AR AARRRANARAARANARARANASARRORARARANRARENANRNRAAARPRAQAAR AR PEARA R AN RANROatS

" HOURLY DATA e
" DRY STACK GAS CONCENTRATION L1
te ( 1]
'T) 02 coe cu NO co NO co NO L1
L1 L0AD voLx voLx PPMVY pPMY PPMYV PPMY NG/J NG/J e
L1 DATE TIME mWwTN MEAS MEAS MEAS MEAS 3x02 3x02 e
AARAARARRRNAARARARNENANR AR ANEARRNAR ARG ANARR QAR RAARARARARRRARARERARNQGARNRANRAAAQAANRARARRANS
*e 6/ S/719 100 118,48 8,8 o0 19, 266, 28, 394, 10, 231, L1
e 6/ S/7719 200 14,6 9.6 «0 1S, 253, 24, 400, 8o 23S, e
*a 6/ S/79 300 15,8 10,5 o0 i1, 28es, 19, azs, 7. 248, 1
=a 67 S/79 a00 15,2 11,2 o0 9, 291, 18, aas, ' 261, e
te 6/ S/79 S00 14,6 11.7 .0 9. 239, 17, den, 6, 273, e
aa 6/ S5/79 600 14,9 12,2 o0 8, 232, 17, ar?, 6, 280, e
ae 867 S/79 700 16,8 12,1 «0 8, 230, 17, ae8, 6, 275, ne
ae &/ S/79 800 16,4 11,9 o0 7. 229, 1a, aav, Se 262, L1
an 6/ S/79 900 16,4 10,8 «0 q8, 114, 8s, 202, 30. 119, LL

%8 6/ 5/79 1000 16,4
e 8/ S/79 1100 19,3
ae b6/ S/719 1200 22,6
*s 6/ 5779 _1300 23,4
*a 67 5/79 1400 20,8
*n 6/ 5/79 1500 22,3
*n 67 5/79 1600 28,1

: 10,1 as, 35S, 38, $29. 14, 311, e
8
8
8
8
8
ae &6/ S/79 1700 28,7 8
8
8
9
8
8
8
8
[ ]

9
9 °.° 0, 3770 l. 5620 0. 330' "o
6 10,5 27, 350, 39, S17, 14, 304, -
S 10,4 28, 352. 41, So08. 1S. 298, LL4
2 10,5 31, 348, 44, 491, 16, 208, e
5 10.2 32. 365. “7. 5270 l" 309' e
6 10,8 27, 389, 40, 567, 14, 333, e
7 10,4 22, 39, 12, Set. 11, 341, e
en 6/ S/79 1800 28,4 8
e 6/ S/T9 1900 28,1 8
ae &6/ S/79 2000 24,6 0
a8/ 5779 2100 20,5 q
*e 6/ S/79 2200 19,0 1
ss &6/ S5/79 2300 35,8 6
e 6/ S/79 2400 15,5 3
[ ]

AARNRAARARNAAANRACARARARNQRAR

10,2 20, 389, 3o, S7e6. 11, 338, e
10,1 19, 507, 29, 750, 10, a4o, '
90’ zzl oo 3"- [ Y IZ. o. bl
10,8 as, 0. 33, 0. 12, 0. LA
10,7 a4, 0, 34, 0. 12, 0. *e
10,1 23, 0, 33, 0. 12. 0. e
10,4 2s, 0, 3e, 0. 13. 0, e

RARNARRAAR AR ARAARAARRARARCANRARARAARAARACRNAGARRRNQAAARNS
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EARR RN AR AR AR AR P RN AN ERR NN EARARANARN R AN AR SARSARAAARSRA RS ARRA AR AR AR RSRaROAAReRagdd

e 8/ 6779 2000 38,9

[ )

7

7

7 11,2 29, a1S, 39, 564, 14, 333, oee
a6/ 8/79 2100 20,5 8

8

]

8

*

10,3 29, 374, 2. S40. 15. 317, e
10,2 30, 365, a4, S31., {6, 312, L1
1061 29, 358. 43, 52S. 15. 308, e
10.2 29, 352. a3, S17. 1S, 303, e
EAAARNARRAARARARARAR R R RARAAAANRANARRARNRRARRARNQRNARRAQRAQGRS

an 87 8779 2200 15.S
o 8/ 6779 2300 15.2
o 4/ 6779 2300 15.2
ARAERABANRNRAANARNTARARENANER

" HOURLY DATA a*n
an DRY STACK GAS CONCENTRATION s
[ 1] [ £ ]
(1] 02 cae o] NO co NO co NO e
e LOAD VYOLX vOLX PPMY  PPNY  PPMY  PPMY  NG/J NG/J  #e
sn  OATE TIME MWTH MEAS MEAS MEAS  MEAS 3202 3202 e
.l.l.l!ll..t.l'l!..."..tlti!lttttl.t.ltit."tt.!iitit.lntti'ln.t'l..t.....lt..l'.li
on 6/ 6/79 100 15,8 8.1 10,06 2S. 0. 36. 04 13, 0, e
a6/ 8779 200 15,8 B.2 10,5 22, 0. 3. Qe Ll 0, w»
g/ &/79 Jo0o 5.8 8,2 10,5 1S. [ 21, 0. a, o, LA
" 8/ /79 400 16,0 8.2 10,5 16, 0. 22 0. 8. 0, aw
«r 6/ &/79 500 16,1 8,3 10,3 a, 0. [ Y9 [\ 1Y 20 Q, e
o b/ 6779 600 16,1 8,3 ID.S 0. 0. 0. O O o, LA
w6/ 6779 _ 700 16,0 8.2 10.5 3. 0. 4, 0o e 0, o
x5/ /19 800 16,7 8.0 10,6 be 0, 9, 0s 3. 0, ¢
te &/ 6779 900 16,7 7.5 10,1 O 370, O a9y, 0o 290, e
e &/ 6779 1000 16,8 8.1 10,6 33, 348, a7, 486, 17, 285, e
e 67 6479 1100 16,1 8.5 10,2 33. 370, a7. 535, 17, 514, Ll
%0 o/ 87719 1200 16,1 8.5 10.2 3S. 370, S1. Sa3. 18, 319, e
6/ 6/79 1300 16,4 8.4 10,3 37. 37a, S3. S36. 19, 315, e
" &/ /79 14800 19,9 8.4 10,4 37, 365, S3, S23. 19, 3U7, =
&8 6/ /79 1500 26,4 8,6 10.2 36, 380, S2e. SS3. 19, 32s, .w
e &/ 6779 1600 39,6 0 0 0. O Oe Oe De 0, e
an 6/ /79 1700 a7,.S «7 10,7 3. 318, 4., avs. 2. 280, e
% 6/ 6/79 1800 a7l,S o 10,7 8., 265, 1. 378. 8, 222, ar
an &/ /79 1900 a7,2 .S 11,0 2. 378, 3. S0Se. ) IS 297, e

8

S

Iy

7

7

»
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[ 1] HOURLY DATA 'Y}
e DRY STACK GAS CONCENTRATION *e
[ 1] [ X ]
11 02 cge co NO cu NO cu NG e
L1 LOAD voLY voLx pPPMY PPMY PPNV PPMV NG/J NG/ J e
(1] DATE TIME MWTH MEAS MEAS MEAS MEAS 3102 3x02 L1

..'.........-."'....tl...l.i.l.'l'..'...'.l'..t'...t."......'..."'......tt....tt‘

e &/ 7779 100 18,2 8.7 10,1 28, 3a9, a1, $13. 15. 3o, L3

ax 6/ 7/79 200 1S.2 8.5 10,3 28, 34y, a1, a92. 1S. 289, LA
' &/ 1779 300 15.2 8.6 10.2 2%. 3a9. 43, 49S. 1S, 290, e
se 6/ 17719 a00 15,5 8.4 10,4 28, 342, a1, 490, 15, 288, e
" 6/ 7779 s00 15,2 8,5 10,3 28, 347, 40, Sote. 14, 294, L]
se 6/ 1779 600 1S.2 8.5 10,4 29, s42, a2, 493, 1S. 290, e
s &/ 77719 700 1S,.S 8.4 10,4 31, 337, as, 383, 16, 284, LL]
sn 6/ /79 800 16,1 8.6 10,3 28, 3a8, ay, Soé6. 1S. 2°7, e
e 8/ 1779 900 15,8 8 10,2 28, 3a9, ay, S12. 15. 3o1, b

" 6/ 7779 1000 o0
en &/ 7779 1100 o0
ae 6/ 7779 1200 «0
e o/ T/79 1300 17,9

L]
L] .o o. o. o. o. o. o. L
L]
.
a® 6/ 7/79 " 1300 20.8 8.
L]

.0 0. 0. 0. Qe Qo 0. LA
o0 0. 0. Oe 0o 0o 0. e
10.5 29, 369, 43, Sa6e 1Se 321, L1
10.6 34, 361, S0. 522 18, 300, *e
11.3 28, 404, 18, Saa. {4, 319, e
11.7 32. 354, 42. 69, 15 27, *w

7
0
0
0
8
S
e 6/ 7/79 1500 39,6 6
L]
: 11.5 31, 371, 43, S07. 1S. 298, LA
?
0
0
e
8
7
*

% &/ 1/79 1600 49,2
an 6/ 7719 1700 49,2
ar &/ T/79 1800 49,2
e &/ /79 1900 a9%,2
a® &/ 7/79 " 2000 48,6
an 6/ 7779 2100 48,3
an 6/ T/79 2200 48,3
oe &/ 7/79 2300 36,9
a6/ T/79 2400 17,9
SRR LANRRAQNARRARAARAQRRRQRAR

11,5 32. 390, a4, 533. 16, 313, e
11,6 33. 409, 4s, §58., 16. 326, LA

o0 0. 0, 0. O 0, U, LA
11,3 3S, Sta, a8, T13. 17. 419, L)
11.2 34, 509, a8, 718 17, w1, LA
10,6 3, 466, S0, 689, 16, a05, LA
‘007 36. qa13, Se, 506, 20, 356, LA
L ] ....."'....".......-...................".."'...'I.

»PODB®® NN
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ARRAARRRRS AR R AR AR RN AR ARG EREARR RN RANRAARARIAAAARRARRARRACAAC AN OANAANR AN AR AR OR b apn e

*n HOURLY DATA ae
e DRY STACK GAS CONCENTRATION ae
(1] e
L) 02 coe co NO co NO co NG e
L1 LOAD VOLY VOLE PPMY  PPMY  PPMY  PPMY  NG/J NG/J  ww
*e  DATE TIME MWIN  MEAS MEAS MEAS MEAS 3202 3102 "e

.'ﬁ..i..'..i..t.!ll.i.'g'.lti....t.t.tt'tit.Q....Qttﬁttﬂﬁttﬁtﬁi'ltlii.'....*...l...!
we 6/ 8779 100 7,9 8.6 10.7 18, a3, 5S. 601 20, 153, e
en &/ 8/79 200 17,9 8,7 10,7 38, a1, §S. 604. 20, 354, e
an &/ B/79 300 17,9 8.6 10.7 39, a09, S6., S9s. 20, 350, 1
an &/ 8779 00 38,2 8.6 10,7 Q0. a10. 59. SQ7. 21, 350, e
a6/ 8/79 s00 17.06 8.0 10.6 at. q13. 60, 601 22 353. e
s &/ 8779 600 17.9 8,7 10.6 a2, 411, o1, 603, 22, 354, e
" o/ 8779 700 19,6 8,8 10,8 a3, a12, 6l. 590. 22, 347, ee
se o/ 8779 800 29,9 8,9 10.5 a0, a12. 60, 615, 21. 361, ¢
0

ae 6/ 8779 900 45,4 . o0 0, O 0, Do Oe 0, LA
e &/ 8779 1000 49,2 o0 10,2 3. a98. 3. 427. 1e 2so, LA
an o/ 8/79 1100 a9,2 7.0 10.3 3. 504, Se 649, e 381, LA
ae &/ 8/79 1200 49,2 7.0 10,4 3. aia. a4, S3te Se 312, LA
an &/ 8779 1300 48,6 7.0 10,4 a, 373, S, a80. Qe 282, e
*x 6/ 8/79 1800 48,3 6.6 10,5 4, 385, S. 482. 2. 2R3, we
*e 4/ 8779 1500 a8,3 6.7 10.4 4, aie, Se 519, 2. 30§, LA
*e 6/ B/79 1600 18,3 6.8 10.4 Q, 431, Se. Sa7e. - 321, e

*e 6/ 8/79 1700 48,3 Te

10.3 Se a4, o, 573. 2e 337, LA
e &/ 8/79 1800 29,3

1

8.6 10,4 a4, 2el, 64, 3as. 23. 191, at
*e 6/ 8/79 1900 6.1 8.9 9,9 aa, a0, b6, 508. 24, 3s1, L]
«a &/ 8779 2000 17,6 8.4 10.6 ua, 404, 63, $78, 23. 339, "
an o/ 8779 2100 18,5 8.7 1063 [ .18 q23, 62, 621 22 365, e
an o/ 8/79 2200 18,5 8.4 10,5 a3, at1l. 61, S$92. 22 347, L
sw 6/ 8/79 2300 18,5 8.6 10,3 a2. ati. b1, 599, 22 352, e
*e 6/ 8/79 2400 18,2 8.6 1043 a3, 410, 62. S596. 22, 350, b
NN RN RRAARANR AR RO RN AN A CANRANAR R AARAARARARARARARANANARRAARRERENRRaRARNRQRNARRS

KVB11-6015-1224
118



ARRARRARRR R AR AR RARA LR RAR AR R R AR AR AR R RN AARN AN NN R AR R RN AR R R ARRRARAARCAR S QRRRNRARRARS

[ 1] HOURLY DATA T
[ 1] DRY STACK GAS CONCENTRATION e
[ 1] 'R
L1 02 co2 co NO co NO co NO e
L1 LOAD voLg voL% PPMY PPMY PPMY PPMV NG/J NGZ2J T
' DATE TIME MWTH MEAS MEAS MEAS MEAS 3202 3x02 e

ARNEARARN SR ARR AN R AR RARA AR AR ARARRARARNARNRAARERRARARAANR AR R AN ARNN QG RARARA RSO RRARAQRRQGRN
"N 6/ 979 100 18,8 10,4 a2, ale. 61, Ses. 22, 349, LA
e 8/ 9/79 200 18,5 10,5 a1, q02. s9,. S76. 21, 338, ot
*® 6/ 9/79 300 18,5 10.2 at, a08, 61, $94, 22. 351, L L]
e o/ 9/79 a00 18,8 10,2 a2. 40g. LT-29 Sa9, 22. 34, e
e &/ 9779 S00 18,5 10,3 a1, 398, 60, $79. 224 340, LA
N 6/ 97719 600 18,5 10,3 as. ao2. 60, SB0. 21, 341, LA
a8 &/ 9779 700 18,8 10,48 a2, 394, 60, 565 21, 332, bl
an o/ /79 800 18,8 10.5 a2, 397, 60, $68. 2% 333, e

an 6/ 9779 900 18,8 10,4 Te 0. 10, [ 3, 0, e
em &/ 9779 1000 21.4 10.2 4, alé. S» Sas. 2 ey, LA
a® 6/ 9779 1100 25,8 9,8 3, u43, a, 605, 1. 35S, bk
o/ 9779 1200 25,8 9,8 3. q38, a, sa9, 1e 346, bk
e &/ 9/1’.__l3°° FL ) 9,8 3. a39, a, S86. 2 3da, e
"% 6/ 9779 71800 22.6 9,8 3, 419, 4, Se8. 2 33a, LA
&/ /719 1500 20,2 9.7 27. 400, a0, 602, 14, 354, LA

ot &/ 9779 1600 19,6
w6/ 9779 1700 19,6
6/ 9/79 1800 19,9
a6/ 9779 1900 20,5
* 6/ 9779 2000 19,6
an &/ 9779 2100 17.3

10.2 30. 397, a3, S73. 1S, 337, LL]
10,0 29, a06, 42, S91. 1S, 347, e
1048 27, att. a0, $98. 14, 35¢, L1
10,2 27. 409, 39, S91. 14, 347, 1)
8 30. 389, as, S80. 16, 341, e
9,7 28, 394, 43, S87. 15, 345, LA
e &/ 9/79 2200 17,0 S 28, 380. az, 576, 15. 338, LA
*% &/ 9779 2300 17,9 10.0 27. 384, 39. Se3,. 14, 331, me
an &/ 9779 2400 18,2 o0 11,5 Oe 39S. 0 338, 0 199, LA
ARARNRA RN RN QAN RO RN RN ARG R AN RN R RN AN R RAR O R AR ARNARARERAREANRRRARPNERARRRARAANARNQARRERARRNQRS

[ XX ¥ K- N X K K R E B K E N N N N N N N N N
~Ne SOVICO VO~V ®EWOLENGvYNEWN
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ARBRRNRRREARRANANARAQRACE QR ANRERNARQONARNADARRARARRINRARARCRRRRARQAARNEPRRARNQARRRAQRRARNS

'S HOURLY DATA an
e DRY STACK GAS CONCENTRATION an
L1} [ 1]
i 02 co2 co NO co NQ co NO LD
" LOaD voLX VOLY  PPMV PPMY - PPMY PPMV NG/J NG/J e
ae  DATE TIME wMWTH MEAS MEAS  MEAS MEAS 3202 3202 .

AR AR R AR AR AN R R R AR R R R AR R AN O AR AR R A AR RA RN RS RN A AR N RRR NI IAN R QANAR G AN A AN
*t 0710779 100 18,2 8.7 10,2 26, 392. 19, S$7S. 1d, 337, e
*e 6/10/79 200 18,2 10.2 23, 389, 34, 571 i2e 335, LA
8 6/10779 300 17,9 10.2 ed, 386, 35, S66. 13, 333, LA
*e /10779 400 11.9 1043 rL 38S, 3S. 560 13. 329, L1 ]
se 6/10/79 500 18,2 10,0 224 379, 32, S66. 126 332, LA
*n 6/10/79 600 18,8 10.3 4, 376, 15, S48, 12¢ 32z, n
t* 6/10/79 . 700 19.0 10,5 25, 388, 37. S60. 13, 329, e
e 6710779 800 19,0 10,3 25. 393, 3b, S76. 13, 338, e
e 6/10/79 900 19,0 10,1 30. q03, a, 55S. 1S. 32¢, Ld]
an 6/10/79 1000 19,0 9.8 28, a0a, 19. S61. 14, 329, LL)
"% 6/10/79 1100 18,8 1041 30, 39S, 43, SB0. 160 340, an
** 6710779 1200 18,5 10,1 32, 397, a7, 582, 17, 342, ae
*n 0/10/79 1300 15.2 9,8 28, 408, 39, S62. 14, 330, LA
% 6/10/79 1800 10.2 9,8 0. a1S, O 567. Qe 3313, Lo
*® 6/10/79 1500 18,2 10,0 19, a0}, 28, SAa, 10, 3as, LA
R 6710779 1600 18,8 10.1 al,. 407, 60, §97. 2le. 3st, L
*% §/10/79 1700 18,5 10,1 a2. 408, 61, 598, 22, 3s1, L]
tw /10779 1800 18,5 9.9 Q2. 4106 62, 606. 22e 3Se, L 2]
** 6/10/79 1900 20,2 9.7 as, 387, 68, S82. 24, 342, LA
*% 6/10/779 ° 2000 17,9 9.9 aa, a0S, 65, 599, 23, 352, a»
e 6/10/79 2100 18,2 10,1 aa, a02,. 65, 590, 23 34de, L L
*e 6710779 2200 17.6 10.0 aa, 3%, 65, 586, 23, 344, e
"t 6710779 2300 17,6 9,9 a3, 392, 65, $9¢0. 23, Y4, LA
e /10779 2800 17,9 9.8 as, a3, 89, 57%. 25. 337, an
RN ARAN AR AR AR R RN AN R RN AR AR RAANRRNR NN LA AR AR SR AN AR RN R RN AR R QARRR AR AN AQARAR O AN OAS

COPYNROANYANYPONNOG ONVIFG OO wN

LK X X N-X- X X N B K N N-X- R N- X N N N N-X-J
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RARRRARARNRRA AN AR A A NA QAR R AR AR NAR AR AR AN A AN AR AR AR R AN RN AR AN ANNRAAAN AR QPR QARN ARG RRANS

e HOURLY DATA (13
e DRY STACK GAS CONCENTRATION "
[ 13 L 1]
L1 0e €02 co NO ca NOD co NO L]
. LOAD VOLXY VOLXY PPMV  PPMV  PPMVY  PPMVY NG/J NG/J  #n
=8 DATE TIME mMwWTH MEAS MEAS MEAS MEAS 3102 3302 "

AR AR R RN AR RN AR AR AR AR RN R RS AR AR R A AR AR NS AR R AR AR ARARRR A AR R AR AR R QR ANSRANRANS
“n §/11779 100 17,0 8,5 10,8 S50. 377, 72¢ SaS. 26, 320, LL

s 6/11/79 200 17,0 8.7 10.3 S50, 38a, 73. Se3. 26, 330, L1
o /11779 300 17,6 8.6 10,¢ a7, 38%, 70, S70. 2S. 338, LL]
e 6/11/79 200 17,8 8,6 10,3 S0. 38s, 2. 562. 26, 330, L1
*e 6711779 S00 17,9 8,5 10,0 so, 389, 72, Se2. 26, 330, ax
e 6/31/79 600 20,2 8.7 10,2 as, 390, 70, S?2. 2S. 336, nn
*x 6/11/79 700 _ 20,8 8,7 10,4 a8, 389, 70, 571, 25, 335, e
ae 6711779 800 3o0.S 8,7 10,3 a9, 38s, 12, SeS. 26, 3132, L1
e 6711779 900 20,8 8,3 10,5 14, 0, 20, ()18 Te 0, LA
an 6/11/79 1000 20,8 8,5 10,6 11, 388, 16, Se0, 6, 329, e
as b/11/779 1100 20,8 8,5 10,6 2s, 384, 3e, Sss, 13, 320, L L]
an 6/11779 1200 20.8 7.8 9,9 17, 3%, 23, Sat, 8, 318, "
&% 6/11/79 1300 20,5 8,2 10,7 o, 389, 0, Sag, 0, 322, =
an 6711779 1400 20,2 8.3 10,6 0, a0}, 0, S73, 0. 337, e
ee /11779 1500 16,4 8,7 10,2 0, a0e, 0, $90, Qe 3a7, e
e 6/11/79 1600 116,48 8.4 10,4 0, 392, 0, S61., 0. 330, L1
e 6/11/79 1700 16,4 8,5 10,3 0. 398, 0, S715, 0. 338, wn
an 6/11/79 1800 18,8 8,6 10.1 0, 387, 0. S63, 0. 331, L
e 6/11/79 1900 17,6 8,6 10,2 0, 39, 0, 569, 0, 33a, L1
an 6711779 772000 17,6 8,6 10,3 0, 39, 0, Ses8, 0. 334, LA
*e 6/11/779 2100 17,06 8,5 10,5 0, 38, 0, S$so0. O¢ 323, L1
an 6/11/79 2200 17,6 8,6 10,8 0, 379, 0. 552. [ 18 3Jau, (1]
an 6711779 2300 17,6 8,7 10,4 0, 3718, 0, 550, 0, a3, L2
sn 6713779 2400 17,3 8,6 10,3 0, 379, 0, 552, 0, 3eq, [ 1)
........."t....t.!.......Q..l.Q..l...t.t.QQ.Q".....'Q.!..!t........'..‘..i...t...i
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RERARRRRAAR AN DRRNARAORAARARARARNRARAARR AR ARRAARARRRARRAANEARARAQANANARNARS QR RBONQRRENY

" HOURLY DATA L1
*n DRY STACK GAS CONCENTRATION e
*e e
e 02 co2 co NO co NO . co NQ e
L L] LOAD voLx vOoLZ pPPMyY PPRV PPMY PPMY NG/J NG/J '
*a  DATE TIME mWTH  MEAS MEAS MEAS MEAS 3202 3%02 "
AREARAN R AR ARG AR ARG ARG PR LR A AR RNAR R AN RA AR RN R AR CRARARRANNRARNANANRANAARNRGAREARNANARRS
*e 6/12/79 100 22.3 9.0 10,0 0e 384, Oe ST17. 0e 339, "
ne 6/12/79 200 22,3 8.9 10,1 0o 382, 0. 570 Qe 335, e
*e §/12/79 300 34,0 8.9 10.1 Oe 381, 0. S68. Ge 333, L1
e 6/12/779 400 a7,.S 9,0 10.1 0 378, Oe S569. Oe 334, e
te §/12/779 S00 48,3 9.0 10.1 0. 377, 0. So7, Qe 333. L2
®e §/12/779 600 a8, 9,0 10.2 0. 370, Oe 557, Oe 327, L L)
*n 6/12/79 __ _700 a7,8 . 9,0 10,2 0. 380, 0., S72, O 335, #@
e 6712779 800 47,8 9,0 10,2 Oe 382. O $7S. O 338, e
o 6/712/79 90 a?7.8 8.9 0.2 0e 0. 0. 0. 0. 0, aw
e 6712779 1000 #8,.1 8.8 10,2 0. a0e, 0. 601, Oe 1S3, LA
*e §/12/79 1100 a7,8 8,8 10,8 Oe 402, O 595, O 3so, e
o /12779 1200 31,6 8,7 10.8 Oe a3i, 0e 632, Oe 7., e
Cee 6/12/79 1300 2042 _ 7.9 . 9.9 0. aa?r, 0. 615, 00 361, _ e
te 4/12/79 1800 16,2 8,7 Tel 0. 258, 0. 378, 0. 222, LA
o 6/12/79 1500 18,5 o0 10,5 Do 0, 0. (O 0. 0, Ll
s 6712779 1600 18,5 o0 11,1 Oe Qe Oe [ Oe 0, e
an 6/12/779 1700 18,5 o0 11.8 [ 1Y 0. Oe [ 1Y [ 1Y 0, Ll
e 6/12/79 1800 18,5 o0 11,3 Oe 0. 0. 0o 0o 0, e
e §/12/779 1900 8,5 o0 11.2 0. 0. Oe [ ) Oe 0. B
o 6/12779 7 2000 20.2 7.8 1l.1 0. Sii, 0. 698. 0, 4Q10, ae
e §/12/79 2100 21.4 7.8 1.2 O so7. Oe 693, Qo 407, dd
e §/12/79 2200 21.4 8,2 11.2 Oe q%0, O 693, Oe 406, e
" §/12/79 2300 22.3 8,9 11.0 Oe a53, [ 87S, O 39, LA
e 6/12/779 2600 22,3 10.0 10,8 0, @12, 0. 678, 0. 397, we

BARARRARR AR A AN R A RN RN ARG AN A AN R AR R RN SR A RNN R AN AN A AN RN AN R ARANAR G AR A AR A NN GR AR ARRANRR
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...".l..".....'l.......l't'.ll'.'....'.....l......'......lll..'............t......

(1] MQURLY DATA ne
[ 1] DRY STACK GAS CONCENTRATION L1
[ 1] L 1 ]
L1 0e coe co NO co NO co NQ L1
(1] LOAD vOoLs voLX PPNV PPNV PPMY PPMY NG/J NG/ZJ e
L1 DATE TIME MnTH MEAS MEAS MEAS MEAS 3x02 3x02 e
..'......'.............'...........'....'ﬁ................................'.......'.
M 6/13/79 100 19,9 %8 10,4 0. a0l ' 647, 04 380, LA
ot 6/13/79 200 20,8 9.7 10,4 0. 397, 0. 634, [ 372, L1
ot 6713779 300 21,1 9.7 10.4 Oe 368, Oe 619, Qe 304, e
te §/13/79 400 21,1 9.7 10.4 0. 189, O 622+ 0. 368, e
e /13779 500 21,1 9.7 10,8 0. 3es. 0o 61S. 0o 3o}, e
as 6713779 600 23.' 9.8 10.3 O 354, [\ 1Y S$71. 0 338, e
e /713779 i 700 27,5 9.8 10.5 0o 374, Oe 503, 0 354, LA
e 6/43/79 800 27,5 9.6 10,6 0. 373, 0 S9%. 0, 347, en
e 6/13/79 900 27.5 8,06 10,3 0e 3Joa, 0o S30. [ 1% 3, (L]
an 6/13/79 1000 27,5 8,9 10,0 Qe 0, 0. O [ ) 0, e
*e 6713779 1100 27.5 8.7 10.3 0o 39a, Qe 578. [ 1Y 339, L 3]
e 6/13/79 1200 27.5 8.4 11,0 [ 1Y aag, 0. 633. [ 1Y 371, LA
o 6/13/779 1300 a7,.5 8,5 11.0 O 436, O 629, Oe 369, e
e 6/13/797 714800 .zaob 8,5 10,7 O a4, Oe 818, [+ 1Y 373, LA
" 6/13/79 1500 22,0 8.6 10,8 0o a1, 0. bt3. 0, 360, e
&n 6/13/779 1600 22.0 8.6 10,9 O ae29, 0, 628, 0. 3ob, e
re /13779 1700 21,7 8.0 10,9 0o 430, Oe 625 [ Y 307, LA
re $/13/79 1800 21.7 8.6 10,8 O a0e, 0. 591. Oe a7, e
ot 6713779 1900 21.4 8.9 10,8 Qe 305. O as5S., O 267, L 2]
fe §/13/779 T 2000 21,8 8.8 10.7 O a1S, 0. 61S. 0, 361, e
e 6/13/79 2100 21.8 8.9 10,6 Qe 403, [ 1Y 601 (' 1Y 383, e
*e 6/13/79 2200 21,4 8,9 100 0. 399, 0. S96. 0. 350, "
et 6/13/79 2300 21,1 8.9 1046 0 393, 0. 587, 0. 345, L1
" 6/13/79 2400 20,2 8.9 10,5 0. 392, 0. Saa. Do 343, e

..I..".".."'...".'......t.....'.....iﬁ.l*"".'.....I'........!..Q.i.l...."ﬁ..'
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....'l‘.'i..........'....t..'itt'.....'........l.ti......Q.....Q.'..i.l..'l..!.i'...

' MOURLY DATA 'Y
e DRY STACK GAS CONCENTRATION '
N [ 1]
e 02 coe co NO co ND co LD} (1)
e LOAD VOLX VOLY PPMV PPNV PPNV PPMV  NG/J  NG/J . =
se  DATE TIME MNTH MEAS MEAS MEAS MEAS  3%02 3202 ™
....'..'.Q...Q.Q..Q..lt..tllt.t.ttitlltt'lll.l.t!tlil.tl'tﬁlll..ll!!"tl.tlt!"tt.t.
"R 6/14/79 100 19,9 8,9 10,5 0, 387, 0, S77. 0. 339, ., o=
" B/10/79 200 19,9 9.0 10,8 - 0. 389, 0. S8S. 0, 343, a»
an /718779 300 19,9 8.9 10.4 De 386, O 576 De 3300 e
n8 /14779 400 19,9 8.9 10.4 0o 384, 0e $7a. 0. 337, '
e §/14/79 500 20,2 8.9 10,48 0. 18s, 0s S7a. 0. 3137, e
*e 6/14/79 600 23,1 8.9 10,8 e 389, [ 581, O 34y, LA
" 6/14/79 700 25,8 8,9 10,5 0. 392, 0. 585, 0. 344, e
e 6/18/79 800 27.0 8.8 10.5 O a0s, 0. 800, 0. 352' e
*n 6/18779 900 27,0 8.6 9.6 O 820. 0. b1t Oe 359, L1
"% 6/14/79 1000 24,6 8.8 10.0 0. 340, 0s So03. 0. 295, e
en 6/14/79 1100 17.0 8.8 9.8 Oe 290, O 029, O 252, L1
e 6/18/79 1200 19,9 8,9 9,8 0. 32S. 0. G8S. 0. 285, Lh
"t 6718779 _ 1300 a7,8 7.8  _11,3 3 S06, a4, 691, | 9 406, _#*
*® §/14/79 1400 63,0 o0 o0 0. Ce 0o Ge 0. 0, L1
an 6/10/779 1500 62,7 8.5 10.3 0. 5§75, 0e 830, [\ ]9 487, e
*e /718779 1600 02,7 8,6 10,2 0 590, 0, 859, 0e 504, e
es §/14/79 1700 62,4 8.3 10,4 0s Sb0, 0, 79¢. Oe 467, e
*e 6/18/79 1800 82,7 7.5 10.7 46, 582, 62, 71717, 22. @Ss, e
%% 6/18/79 1900 2.4  T.1 11,1 43, S74, 56, 7as,. 20, 437, e
a0 6/18/79 2000 b2.8 7.3 1.2 aa, 549, 58, 723. 21, 425, e
e 6/1a/79 2100 o1,2 7.9 11,2 53. 527. 73. 726, 26, a2s, e
ae 6/14/79 2200 85.6 8.6 11.3 624 a8o, 9. 698, 32« qa10, LA
*% §/14/779 2300 40,8 8.6 11,3 69, aau, 100, 6a7t. 36. 380, e
"8 8/14/79 2600 21.7 9.4 10.1 73. 321. 113, S00e Q0. 293, e

AR AR R AR AR R AR AR NG R AR AR R AN AR AR AR AANANNAAN KRR AN AARARRR AR AAAARKARARRRANGORRRAAANRER
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.I...Iil“'tl....QQ.l'l...l...t...'..".t'..i....l...l.....i..‘.li'.!t".l."".QQQ‘

'TS HOURLY DATA e
13 ORY STACK GAS CONCENTRATION *e
e "k
(14 02 coz co NQ co NO co NO e
(1] LOAD  VOLX VOLY PPMV  PPMY PPMY PPMV NG/J NG/Z) 1
e DATE TIME MwTH MEAS MEAS ~ MEAS MEAS 3302 3x02 LA

l..'!.'il'.'lt..l.t.'.'.!l.l!.lt.tl.t't.tltltlt.ttt!l.tllt..ti.t.ttttl.t.t'aitacttti
*e 6715779 100 18,8 9.4 9.9 75. 217, 117, 431. g2, 253, e

ae §/15/79 200 15,8 9.2 10.1 7. 2T, 118, 444, 42, 243, (1]
"t §/15/79 300 15.8 9.5 9.8 83, 286, 130. 4qaa, ab, 263, ar
e §/15/79 a00 15.8 9.5 9.7 87. 209, 136, as4q. Q9, 267, e
*e /15779 S00 15,8 9.4 9,8 87, 292, 135, 45S. 48, 267, b
ae /15779 600 15,8 9.5 9.7 a9, 295, 139, ae3. S0, 272, L)
ae §/15779 . 700_ 16,8 9.3 9,9 90, 288, 13%, aasS. S0. 261, *h
e §/15/79 800 17,3 9.3 9,9 9. 291, 181, 449, 50, 264, e
s 6715779 900 18,80 9.2 10,1 92, 209, tdt. Gu2. 50, 259, e
*a 5715779 1000 19,0 9.0 9,9 0. 2%, 0. 436, 0. 256, h
ta 6/15/79 1100 19,3 9.2 10,2 0. 337, 0. S1S. 0. 3us, e
e 8/15/79 1200 19.0 9.1 10,4 0e 334, 0 So07. 0, 298, a»
ot /15779 __1300__‘900 8,9 10,6 O 338, Oe Soda. O 29, _ Lhd
% /15779 TT1800 T 19,3 9.0 10.5 0. las, 0. S20. 0, 305, a»
e 6715779 1500 lq.! 9.1 10,3 O 350. O« S31. Qe 332, i
nr /15779 1600 19,0 9.2 10,9 O 356, 0. Sas. G 3290, bkl
e $/15/79 1700 18,8 9,2 10,8 0. 358. [N Saa. [ 321, LA
' /15779 1800 18,8 9.2 10.3 0 Jo1., O« 552, [ 19 324, LA
ww §/18/779 1900 21,8 9,0 10,5 Oe 365, O 549, 0o 323, LA
s® 4/71S/7% © 2000 20,5 9.1 10,5 0. 3640, Oe Sas. 0o 321, " er
e 6715779 2100 8.8 9.1  10.4 0. 1353, 0. S3e. 0. 315, #n
a® &/1S/79 2200 18,8 9,2 10.5 0. 352. 0. 5319, 0, Jles, L1
s &/15/79 2300 18,8 9.2 10,5 Ce 352. O S38. O« 36, LA
aw §/1S/79 2400 38,5 9.1 10,8 O 3319, [ 1Y Sta. [ 302, LA

ARRARRARRARRARRARANRR R A AR ARR RN AR RANSANRARANAAARR AR ANAARRAR NN RN AR RRAONEARNRRRAAANRN
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AERRARRR RN AR AR RS R R AR AR AR AR AR PR AR AR R AN R RO R AR AR A RNRARRARA N RN R AAR AR RRRARQANPIRE QRO RN

" HOURLY DATA 'Y
e DRY STACK GAS CONCENTRAT]ON e
| 1] te
e 02 coe co NO cu NO co NO e
L1 LOAD VOLX  vOLX . PPMV PPMV  PPMV  PPMV  NG/J NG/J "
e DATE TIME wMwTM  MEAS MEAS MEAS MEAS 3202 3102 *e
'.Ilt!'.."'ltil.l!t'....tit"..tl.l.lt.ttt.t...'n...ttttt.i.ttt.tlttt.t...'i...t.tt
an §/16/79 100 18,8 9.3 10,3 0. 336, 0, S19. O¢ 305, s
*e §/716/779 200 18,8 9.3 10,3 0. 3at, 0, §526. O« 309, L1
*n 6/716/79 300 18,8 9.3 10,2 0, 339, 0, S24, 0. 308, L
aa 6/16/79 ag0 18,8 9.3 10,1 0. 340, 0, 52s. Oe 308, 1]
ae 6/16/79 Soo0 18,8 9,3 10,1 0, 334, 0, S1S. 0. Joe, e
*e 6/16/79 600 18,0 9,2 10,1 0, 326, 0, 499, 0. 293, LA
sa 6/16/79 700 19,6 9,2 10,1 0 346, 0, 529, 0, 310, LA
e §/16/79 800 22,6 9,2 10,2 0, 374, 0, Sr2. O 33, (1]
e 8/16/79 900 23,48 9.1 10,2 0, 37, 0, S70. 0, 335, LA
re 6/716/79 1000 23,4 9.1 10,2 0, 379, 0, S7a, 0. 337, L1
en 8/16/79 1100 20,5 9.2 10,2 0, 371, 0, Se6?, 0, 333, e
an 6/716/79 1200 17,6 9.4 10,0 0, 340, 0, S29, 0, 311, L]
e 6/16/79 1300 17,6 9.3 10,2 6, 345, 0, 532, 0, . 313, ¢
% 6/106/79 1400 17,6 9.3 10,¢ o0, 337, 0. Sa21, 0. 306, L1
en 6/716/79 1500 21,1 8.8 10,2 e, 3So, 0, S8, 0, 304, e
o 6/16/79 1600 29.3 8.8 10,48 0. 404, 0. S98, 0, 3St, e
" 6/16/79 1700 29,3 8,8 10,4 0, Q03, 0, $97., 0. 350, e
e 6/16/79 1800 29,3 8,9 10,3 0, 337, 0. S93, 0. 348, L
e 6/16/79 1900 26,1 8,9 10,3 0, 392, 0, Ses. 0e 34a,  e¢
e 6/16/79 2000 23,8 8,9 10,3 0. aoz, 0. 600, 0, 352, L
e 6/16/79 2100 23,4 8,6 10,5 0, 374, 0, Sqa, 0, 320, e
*e 6/16/79 2200 23.4 8,7 10,5 o, 392, 0, $75,. 0, 33a, ne
te 6/16/79 2300 23.4 6,8 10,8 o, 385, 0, S70, 0, 334, #»
®e 6/16/79 2400 19,3 a,8 10,3 0, 358, 0, S30. 0. 311, e
-l..l.ll'....l.llttﬁl...ttttl.....ll'lt..l!tli!.t.t"ttit..tt.'t!.lt...t‘l'.tt.'..il
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ANRR R R R AR AR RN AR AN A AR AR SRR R IR AN AR AR AR R AN N AR SRR RO RAARARR RN ARARAAPAARRERQANR O R QAR ONER

[ 1] HOURLY DATA 1]
L 1] DRY STACK GAS CONCENTRATION [ 1)
o . e
e 02 €02 co NO co NO co NO )
[ 1] LOAD voLY voLx PPNY PPNV PPMY PPMY NG/ZJ NG/ J (1)
L3 DATE TIME mntH MEAS MEAS MEAS MEAS 3x02 30 e
ARRAR AR RANRARRARANRASARNRASRARNR IR VA ARRRRAARORRRARNAAPARRARANAARARSGNRARRRAaRgRERtAgRendn
ee §/177719 _..100 18,8 8,9 10,3 0. 3ae, [ IS Si16. 0, 303, LL]
o /17779 200 18,8 8.9 103 De 334, 0. 498, O 293, e
e /17779 300 18,8 8,9 10.2 0. 330. 0. a92, O 289, e
o 6717779 300 18,8 8,9 10.2 0 335, Oa S00. O e9%a, "
e 6/1T/79 500 18,8 8,9 10.2 0. 330, 0e So1. 0. 294, L]
*"® /17779 600 18,8 8,9 10.2 0. 335. 0. S00. 0. 29%a, e
e O/1T/779 700 18,8 __ 8.9 10,2 0. 338, O S04, 0 ..296, _ ¢
ee 6/17/79 800 19,6 6.9 10.2 0. 3Jae. 0. S16. 0. 303, L
sr 6/17/779 900 19,9 9.0 10.1 0. Joo. 0. S§8t. Oe 323, Ll
o 6/11/79 1000 19,9 8,9 10e2 0, 362, O Sa0. [ 37, "
e 6/17779 1100 19,9 8,9 10.2 0. 3sa, 0. S34. 0. 314, "
e 6/17/779 1200 19,9 8,9 10e2 (' 1Y Joa, [+ 1Y Sa3. O 319, L2 ]
e 6717779 1300__190‘ 8.% 10,0 O 380, 0. S67. L0 333, o»
& 6/1T/7197 1800 19,9 8,8 10,3 O a00, 0. S83. 0, 3o, “n
" 6717779 1500 19.9 8,6 10.48 [ 1Y 381, [ 1Y SSa. 0o 32s, .
*R /17779 1800 19,9 8.0 10,8 0. 387, 0. 563, 0. 330, L
ta 6717719 1700 19,9 8,7 10.48 0. 382, Oe 561 0. 329, L]
" /17779 1800 22.6 8,5 10.5 0. 3o, 0. S21. Oe 306, b
*8 6/177719 1900 18,8 8,7 10,4 O 361, Oe S3o. O 3, LA
*a 671777972000 18,8 8.6 10.8 0. 351, 0 Stte 0o 300, T we
*n /7177179 2100 18,8 8.0 10,8 Qe 351, Qe Stie 0. 300, an
o /17779 2200 18,8 8.6 10,48 0e 351, Qe Stte Oe 300, LA
o 8/17/79 2300 19,0 8,7 10.8 [ 19 347, 0. S10. [1 19 299, L2 ]
*x §/17/779 2800 19,0 8.7 10.48 0. 348, 0. S11. 0 300, an
ANARRRR R RGN AR AR R AR AR R AR A ARE RN RS QAR AR R RN QAR R AR A AR AR RN ARARRARARRRRAARNRRAARARRARDGARAENS
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L 1] HOURLY DATA 1
e ORY STACK GAS CONCENTRATION ne
[ 1 ] [ ]
| 1] 02 co2 co NQ co NO cu NO "
L LOaD voLX vOoLX PPMY pPPmy PPMY PPMY NG/J NG/ J T3
L1 DATE TIME mMwTH MEAS MEAS MEAS MEAS 3X02 3x02 (T3
ERRERNR R AR AR RN AR R RARNRRQRAR AR RNRE R RN RRRAARRERRARERLRARRAARSQGARQARRRRARRRQRRANARARQRRSR
an 6716779 100 18,8 867 10,4 Oe 348, O Stle. Qe 300, e
an 6718779 200 18,8 8.7 10,8 0. 344, 0. So00. 0e 293, Lh)
ar 6/18/79 300 18,8 8.7 10,8 0 3as, [ 19 S10. Oe 299, L4
an 6/18/79 Q00 16,8 8,7 10.4 0. 3se. O Si6. Qe Jos, e
N 6718779 S00 18,8 8.7 10,4 0. 3sa. 0, 52%. 0e 3o8, e
ot 6/18779 600 18,8 8.7 108 Oe 353, O S18. Qe 304, 1 1]
an §/18/79 ___700 laoe 8,7 10,8 0. 355, O 521, O 30e, e
*n /18779 800 23,4 8.7 10.5 0o 38s, Oe S66. Qe 312, e
en §/18/719 900 25,2 8,7 10,6 ' 399, Oe S8S. 0 3aa, e
e 6/18/79 1000 26.4 8.7 10.5 0. 394, 0. S77. 0s 339, ae
e 6/18/79 1100 29,3 8,9 10,48 0. 382, 0 Se9. Oe 334, kel
o 6/18/779 1200 23,4 9.0 10,2 0. 372. Oe Seo0. 0. 329, e
o 6/18/779 1300 _18,2__ 9.0_._ 10,2 0, 348, Oe 52%. Oe _ 307, __w»
*r 6/18/79 1400 18,2 9.1 10,0 0. 360, O 545, Oe 320, "%
ee 6/18/79 1500 17,6 9.2 9.9 0. 354, 0. Sa2, 0. 318, er
*n 6/18/79 1600 17,6 9.0 10,1 0., 354, 0. S32. 0 313, =n
*e §/18/779 1700 21,1 9.0 10.2 0. 3as, 0. 493, Oe 290, .
e §/18/779 1800 26,1 9.0 10.2 0. 333, 0. Sot, 0. 2%4, e
_®% 6/18/79 1900 _ 26,4 _ 8.9 10,8 0, 339, O 505 . 0o _ 297, _we
*a 6/18/779 -'Zooo 23,? 8.9 10,48 [ 19 347, Oe S17. 0. 3o0a, e
*n 6718779 2100 23,3 8,8 10,4 0, 351. 0e $20. O 305, bl
" 6/18/719 2200 23,4 8,8 10.8 0e 3sa. 0 520, Oe 30S. i
s 6/18/79 2300 22,9 8.8 10,48 0, 3548, 0, 530, 0, 31t L1
ax 6/16/79 2400 22,9 8,7 10,5 a, 306, 0, 536, [ Y 315, LA
(1 I I T Y Y P 2 R R L e R P O Y L LR R L L e e e R R P i R R Py 3 f i it il gyl
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SRRARNRARARRAROARARAARERARRRARARRRAPRORARARNRARRRIRARARRRARAARCRAARRARRNARAARARNRAARARRS

L 1] HDURLY DATA '
L1 DRY STACK GAS CONCENTRATION e
*& L]
L1 02 co2 co NO co NOD co NQ te
e LOAD voLX voLx PPy PPNY PPMY PPHY NG/J NG/J e
e DATE TIMNE MM MEAS MEAS MEAS MEAS 3202 3202 L]
SERRERAARRARANRARENASRRRARQARRERRARRARRARQAQAARARARRLRRNERAAAAANREARARRAAARRAGRAQEORRARRRNRE
*% $/19/7719 100 21,98 8.8 10,48 0. 359, 0 531, 0. 312, Ll
ok 8719719 200 18,8 8.9 10,2 Qe 350, O¢ S21. Qe 306, LA
*e 4/19/79 300 18,8 8,9 10.2 Oe 142, Oe 510. 0, 299, LA
s 6/19/79 400 18,8 8.9 10.2 0 343, [ 1Y s‘zo O 30t, L4
" $/19/1719 S00 18,5 B.9 10.1 ' I 350. [ Y 922« Qe 300, L]
sn 6/19/79 600 17,9 B,9 10,1 [ IS 344, e S1a. O, 302, "R
te 6"””__ _700 19.9 8,9 _!0.2 [+ )19 347, 0, $18. [ 3oa, il
dn 4/19/79 800 24,8 8,8 10,2 0o 382, Do Sebe O 332, L1
et 6/19/79 900 27,8 8,9 10,2 Oe 379, Oe 565+ O 332, e
*n /197719 1000 28,7 8.9 10,1 0. 3. G S62. Qs 330, L1 ]
" 819779 1100 20,8 9.0 9.9 Do 3oa, 0. Sag. 0. 32t, LA
tn 6/19/19 1200 7,0 9.0 9.9 0. 359, 0e 5319, 0, nz, aw
* $/19/79 1300 17.9 9.0 9.9 [ Y 365, [ Y 549, Qe 322, e
*4 6719779777100 19,9 7 8.7 T 9,9 0. 3de, 0. So07. T 0, 298, 7 we
e 6/19/79 1500 24,0 o0 o0 0 0. 0. O Qe 0, k)
ot §/19/79 1600 18,5 «0 oD 0. 0, 04 Qe O 0. b
e /19779 1700 16,7 9.0 9,7 26, 0. 39, Qe 14, 0, LA
*n §/19/7719 1800 15,8 9.0 9.7 30. 0. 86, Oe 16, 9, e
*n 6/19/79 1900 17.6 8.9 .9 13, [ 1Y a9, O 17. ¢, L
e 6719779 “"2000 19,6 8.9 9.8 35, 0. S2. O« 18, 0, ~ en
o &/19/77% 2100 24.3 8.7 10.1 38, Do 55. Oe 204 0, e
e /19779 2200 4.6 8.7 10,2 36, 0. 54, 0o 19, 0, #e
" §/19/79 2300 23,4 8,7 1041 39, 0. 57. [ 21, 0. e
®e §/19/79 2300 21.7 8.8 10.0 a2, 0. o2, O» 224 0, e

ERARRRARANAR AR A AN ARRORRQAANRARRARARARNARRR RN RARNRARARAR ARG RANAANAACARR AR AAATAAARANS
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AEARARNRAR NG ARR AR R AR QAR RARARRCARARENAENRAARROARAANRSANRRNRRAEARQANRIRRONAgERARRANARSA

an HOURLY DATA "
[ 1] DRY STACK GAS CUNCENTRATION LLJ
[ ] ] [ 1]
e 0e coe co NO co NO co NO (1]
" Loan voLX voLx PPNV PPMY PPMY PPMY NG/J NGZJ an
e DATE TIME MWTM MEAS MEAS MEAS MEAS 3%02 3202 (L]
......................'..'..‘Q..l...I......"...........'.Q.f..........."..........
e §/20/79 100 18,8 8.8 10,0 as, 0. 67, 0o 24, 0, e
e §/20/79 200 16,8 8.8 10,0 LT 1 Qe 68, 0o 24, 0, L
o 6720779 Jo00 16,8 8,8 ’.9 ab, [ XS 68, Oo 24, 0, LA
*e §/20/79 800 17,6 9,0 9.7 a7, 0. T, O as., 0, e
" §/20/79 S00 14,4 9.4 9.2 S0. 0. 78, [ 28, 0, e
as 4720779 600 17,6 9.1 9.6 a9, 0, 75, O 27, 0, LA
*a §/20/79 700 _ 19,9 8,8 10,0 a8, 0. Tie 0o 25, 0. e
& /20779 800 20,8 8.8 10.1 48, 0. 1. Oe 2S. 0. Lo
e 6/20/79 900 25.5 8.7 10.2 a6, 0. 67, 0 24, 0, an
“n §/20/79 1000 20.2 8,7 1061 as, 0. 67, [ 19 ed, 0, "R
o 6/20/79 1100 19,0 8.8 10.1 as, [ 66, O 2u, 0, e
ae 6/20/79 1200 18,8 8,8 10,1 aa, 0. 6S, 0 23, 0, o
" 6/20/79 _ 1300 18,8 8.8 9,8 2S. 378, 37, §589, . 13, __ 328, La
" 6720719 1400 18,8 8.8 9,9 16, 386, 24, $71. 8, 335, "
*a §/20/79 1500 18,8 8,9 10,3 i1, 374, 16, 559, (LY 328, kel
an 6/20/79 1600 18,8 8.9 10,4 13, 367, 19, S47. Te 321, *n
*% 6/20/79 1700 18,2 9.2 10.3 0. 367, 0s So1s 0 329, e
an 6720779 1800 17,6 9,0 10,48 Te 350. i1, 526, Q, 309, e
e 0/20/79 1900 17,6 8.8 10,6 21, 336, 32, 49A. {1, 292, **
et /20779 2000 17,6 9.4 10.1 23, 358, 36, 557. 13. 327. L1
" 8/20/7% 2100 7.6 9.5 9,9 27, 387, 42, S61e 15¢ 329, ne
e 6/20/79 €200 20,5 9.7 9,8 3. b4, 49, $82. 17, 341, bl
*® 6/20/79 2300 21.1 9.7 9,9 30. 371, a8, 593. 17, 348, a»
% 6/20/79 248900 17.9 %3 10,3 33. 32S, S1. S0te. 18, 294, bl

.....l.'l.'.....'.'......i..l.ll..........'.'...l.-'..'.ll....l..'...........l'.....
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RRARRRRARASRRCASORaRaatd Rttt RdapdRtbdRtoaddtatRddtdndadodRenfddadRadARRRobtttdatdnta

an HOURLY DATA *e
e DRY STACK GAS CONCENTRATION e
[ ] ] an
'Y ue coe co NO co NO co NOQ L1
(1] LOAD VULXY VvOLXY PPMV  PPMV  PPMV  PPMV  NG/J NG/J re
e  DATE TIME mwTH  MEAS MEAS  MEAS MEAS 3202 302 e

BARREARRRRQRARCNRRARALC AR ARAR AR R AARAARRARRERARRRARANARRARRRARRCAARARARRARGANRARQRRORN
e §/21779 100 17,9 9.4 10.2 32. 332, 49, S17. 18, Ivy, LA

an 6/21/79 200 18,8 9.4 10,89 30 329, a7, Sl!. 17, 3ut, L1
e 6721779 300 18,8 9.4 10,3 e, 328, a3, S10. 1S. 299, LA
e 6721779 800 18,8 9.5 10.0 &S 333, a0, 524, 14, 3u7, LA
a 6/21/779 500 19.0 9.6 10.1 24, 338, 38, 536, 14, 314, LA
te 6/21779 600 18,8 9.7 9,9 22 3306, 3S. S37. 13, 315, e
fe 6721779 - 700 18,8 9.6 10,0 22 332. 3S. 525, 12, 30“. L4
e §/721779 800 21.1 9.4 103 21 35S, 33. 553, 12, 32S. e
ae /21779 900 24,6 9.7 10,0 ie 371, 2o S93. 1, 348, LA
e 6721779 1000 24,9 9,2 10,5 Te 378, 11, S79. q, 340, Lh ]
ae 6/21779 1100 24,3 9.0 10,5 a, 385, 6. 580« 2. 340, *e
e 6721779 1200 22.6 8,8 10,0 8, 3§57. 11, S1Se. g, Jo2, LA
e 6/21179_ 1300__25.5 8.4 10,6 9. 350. 13, S0t Se 294, LA
e 6/21/779 1800 38,1 7.9 11,2 8., 511, 11, 7o4a. 4, @13, e
e 6721779 1500 4aS,7 T.8 11,8 e sS2. le 754, 0. q43, LA
e 6721779 1600 S0,1 7.9 t11.3 6. 559, 8, 770, 3. as2, LA
a §/21779 1700 S0,1 8.1 11.3 24, 554, 34, 775, 12, 4ss, e
an 6/21/779 1800 48,9 8,1 11.3 3S. 550. a9, T69. 18, asy, .o
e 6721779 1900 4a8,1 8.1 11.3 34, 555. qQ8, 7760 17. 456, "
e §/721779 2000 a8,\ 8,2 11,2 3. 530, aa, 7a7. 16, a3s, LA
e §/721/779 2100 a8, 8.2 11.8 32. S3i. 4s. Tas. 16, 439, LA
te 6/21/79 2200 45,1 8.2 113 33, 519, a7, 732, 17, 430, e
e 6/21/79 2300 36,9 8,3 11.2 33. a9%9, a7, 709, 17. a7, LA
L 6’2‘,7’ 2400 2700 9.0 10,3 33, ato, S0, 700. 18, Q1s, LA
..........................'. AN AR RRRRR AR AR RRAAR RN R RANEARNAAAAN QA RN RARRAR QR R AN RO RRN RS
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.....'."l..'i.".l."'.lli.!i....'ll'l"...ill'....l.I....i.'....l...t.‘.'..;.....!

1 1] HOURLY DATA e
e ORY STACK GAS CONCENTRATION '
e 'Y ]
*"" 02 coe co NO co NO co NO e
L4 LOAD voLX vaLx PPMY PPMY PPHY PPMV NG/J NG/ZJ [ 1]
LA DATE TIME mWTM MEAS MEAS MEAS MEAS 3202 3x02 e

AR NN R R R AR AN A RAR R IR RN RN R R AR R AR AR AR ANR AR RR L ORAR AR ARARNANERNGRRRNANAANAOR
*e 6/22779 100 18,8 8.6 10,7 38, abe, S7. 689, 20. 404, LA

e 6/22/7179 200 17,9 8.6 10,7 a0, 437, 59. 636 21 374, #e
e /22719 300 17,9 8.6 10,6 al, q40, S9. 6at. 21, 37e, LA
*e 6722779 400 17,9 8.7 10,5 a1, 439, 60, 64S, 21, 379, an
an 6/22779 500 18,2 8,8 10,4 ag, a4y, 60, 652. 21, 3n3, LA
e /22779 600 17,6 8,8 10,3 at, eag, 60, 654, 21, 384, e
*n 6/22/79 _ T00 18,2 8,8 10,8 a0, @47, 60, o661, 21, 388, e
re 6722779 800 17,9 8,8 10,4 80, ad9, 60, 649, 21, 381, a»
an 6/22/779 900 18,8 8,8 10,48 38, 443, 57. 655, 20, 385, LA
ae /22779 1000 16,8 8,8 10,48 38, 438, 56, 6as8, 20, 380, Ll
*e 6/22/79 1100 8.8 8,8 10,4 37, ale, $S, 6asS, 20, 379, ae
e 6/22/79 1200 18,8 8,86 10,4 36, a3a, 3, 642, 19, 377, e
*e 6/22779_ 1300 _18.8 . 68,5 10,6 0, as3, 0, 655, . 0, 384, e
e §/22/79 1800 18,2 8,6 10,5 09, a59, 0, 668, 0, 392, LA
*e 6722779 1500 18,2 8,6 10,5 0, a68, 0, 681, 0, ao00, L1
ee &/22/779 1600 18,5 8,6 10,5 i1, as5, 16, 677, 6. 3197, L
s 6/22/719 1700 8,2 8,5 10,4 26, 413, 37, 683, 13, 401, ee
ae 6/22/779 1800 17,9 8,5 10,5 6, ado, 9., 693, 3, @07, en
ae 6722779 1900 17,6 8.5 10,5 30, 477, a3, 689, 15, 40a, ==
8 6722779 2000 T 20,8 8.5 10,4 26, 439, 38, 633, 18, 372, “ae
ee 6/22/79 2100 22,9 6,5 10,0 3a, a3s, So, 628, 18, 389, e
sx 6/22/719 2200 22,3 8,2 10,7 38, ado, 53, 620, 19, 364, e
e 6722779 2300 19,9 8.8 10,5 39, a4as, Se, 638, 20. 374, e
wa 6/22/79 2400 19,0 8,9 10,8 a8, as3, To, 6SS, 25, 384, e
AARARRRAAR QAN AR AR ANR A AR QAR R RN N AR RAR RN RRARAR N AR N AN AN R RANAR I RANRNNARANRN QAN AN ARNRY
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ARRRRR AR R R QA RN RARANN R RN QA AANR A AR AAAN AR ANR R NAARAN SRR PR RAARAR AN nSAPaRtgdtAtRtananen

(1} HOURLY DATA "
' DRY STACK GAS CONCENTRATION *e
[ ] ] [ 3]
(1] 02 co2 co NO co NO co NO .
(1) LOAD VOLXY VOLS PPNV PPHMV  PPMY  PPMY  NG/J NG/J  a#
a2  DATE TIME wMWTH  MEAS  MEAS MEAS  MNEAS 3202 3102 'Y

ARRRRR AR RN R QAR RN AR AR AP R A QR AN RRAARR AR NRARN AR ARRNANSRRRREANA RN RRAANNNERANR QAR RRORRARD
e §/23/719 106 19,0 8,4 10,5 a2, as57, [ 2 655, 22 385, .-
*e /23779 200 19,9 8,2 10,7 qas, qbéb, 63, 657, 23. 306, e
*a /237719 300 19,9 8.1 10.7 as, q8s, b4, 650, 23. 182, "
. 8/23/19 800 19.9 8.2 10,7 a7. abe, 66, 657, 24, 38p, a»
" §/23/779 S00 19,3 8,1 10,7 a7, a73, 66, 062 FL N 389, L
*e §/23/79 600 1003 8,1 10,7 $7. q78, 80, 668. 29, 392, LLJ
' 6723779 700 _ 19,9 8.2 10,7 a8, ar2. 68, 865, 24, sy, AL
se 6/23/79 800 20,5 8,2 10,7 48, 402, 08, 651, 26, 382, ne
e §/23779 900 20,5 8,3 10,0 48, 451, 68, 640, 24, 37e, e

*h /237719 1000 21,8 8.2 10,7 a7, a5a, 67, 61319, 24, 3718, LA
an §/23/779 1100 25.5 8.2 10,7 a7, ase8., ab, b4S. 24. 379, L1
/23779 1200 27,8 8.2 10,6 a6, ara, 64, 668. 23. 392, "
*h 6/723/79 [300__27.0 8.2 _ io.’ a6, Q73, 6S, 667, 23, sng LA
*e $/723/79 1400 27,8 8.4 10,7 0. 477, 0, 682, 0, a0t, we
oe 6/723/79 1500 25.5 8.4 10.5 1S, a63, 21, 663, 8, 389, Li
*e 6/23/719 1600 23,0 8.4 10,5 15, 443, 21, 6343, 8, 372, bl
ae 4/23/79 1700 23.0 8,4 10.5 15, aag, 2% 630, 8, 370, L
n 6/23/79 1800 23,4 8.0 10,5 1S. qa28, 22, 623. 8. Joeo, L1
*e /23779 1900 24,3 8.8 10,5 18, 39S, 27, S84, 10 343, a»
T a8 6723779 T 2000 28,0 8,6 10.3 20, 815, 2%, 604, 10, 1SS, L3
e 6/23/79 2100 23,7 8.6 10,3 2S. ai8, 3o, 608. 13, 357, e
an §/23/79 2200 23.4 8,0 10,8 30, a18, aa, 608, 16, 3s7, L]
*a §/23/79 2300 23,1t 8.6 1045 30, ai7, 84, 0607, 16 356, an
*e /723779 2800 19,9 8,6 10.8 3s5. a2l. S1. 613, 18, 360, ‘e

ERARAR RN ARRAN N RN TR AR AN R AR RERANN AN R AN R AR A RN R ARAR O AR A RACN R AR ORARNAERRR ARG AARRAARNOAR
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RRRRRARRRARANARANRAQATANGANARARRAQARAOARQRARERARARAAARCRROdndddaadttidnatgandttiotaned

' HOURLY DATA *e
" ORY STACK GAS CONCENTRATIUN 1
fte L ] ]
e 02 co2 co NO co NO cn NO e
e LUAD voLg voLX PPMV PPHY PPMY PPMV NG/J NG/J TS
*e  DATE TIME MwWTH MEAS  MEAS MEAS MEAS 3202 3202 ™

RRARANRRARARAARRANRAR RN AP RO AR R AR ANARR AR AARARERRARRARRARARGARNAARNRANAARQIARRAQNORARA
% /28779 100 20,2 8.6 10.3 30, a2S, 44, 618, 166 363. e

a §/2a/79 200 20,2 8.6 10,3 ap. 42S. S8, 61Ae 21e 363, an
e /728779 300 20.5 8.7 10,3 a0, Q23. s9, 621 21l 30“. LA
" 6/2a/79 400 20,8 8,7 10,3 S0. a2, 73. 819, 26, 364, (1
ae 6724779 500 20,8 8.7 10,3 S0, 420, 73, b16. 26, o2, Ll
" §/24/79 600 21,1 8.7 10,3 Sil. 418, 7S. 613, 27, 360, an
% &/28779 _T00 20,2 8,7 1043 5S. ai8, a1, 613, 2%, 3o0, L1
an 6724779 800 20,2 0.7 10,3 S6, 409, 82, 600. 29, 352, ar
"t 6/24/79 900 211 8.6 10.3 60, Q006, a7, $91. LIS 347, an
a8 6723779 1000 21,3 8,6 10,3 60, aoe. a7, Sas. 3t. 343, L
e §/24/79 1100 20,8 8,6 10,3 60, 800, 87, 582. 3t. 342, L
e 6/2a/79 1200 20,5 8,06 10.3 60, 200, a7, S82. 31, 342, s
*% /23779 1300 20,2 8.6 _ 10,3 §S. 395, 80 S7S. 29, 338, e
*e §/2a/779 1800 20,2 8.5 10.3 10, 380, 14, Sa9. Se 322, L)
0 $723/79 1500 19,9 8.5 10.3 10 380, 1a, Sa9. S, 322, ar
" 6728779 1600 20,2 8.5 10,3 10, 377, 14, Sua. Se 320, "
*® 6/24/79 1700 19,9 8.5 10,3 10e 378, t4, Sae. Se 320, e
s 6724779 1800 19,9 8.5 10,3 10, 381, 14, S50. Se 323, LA
R 6/24/78 1900 19,9 8.5 10,3 10. 3680. 14, Sa9. Se 322, L1
% 6720779 2000 21.7 8.5 10,2 10, 350, 14,  SoS. Se 297, ae
*n 6/72a/79 2100 20.5 8.8 10.0 20. 37S. 3J0. $5S. 11e 320, s
% 6/28/79 2200 19.3 8,8 10.0 20. 372, 30. S550. 11e 323, o
*n 6/28/79 2300 19.0 8.9 100 20. 380. 30 Se7. 1t 333, e
*e 6/20/79 2300 19,3 8.9 1040 20 37a, 30. 5%8. 11e 328, ar

ARRAARRRAR AR NN AR RN AR A AR ARAAAR AR N ARRRAR AR AAN R RN R AR AR A AN AR AAN R AN R AARNARARAQARANARARARS
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ANARAARRRRRRRNRRARRA SR RARARAARRARAARNARRERARARARRNNRARROARAARAARARNRARRANRENNEARARRDARARAD

e HOURLY DATA 'S
[ 1] DRY STACK GAS CONCENTRATION 1)
an [ 1]
" 02 coe co NO co NO co NO (1
(1] LoAD voLX vOoLX PPV PPNV PPMY PPuyv NG/ZJ NG/J 'Y}
e DATE TIME MWTH MEAS MEAS MEAS MEAS 3%02 3202 e

AR RRRARRQRRRANRARN AR AR QAP AR AN ARRR RN RBANARAANR AN RARNNERAARRARARCENARRARARARRQARARRARANRS
an §/25/79 100 19,9 8,.¢ 9,9 30, 37S. as, 559, 16, 328, ol

o §/25/779° 7 200 20.2 8.9 9.9 3S. 375, Se. $59. 19, 3es8, e
e §/25/779 300 20,2 8.9 9.9 38, 378, S7. S64. 20. 331, e
o 6/25/719 Q00 19,9 8.9 9.9 a2, 377, 63, S62. 22 330, e»
ww 6/25/79 500 19,9 9.0 9,9 a8, 377, T2¢ S6T. 26o 333, e
e 6/25/79 600 19,9 9.0 9.9 So. 377. 75. S67. 7. 333, L
" 6/725/79 700 20s2____ 940 _ 10,0 __ SS. 376, 83, Seb. . 30, 332, _w»
e §/25/779 800 20,8 9.0 10,0 60, 374, 90. S63, 32. 330, 1 ] ]
e /25779 900 20,8 9.0 10,0 60, 374, 9. Se3, 32, 330, k)
e 6725779 1000 22,0 o0 101 60, 378, Si. 324, 104 190, L1
e 6/25/79 1100 25,5 ) 10,1 60, 378, St. 324, 18, 190, *e
e §/25/79 1200 26,7 0 1062 30. a20. 26, 360, 9 e, LA
an /25779 1300 27,5 __ 9,0 __ 10,1 _ _10, _ 455, 1S. 684, _ _Se a02, _ o
e 6/25/797 1400 27,8 9,7 10,7 s, aSe, 8., 729, 3. @28, e»
an 6/25/79 1500 27,8 %1 10.8 (1% asSo0, 9% 682, 3, 401, "t
e 6/25/779 1600 27,8 9.0 10.0 10, aes, 1S, 643, Se 378, L)
e $/25/79 1700 27.8 8,6 10,7 13, R4, 20, 6at. 16 377, L

an 6/25779 1800 25,8

e 6/85/79 1900 24,6

an /25779 TT2000 24,6
wa 6/2%/79 2100 23,4

s 6/25/779 2200 23,8

ee &/25/79 2300 19,9

an 6/725/79 2000 18,8
PRARRREANRRARANLONANANARARER

7 ‘ooo 200 001. 300 656. ll. 365. e
9 _ 10,5 29, aa3, aa, 660, 16, 388, v
17 10,3 38, ° 414, S7., 628, 21, 369, " e
9 10,5 38, a3S, Sé, 6a9, 20, 381, L
9 10,6 a0, a32, 60, 6as, 21, 379, »
o 10,5 a2, a3i, 63,  6a9, 23, 381, s
2 10,3 ag, aas, 63, o8y, 22, 400, w»
ARAARNRRARARRANCRAAAREARARRAANRRRNAANANEARNARAQRORRRANRNORA
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ARRRRARARRRAARRARARARNRAGICR A AN P ARRARANAQARPRARRRAARAARRARRRARAQANARRARARpRENANAPTRARRR

o HOURLY DATA e
13 DRY STACK GAS CONCENTRATION e
L 1] [ £ ]
(1] 02 ca2 co NO co NO co NO [T
L4 ] LOAD voLg voL? pPMY pPPHY PPMY PPMY NG/J NG/J e
*e DATE TIME wMWTH MEAS MEAS MEAS MEAS 31202 3z02 L]
RARRRARARNQARNAANNANRARAQAREA RN AR RARPRARN RN RARARRNRRROARRAARARRLARARCARARARNA AR QAN AQGAR RS
e §/27/7719 100 16,1 8.8 10,2 8, 418, 12« 618, a, 363, e
e §/27779 200 16,1 8.7 10.2 10, 413, 14, 606 Se 356, e
e 6727779 300 16,1 8.6 10.3 10 415, 1S5. 6048, Se 35S. "
ee §/27779 400 36,4 8.5 10,3 10, a18, 1S, 604, Se 355, (1]
ae /27779 S00 16,7 8.5 10,2 11, y22, 16, 609, e 358, e
an 6727779 800 16,0 8.6 10,2 11. @22, 16, 614, o, 3e0, 1]
"W §/277719 ___700 ‘700 8.6 10,2 11, a1a, 16, 603, b 35“. L]
e 6/27/19 800 20,5 8.7 10,1 11 817, 16 612, 6 359, ae
ae 6727779 900 19,3 0 10.0 20 410, 17, 351, be 206, L L]
re 6727779 1000 Q4,6 8,7 10,4 2% a4, a3, 646, 1S, 380, e
*n 6727779 1100 24,9 8,6 10.5 30, aas, aq, 648, 16, 380, e
en §/21/79 1200 25.2 8.5 10.S 30. a48, a3, 647, 15. 380, e
s /727779 ) 1300 25,2 8.5 10.5 30, as5S, a3, 657. 1Se 386, an
e 6/277719 1800 23,7 8,5 10,5 1S. 460, 22. 664, 8, 390, L1
st 6/27/79 1500 19.6 8.5 10,5 22. A4S3, 32, 654, 11, 384, an
t8 6/27/719 1600 (19,6 8,6 10.4 23, uSS, 3a, 662, 12, 388, "
tn 6/27/79 1700 23,7 8,6 103 11e. 450. 17. 0SS, .13 384, b
sa 6727779 1800 25,2 8.6 10,9 19. q48, 28, 652, 10, 383, -
*e /727779 1900 25,2 8.6 0.4 18, 439, 26, 639, 9, 375, ae
*k 6727779 ~ 2000 23.4 8.6 10,48 18, 421, 26, 612, % 359, e
" 6/27/79 2100 19,9 8.7 10,3 8. 390, 11, 572. a, 336, ne
*n /27779 €200 17,0 8.6 10,4 De 3%, 1. 576 De 338, ae
*e 6727779 2300 16,7 8,7 10,8 1. 390, le S72. 0. 33e, o
ea 6/27/79 2400 16,4 8,8 10,2 0, 379, 0. Set. 0. 329, e

FARRERARRAR R R R AR R AR AR ARG AR R AR R AR R EANN R A RRANAARNRRARSAARN RN AR ARARARRARNBRANENRRARRANARS
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AARAARRRNARAARRR ARG AARO A RIS P AR A AR RARTARR RN ARARAREAR R E AR A RACR AR RCARARAGQRARQAaaRARNY

e HOURLY DATA 'Y
e DRY STACK GAS CONCENTRAT]ION e
*k [ X ]
" 02 ctoe ()] LV] to NO co NO e
L1 ] LOaD vULX voLx pPPMY PPMY PPMY PPmy NG/ NG/ J [T}
*es  DATE TIME mMwTH  MEAS MEAS MEAS MEAS  3X02 13202 '
..Ql...‘.......'..!..'..‘.....t.............lﬁiﬁﬂtiitt..I..i...Q!t....tl.l..ﬁtg.t..‘
e /28779 100 17,0 8,8 10,2 9% 370, 13, S48, S, see, e
*e /28779 200 17,9 . 1002 [ Y 367, 0. $39. [ 29 3te, LA
L4 0,28’79 300 '8'2 . |0.Z !. 352- Se Slo- 2o 303. L)
e §/28779 a00 18,2 . 10,2 21, 342, 31, S0S. 11, 207, *e
e §/28779 S00 18,2 . 10.1 19, 336, 28, 494, 10, 292, LA
*a /28779 600 18,2 . 10,1 28, 329, 36, 487, 13, 286, =
*e 4/28/79 700 18,5 . 10.1 8, 329, 12, ag7. q, 2R¢, *e

ta /208779 800 19,9
an §/28/79 900 23,4
an §/287719 1000 20,9

10,1 25! 320- 38. “1;. 13, 278. ‘e
10s7 25, 831, 36, 617, 13, 362. we
10,8 27. 461, 38, 688, 18, 385, e

= BN DDAVUWNUNWEREWEOD® D® N

" 6/28/79  f100 2.7 10.7 27. abo. 38, 659, 14, 387, en
*e 6/28/19 1200 20,5 10.8 30, a2e, a3, 600, 15, 352, s
" 6/28/79 1300 19,9 10,9 29, 227, ag, 603, 16, 3sa, ')
“n §/28/7719 1300 9.9 10,8 2%. aay, az, 627, 1S, Job, e

e 6/28/719 1500 19,6
*n §/28/79 1600 20,5
*n §/28/79 1700 27,2
re 4/28/79 1800 29,0
"% 6/28/719 1900 28,7
% 6/28/79 2000 28,1}
*e §/28/79 2100 20.2

10.7 33, ad4, a7, 626 17, 387, [ 3
10.8 24, abs, 315, 66S, 12, 390, i
10,6 18, 613, 26, 87t. 9, S12, LA
10,8 2l. b4, 11, 951, 11, 559, LA
10,8 26. 672, 37, 962, 13, SeS, e
10.8 31« 67S. S, 97, 16, So8, wr
‘007 39. dl2, 57, LI 20, 519, L 4
e &/28/719 2200 17,6 10,3 as, 588, 67, 870 24, Si1, *h
"% 5/28/79 2300 15.8 10.0 as.  6lt. 69, 927, a5, 544, ee
e 6/28/79 2490 15,2 91 9.9 a9, 606, 75. 920, 27, Suo, LA
..'.‘....‘.....-...'..'..........'.......-................'...'.....'..I.".".I....

OO OGO POPOPPIRPOOIROD
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ARRNRARNRAR G ANR AR AARR PR RAARNRRARNRAANARNRARANRRARRAARASEARANLRAARRANRREARORNNpNRARdoRbany

[ 1] MDURLY DATA (3]
[ 1] DRY STACK GAS CONCENTRAT]ION 13
(1] '
(L] 02 . co2 co NO co NC co NO e
L] LOAD voLX voLX PPMY PPMY pPMy PPMV NG/J NG/J 1]
e DATE TIME MWTH MEAS MEAS MEAS MEAS 3x02 3102 L

ARRRA AR AR AN RN AR AR R AN R AN R AR R AR R AN IR AR R AR R AR AR R A AR A RARN PR R R AR RN RN ARRARPRARRAARNAINS
te 6/729/79 100 1S, 9,0 10,1 52 600, 78, 903, 28, S30, e
" $/29/79 200 15,2 9.0 10,0 S4. 596, 81, 897, 29, 5217, L1
*h 6729779 300 1542 9,9 56, 590, 84, 887, 30. S21, L
e /29779 a00 15,2 9.8 S8, S88, 87, 8A2, 3. S18, e
L] 0’29/1’ 500 15.2 10.0 50, §92. 89, 883- 32. S'a, e
' 6729779 600 1S5.2 9,9 6le 587, 92, 883, 33, 519, e
e §/29/779 700 15,5 10,2 b, 579, 90, 849, 32, 499, LA
N 6729779 800 1706 10,5 62, 588, Q0. 8409, 32. aoau LA

s 6/29/79 900 19,3 10,8 0. 447, 0. 640, 0. 37s, e
e 6729779 1000 22,3 10,8 16, aso, 22, 640, Ba 37s, e
e 6/29/79 1100 24,8 10,8 1d, 462, 19, 656, Te 3es, e
" 6/29/779 1200 26,7 10.0 11, ae0, 17, 692, b 408, LA
" 6/29/79 1300 28,1t 10,8 i10e S3t. 14, 749, Se aao, e
*x 6729779 1400 32.5 11.¢ i1. 540, 16, 7a9. b 440, e
*e 6729779 1500 as5,.8 10,0 12, a8g, 14, 565, Se 332, LA
ot §/29/79 1600 22,3 10,7 16, as2, 22. 627, 8¢ 308, LA
e 6/729/79 1700 21,4 10,9 19, asa, 28, 645, 10. 379, e
*n 6729779 1600 21.40 10,8 28, as4a, 34, LY 12 379, e

e 6/29/79 1900 21,4
*e 6729779 2000 19,9
e /297719 2100 19,6

10,8 2%, asa, a1, 046, 1S, 379, "
10,8 34, ae3, a9, 663, 18, 389, e»
lo.’ i1. 426, 16, 609. b, 31s8, LA
" §/29/79 2200 1S.8 10,3 a4, aaes, 65, 660, 23. 388, LA
*s 6/29/79 2300 14,1 9.7 a6, @29, 72, 668, 26, 392,
e 6729779 2400 14,6 9.1 9,8 10 a30. 1S, 653, Se 383, LA

ARARARNRRARACRRN R AR ARAARNARAR R AR R AN RARNARAARAARRARRORARRRARCRRARAAARECNRRARGAARRARARARR

OPBOPOPIONET®POIDPEOIEBBO® OO0

DOPEDVWWLWO YJONOWUWDLDANNO 0O O
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ARRANRERRR AR ARARARARRANPANRAR PR QRRAR RN QRARRRRRARRARAARGSNaRARGARRAARGARQARACRotARRA

(11 HOURLY DATA Y3
1] ORY STACK GAS CONCENTRATION e
[ £ ] [ 3
L1 02 co2 co NO co NO co NO e
Ld LOAD vuLXx VoL X PPMYV PPMY PPMY PPMY NG/J NG/ J [T
' DATE TIME MWTH MEAS MEAS MEAS MEAS 3202 3202 .

AR R AR AR AR RN AN IR R AN AR AR RS R AR R RN R A AN AR NN R PR AR AN RN AN QR AR AR AR A AR RN AR AW
e 6/30/79 100 14,1 9.3 9,4 S3. 4al, 81, 650, 29, 3u2, e
ae §/30/79 200 14,1 9.3 55, qa14, 85, 639, 31. 375, e
e 6/30/79 300 14,1 9.3 s8, a2, 89, 63s. 32, 373, *e

9,6
9,5
an 5/30/79 400 t4,1 9.3 9,5 s9, q09, %, 631, 32. 371, L
an 5/730/79 500 14,1 9.3 9.5 61, q08, 94, 630, 34, 370, L4
aa 6/30/79 600 14,1 9.3 9,5 63, 410, 97, 633, 35, 372, L1
ar 6/30/79 700 34,1 9.3 9,5 6S, a09, 100, 63t, 36, 370, o
ae 6730779 800 14,1 9,2 9,6 66, atl, 102, 628, 3o, 369, e
an 6/30/79 900 17,6 8,6 10,3 70, a38, 102, 38, 38, 375, "
an 6/30/79 1000 19,0 8.5 10,8 68, aS4, 98, eSS, 35, 385, e
an 6/30/79 1100 19,9 8,4 10,7 10, 458, 15, 656, Se 385, "
ae 6/30/79 1200 22,3 8,3 10,8 6, a59, 8, &53, 3. 383, e
an 6/730/79 1300 23,4 8,3 10,8 3, ass, 4, ear, 2. 380, bkl
2% 6/30/79 1400 23,4 8.4 10,7 2, asa, 2. &S0, 1. 382, an
*a 6/30/79 1500 23,7 8,4 10,7 3, 455, a, 651, 1, 382, e
a0 6730779 1600 22,9 8,4 10,7 2, @S54, 3, &S0, 1. a2, LA
e 6/30/79 1700 22,6 8,s 10,7 3. ass, S. 657, 2o 38¢, (1]
*n 6730779 1800 25,8 8,5 10,6 3, a@e9, Se 677, 2. 397, e
an 6/730/79 1900 25.8 8,5 10,6 S, 466, 7. 673, 3. 39s, 11
se 6/730/79 2000 25,8 8,5 10,06 8, @83, 11, 669, q, 393, e
*a 6/730/79 2100 24,6 8,5 10,6 10, ass, 1S, 661, S. 188, an
e 6/30/79 2200 19,9 8,6 10,5 19, a1, 28, 613, 10. 3e0, e
se 6730779 2300 10.7 8.8 10,1 14, a32. 21, 639, B 375, L2
e 6/30/79 2400 15,2 9.1 9.8 10. 430, 1S, 6S3. Se l83, e
EARNRR R AR AR QAR A ARG AN R RN R RO RN R R AR N ANARAR A RANR N AR RRNARARANNRARAGANARCARANARRARNQARNRAR
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AR AR AR ANARRAR R R AR IR NS AR AR RN RARARRAANOAR AN AN ARARNR NN AR ANANRACAAAARGIAARARRNRORS

(T} HOURLY DATA '
7] ORY STACK GAS CONCENTRATION L
[ 1] [ X ]
(1] 02 coe2 co . NO co NO co NO e
(1] LOAD voL: voLx PPMY PPMY PPMY PPMV NG/J NG/J e
(1] DATE TIME MWTH MEAS MEAS MEAS MEAS 3202 3X02 L

.'.........'..'.'...‘..'..'...."......"......'.......'........................."'
7/ /79 100 14,6 9,2 9.6 22¢ 826, 34, 651, 124 382, "

" 7/ /79 200 18,6 9.2 9.6 26, 828, 40, 855, 16, 385, e
*e 7/ /79 300 14,6 9,2 9,6 31. aae9, a7, 857, 17, 38e, bid
te 7/ 2779 a0 14,6 9.2 9,06 3S. q24, S3. 649, 19, 381, LA
*e 77 4779 500 14,6 9.1 9.6 39, 4923, 59, L.I'T5 21, 377, (1]
*e 7/ 1/79 600 14,6 %1 96 a2, 423, 64, ba2. 23, 317, #e
7/ 1779 700 18,6 %1 9.6 as, 42s. 68, bas. 264, 379, et
te 77 1779 800 14,6 9,2 9.7 34, a2e, 52, 651, 19, 382, LA
e 7/ /79 900 15,2 8.8 10.0 25, ad8, 37, 663, 13, 389, LA
e 7/ 3/79 1000 8,2 8,8 10,0 25, 470, 37, o9s, 13, 408, #e
an 7/ /79 1100 16,8 8,7 10,1 2S. ar2. 37, 693, 13, 407, e
" 1/ 17719 1200 19,3 8,5 10,1 2S. a1s, 36, 686, 13, 403, "
" 7/ 4779 1300 18,8 8,5 10.1 2S. ars, 3o, 686+ 13. 403, e
" 7/ 1/79 1300 16,8 8,5 10.1 25. a8y, 36, 694, 13, a08, LA
a7/ /79 1500 16,8 8.6 10e1 2S, 483, 36, 703, 13, 413, bl
ae T/ 1779 1600 19,0 8,6 10,1 26, a8e, 38, To01. 14, a12, Li
% 7/ 1779 1700 18,8 8.6 10,1 28, a87, a1, 709. 1S, 4&l6, #»
e 7/ /79 1800 19,9 8.6 10.1 30. a718, a4, 096, 16, qa08, e
T/ 4/79 1900 20,2 8,6 10.0 32. at1, aT. 68S, 17, 02, e
ot 7/ 1779 2000 20,5 8.6 10.0 36, ar2, 52, 687, 19, Q03, '
e 7/ /79 2100 20,5 8.6 10,0 a90. Qas3, S8, 874, 21¢ 396, L
*e T/ 3779 2200 20,8 8.7 10,0 as, 440, 66, bab6. 24, 379, e
% 7/ /719 2300 19,3 8.6 10,0 a8, Q61, 70, 671, 2Se 3%4, LA
at P/ 3779 2400 17,6 8,7 10,0 S0, as7?, 73, 671, 26, 3194, LA

AARREARRANRARRA RN AR AN A RANARNARARRARARNARAARARNRARARRAANAAARNN AN AANAAARANRAARGARRRNONRNARNS
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.."l....'..'.il'.'.i"...I.t"."'......"l..l...'.tl...........I!'Q...........‘..Q

(1] HOURLY DATA o
e ORY STACK GAS CONCENTRATION *e
e e
L1 02 coe co NO co NO co NO 1
11 LOAD VOLX VOLXY PPMV  PPMV  PPMV  PPMV  NG/J NG/J e
*n  DATE TIME wWTH MEAS HMEAS MEAS  MEAS 3302 3%02 e

ARRRRR AR RN R AR AR RN A AR R AR R AR AR AR SRR AN R AR A AR A SR AN R AN NN A RO RAN AN QAN AR AAN A NR O RN
*e 7/ 2779 100 16,7 8.8 10,0 55, 4as, 81, 663 29, 369, LA
e 7/ 27719 200 16,7 8.6 10,0 60, a4s8, 87, 6S2. 31, 393. e
e 7/ 2719 300 |7.° 8,7 10,0 6S. 4SS. 9S. 668. 34, 392. e
e 17 2779 400 17,0 8.7 10,0 65, as7. 9S. 671, 3a, 394, ae
e 7/ 2779 S00 37,0 8.6 10,0 [-1-19 as3, 96, 659, 34, 387, e
*n 7/ 2/719 600 17,0 8,7 10.0 67, qus, 98, 657. 35, 38s, e
e 7/ 27719 700 7.0 8.6 10,0 70. as2, 102 6S8. 36, 386, e
ae 7/ 2/79 800 16,8 8.6 10,0 23, asa, 33, 861, 12, 388, e
e 1/ 2779 900 20,5 8.4 10,3 20, aSa2. 29, earv, 10, 380, we

ee 1/ /79 1000 20,5 8.4 10,2 18, as8, 26, 656 9, 38s, te
*e 7/ 27719 1100 20,S 8,3 10,2 17, 462, 24, 6S6. 9, 385, ‘e
e 7/ 2719 1200 20,2 8.3 10,2 20, aSo, 28, 639, 10, 371s, (1]
*% 7/ 2/79 1300 19,9 8.4 10,2 20, aas, 29, 609, 10, 357, e
re 77 2779 1400 19,9 8.8 10,6 23, a17, 33, S97. 12, 351, Lkl
w7/ 2/719 1500 19,9 8.4 10.4 23, 410, 33, S87. 12, Jda, L 1]
e 7/ 2779 1600 19,9 8.4 10,7 18, ai8, 26, $98. 9, 351, bkl
*x 7/ 2/79 1700 19,9 8.4 10.7 17, a23, 24, 606¢ 8, 356, LA
se 77 2719 1800 19,9 8.4 10,7 18, 42e, 2S. 610. 9, 3S8, (1]
*e 77 2779 1900 19,3 8.4 10,6 19, q23, 27, 606 10, 3Se, ne
e 1/ 2/719 2000 19,0 8.0 10,7 20, al9, a9, 628, 10, 369, e
% 7/ 2/79 2100 19,3 8.a 10,7 3. ala, S. 622, 2o 365, #e
e 7/ 271719 2200 lqnl 8,9 10.5 30. 386, a4, 587. 16, 327. e
se 1/ 2779 2300 18,8 8.5 10.4 24. a12. 35. Ses, 12, 349, e

st 7/ 2779 2800 18,8 8,5 1065 2S. 408, 36, $89. 13. 3ae, e

..'.....'.'.'..l............l......'..."Q.'.IQ..'.t.'..........l.‘.....‘Q....'....'
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RN R RN R QA RRAR A RARRRA QAR R RN OAARRRRRRARNRARARANANRARAARDANENQQANRANRORAQRARNRNINRRED

*e HQURLY DATA [ 3
(1] DRY STACK GAS CONCENTRATION e
e 'Y ]
(1] 0e Cc02 co NO co NO co NO "
" LOAD voLY voLX PPMY PPHY PPHY PPNV NG/J NG/J e
e DATE TIME mMwTM MEAS MEAS MEAS MEAS 3202 3x02 T

AN RRN RN AR AR ANAREN QAN IR N GAR R R AN A RARNRAN A RN ERANANE AR RN AAARRCARARNDAANAARNARARGANRERNQNAAARR
*s 7/ 3/719 100 18,8 8.5 10,5 26, q24, 37. 612, 13, 359, L1
Ld ) 7, 3,7' zoo lala els 'o.s 27. .220 39. OOQQ la. 357. LA
e 7, ”7’ 300 lo.a 0.5 lo-s 29. 3'0. al. 570. IS. 337. "

a7/ 3/719 a00 19,0 8,5 10,8 3, 3%, 45, Se3. 16, 330, ar
e 7/ 3/19 So0 19,0 8,5 10,4 36, aoo, S1, 577, 18, 339, LA
ax T/ 3/79 600 19,0 8,5 10,8 a0, 391, 58, Sea, 21, 331, L1
oe 77 3779 700 19,0 8,5 10,48 ae, 390, 66, Sea, 24, 33, e
re 7/ 3/79 800 19,6 8,5 10,2 a9, 394, Ti. Sea, 2S5, 331, LA
es 7/ 3779 900 19,9 8,5 10,6 11, 357, 15, S18, Se 302, oo
ee 77 3779 1000 20,S 8,5 10,6 7., a22, 10, 609, q, 357, 1
ae 77 /79 1100 20,5 8,4 10,6 6, a7, 9, YRR 3. 359, '
*e 7/ 3/79 1200 24,3 8,6 10,0 5. 4as2, 8, &89, 3, 387, an
*s T/ 3/79 1300 a9,2 7.9 11,1 e, S73, 6, 7Tes, 20 463, 2w
a7/ 3/79 1600 81,5 8.3 10,8 S, el0, 7. 867, '~ 2. S09, e
ta 7/ 3/79 1500 43,9 8,2 10,8 T. 620, t0, 8ra, a, S13, L
ar T/ 3/79 1600 65,8 8,1 10,9 12, 610, 16, 853, b so1, LA
*e 7/ 3/79 1700 65,6 8,1 10,9 12, 606, 16, 8a7, by 497, 2
s 7/ 3/79 1800 65,6 8,1 11,0 13, 614, 18, 859, 6, 504, L1
es 7/ 3/79 1900 65,6 8,1 10,9 18, &03, 19, 8a3, Te 49s, L
*a 7/ 37719 2000 &S,3 8,1 10,9 1S, 604, 23, 8as, 8, 49, "k
e 7/ 3/79 2100 65,3 8,1 10,8 16, 606, 23, aa7, 8, a97, '
ex 7/ 3/79 2200 43,9 8,2 10,7 7, S32, 9, 739, 3, 4ao0, L1
T/ 3/79 2300 23,4 8,7 10,3 22, a2a, 32, 822, 11. 365, L1
*n 7/ 37719 2300 19,6 8,4 10,6 27, ais, 38, S9a, 14, 349, e

ARRAARA AR ANARRARAARNRANRRRRARNRNE R RN AQARANRAANAQARAAANRNNANN
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13 HQURLY DATA ae
e DRY STACK GAS CONCENTRATION "
e ')
(1] ae ca2 co NO co NQ co NO LA
Ll LOAD voLx voLX PPMY PPMY PPMY PPNY NG/J NG/J an
ae  DATE TIME wWTH MEAS MEAS MEAS MEAS 3x02 3202 e

RN AR R ARAR R AN AR AR AR R AR A AR AR AR AR RN R AARRRAR AR AR RARRRERNAR N RO RANARRARNGARARRARB RN
en 7/ Q7719 100 7.6 8.6 10,2 30, Q0S, a4, 589, 16, 346, Lh]
" 7/ 4/79 200 16,4 8.0 10,2 3a, ats, a9, 603, 18, 354, L1
*a 7/ &/79 300 16,7 8.6 10.2 39, a8, 57, 608, 20, 357, e

a7/ /79 400 16.7 8,7 10,2 a7. az20. 69, 616, 25, 362, L1
ca T/ 4779 S00 17.0 8.7 10,1 5Se Q22 81, 620, 2%, 364, L
a8 7/ Q/79 600 17,0 8.8 10,1 62 a22. 9. 6248, 33. 3006, e
*n 7/ 4/79 700 17,3 8,8 1061 64, az23, 95, 626, 34, 367, e
*e T/ Q/79 800 17,3 8.8 10.1 67, q19, 100, 621, 30, 3o0aq, el
ae 7/ 4/719 90 17,6 8.8 10.1 67, a18, 100, 619. 30, 363, L
an T/ &/79 1000 17,9 8,8 10.1 68, Q16. 101, 61Se 3o, 301, an
“a T/ Q779 1100 18,8 8.7 10.1 q9, a22, 712 619, 26, 383, Ll
s 7/ ‘,7’ ,zoo al.l ‘.6 10.3 6o 027. 0. bz‘. 3. 365. a4
e 7/ /779 1300 23,4 8.6 40,8 0. 437, 0. 636, 0, 373, s
*a 7/ 3/79 1400 26,4 8.6 10,48 0, 44a, 0s bas, 0 379, e
ta T/ /79 1500 24,9 8,6 10,3 O a2a, [ 19 617, [ 19 362, e
*a 7/ &/79 1600 23.8 8¢ 10,4 O a9, Oe 610 O 358, e
*n 7/ a/79 1700 23.4 8,4 10.6 O q1S, (1Y 59S. Oe Ja9, e
*a 7/ 4/79 1800 23,4 8.4 10,6 12. 414, 17, $92. 6, 348, e
*n 7/ G/79 1900 23,4 8,4 105 10 ace, 14, 610. Se 356, =»
*e 7/ 8779 2000 19,6 8.8 10,5 11, 4&00, 1S, S73. Se 338, e
7/ /79 2100 7.0 8,6 10,3 10, qade, 1S, 0S2. Se 383, e
2t 7/ /79 2200 19,9 8.6 10,3 10. al6. 15, 63S. Se 373, L]
*% 7/ 4/79 2300 20,5 8.5 103 11 /40, 16, 63S. 1Y 373, LAl
w7/ 4/719 2800 17,6 8.7 10.2 11e 438, 16, 643, Y8 377, L1

AR AR R AN AR AR AR RSN AR RO N AN AN AN RN ARAN A AN ARAARARAREANAARAAN IR AR ANRASRRAIANRAARANAAN
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..Q..'...'..l'.'....'.'."I-'.t.'I.....'..t.......'l'.t.ﬁ.....t...'...t.'........Q..

(1] HOURLY DATA 1)
T DRY STACK GAS CONCENTRATION bl
(1] 1)
L] 02 ca2 co NO co NO co NO "
1 1] LOAD voLx vyoLX PPHY PPMY PPMY PPNV NG/J NG/J "
an  DATE TIME MhTH MEAS MEAS MEAS MEAS 3202 3202 2

.........'..'..........'........'..................."...‘.......'..................
s 7/ 4779 100 7,6 8,6 10,2 30. ao0s, qaa, 589. 16, 3ae, LLJ
rn 7/ a/79 200 16,48 8.0 10.2 34, ais, a9, 603, 18, 354, "
o T/ Q4779 300 16,7 8.6 10.2 39, q18, s7. 608, 20, 357, LL

e T/ 8779 300 16,7 8,7 10,2 a7, a20. 89, 616, 2S. 362, L
ex 7/ 4/79 S00 $7.0 8,7 10,1 $S. az22. 81. 620, 29, 364, e
te 7/ Q7719 600 17,0 8.8 1041 62, aga. 9. 624, 33. 360, okl
*% 7/ Q779 700 17,3 8.8 10,1 64, 423, 95, 626, 34, 367, LA
e 7/ a/79 800 17,3 8,8 10.1 67, a19, 100, 621, 36, 364, LL)
w7/ a/719 90 17,6 8,8 10,1 67, 418, 100, 619, 36, 363, ae
*2 77 G/79 1000 17,9 8.8 1041 68, Aat6. 101, 61S. 36, 363, e
s 7/ Q/79 1100 16,8 8,7 10014 49, az22, 712¢ 619, 26, o3, e
sn 7/ /719 1200 21,1, 8.6 10.3 6, q27, 8, 621, 3. 365, L1
*s 7/ 4/79 __ 1300 23,48 8.6 10,8 0. a37, 0. 636 0, 373, LLY
*e 7/ 4/79 1800 26,4 8.6 10.48 0, aaa, 0. 6436, 0, 379, e
a7/ 87719 1500 24,9 8,06 10.3 [ 1Y a4, O 617, 0. 362, LA
ae 7/ 8779 1600 23,8 8,06 10.8 Oe a19, O 610. [ 1Y 358, LA
*s 7/ Q/719 1700 23.6 8.4 10,06 0o a1S. 0. 595, 0. 349, Ll
an 7/ Q/79 1800 23.4 8.4 10,6 12, a4, 17, 592. 6, 348, ne
e 7/ 4/79 1900 23,4 8,4 105 10, 426, 14, 610, 5. 358, L1
ee 7/ &/79 2000 19,6 8,4 10,5 11, 800, 15, 573, Se 336, at
as T/ G779 2100 |7.6 8.6 10,3 10e qQas, 1S5, 652 Se 383, LA
*a 7/ &/79 2200 19,9 8,6 10,3 10 a3e, 1S, o35, Se 373, ew
*e 7/ 87719 2300 20.5 8,5 10.3 1. ado, 16, 635, be 373, bl
en 7/ 47719 2800 17,46 8.7 10,2 11le 438, 16, 603¢ 6 3717, e

Q..'Q'-......'.l..".Q'......'.i.....'.........'ﬁ'.....l.'..ll'.!....'l.‘.llt.'.....

KVB11-6015-1224

144



......Q...'...'.i.'.......'..".'.......Q'..Q.....'.."..".......'.Q.....t...t....l

e MOURLY DATA e
e ORY STACK GAS CONCENTRATION e
a8 R
. 02 coe o NO co NO co NO e
" LOaD viLY voLx PPMY PPMV pPPMY PPNV NG/J NG/J 'Y
L] DATE TIME mMWTH MEAS MEAS MEAS MEAS 3202 3x02 LA
ERNRER AR AR AR AN SRRt R E RN AR AR AR AR R R QAR ARG AR AR ARARARRRRARARARRRARRARREOARRAERARGR
ta 7/ S/779 100 17,6 8,7 10.2 12 a4, 18, 656, 64 38s, Lh)
*e 7/ S/719 200 17.6 8.7 10.2 12e q4a7, 18, 656, 6, 385, LA
*a 7/ S/79 300 17,6 8.7 10.2 13, a48, 19, 657, Te 38e, L1
% 7/ S/718 a00 17,6 8.7 10,2 13, Que, 19, 657, 7. 3Re, ae
*& 7/ S/79 500 17,6 A.8 1042 13, a4z, 19, 6Sad. Te 3bda, L} ]
*e 7/ 5779 600 16,7 8.8 10,2 18, aaq3, 27, 655, 10, 185, 1]
e T/ §/79 T00 16,7 8,7 10.2 20, asa, 29. 666, 10, 3o, e
e 7/ S$/779 800 16,7 8,8 10,2 21. 460, 31, 6R0. 11, 00, e
a7/ S/719 00 20,2 8,5 10,0 22. 30, 32, 621, 11. 364, L
*e 7/ S/719 1000 26,4 8.3 10,6 13. 518, 18, 73S, (19 a3e, LA
*n 7/ S/719 1100 20,4 8.1 10,8 12. 529, 16, T40. 6, 43s, L1
24 7/ 57719 1200 23,4 8.7 10.% 14, al2,. 21. 604, 8, 155, e
en 7/ S/719 1300 23.a 8.5 10.8 14, 392, 20, S6b. Te 332, L1 ]
e 7/ $779 1800 23,2 6.3 10,6 13, 388, 19, 551, 7. 324, (L]
“s 7/ 5779 1500 23.4 8.2 10,0 13. 378, 18, S32. 6 312, LA
*% 7/ S/79 1600 23,4 8.2 10,5 11, 381, 16, 536 6 315, =
e 7/ S/719 1700 23,4 8,2 10.5 10, 377, 14, 532. Se 312, e
w7/ $/79 1800 23,4 8.2 10,5 9. 372, 13, 52Se Se 308, (13
" 7/ S/79 1900 23.4 8.2 10.S i1, 381, 1S. 538, S. 316, e
" 7/ 57719 2000 20,5 8.3 10,8 16, 356, 23, S06. 8, 297, LA
tn 7/ S/19 2100 19,6 8.3 10,48 1S. 37s. 22, 53S. 8, 314, e
e 7/ S/19 2200 19,0 8,2 10,8 17, 367, 24, St18. 9, 304, L 2]
se 77 S/719 2300 19,3 8,4 10,2 17, 371, es, S31. 9, 312, "
*a 77 57719 2800 19,0 8,4 10,1 19, 37, a7, 538, 10, 316, e

CRARRR AR R AR AN AN N AR RN N CER AR NP R R R AR R AN R A AR AR AR AN R N AN CA AR P RAN RN ARG RARORARNNDAN
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ARRERRANARAARR AP AARARAARARARAANARRARNANRERRARARNAFARAAR RN R ORRANRANRRASAQANSRRQdRatn

(1] HOURLY DATA "
e DRY STACK GAS CONCENTRATION e
(1] LR ]
L) 02 co2 co NOD co NQ [o4] NO e
e LOAD VOLY VOLX PPMV  PPMY  PPMV  PPMV  NG/J NGZJ =
a%  DATE TIME MwTH  MEAS  MEAS MEAS  MEAS 31202 3%02 "

AR RANRE NN R ARNNA R AR AR AR N AR S AN AR RNRRRANARANRE AN RAAAR RN A NARARNAAN QAN R RR AN RANS
ax 7/ 8/79 100 19,0 8.4 1042 19, 375, 28, S38. 10, 3le, e
o T/ 6/79 200 19,0 8,5 10,0 20, 3éa, 3o, 555. 11, 32s, L)
sn T/ /19 300 19,3 10,1 a3, 380, 33, Saa. 12. 319, e
ae T/ &/79 800 19,8 10,0 2e, 383, 35, 552, 12, laa, e
*e T/ 6/19 500 19,0 10,1 26, 375, 37, 538, 13, 31e, e
ex 7/ &/19 600 19,0 10,0 28, 375, 40, Sait, 14, 318, ar
ne T7 &/79 700 19,3 10,2 31, 368, a5, S27. 16, o9, Lo
we T/ 6779 800 19,3 10,1 a0, 360, S7. Sit. 20, 300, #¢
s T/ 6/79 900 21,1t 10,3 i1. 362, as, 519, 16, 30S, L

an T/ 6/79 1000 24,9 10,5 13, 37a, 19, Sai, 7. 37, "
e T/ &/79 1100 25,8 10,5 i1, 372, 16, 532, (18 313, L]
ax T/ 6/79 1200 29,3 10,6 12, 379, 18, Say, 6, 19, 1
wa T/ 6779 1300 27,5 10,5 13, 378, 19, Sa2, 7, 318, #»

10,5 14, 181, 20, Sas. T. 320, tn
sx T/ 6/79 1500 27,0 10,5 19, 382, 27, 552, 10, 32a, e
an T/ /79 1600 25.S 10,4 19, o0, 28, S7Ta, 10, 3139, =«
an T/ 6779 1700 23,7 10,6 19, 409, 26, s17,. 9 339, aw
ae T7 6779 1800 22,3 10,5 20, ait, 28, S84, 10, 343, L]
*e 7/ 6779 1900 22,3 10,5 21, 412, 29, 58S, 10, 343, *n
o T/ /79 2000 22,3 10,5 26, 380, 36, Saog, 13, 117, LA
an T/ 6779 2100 22,8 10,5 22, 205, 31, ST1. 11 335, LA

ae T/ &/79 2200 21.1
an 77 6779 2300 19,3
e 77 6779 2600 18,8
ABARNANANRANSRANLERNGRNERGRAR

10,5 23, 306, 3e. St12. 12. 336, L3
10,2 Se 390, T. 563, 3, 33, La]
10,2 29, 384, 82, Ssa, 15, 326, a¢

o
o3
o
oS
o
3
]
]
o
«d
&
R
.s
o5
2
3
»3
o3
.z
o2
.5
.5
RN ANRAR R R AN AR R RN R R ARG AR RS AR NN RARRARAE R GRANATRAARAREY

e
8
8
8
8
]
8
8
8
8
8

en 77 6/79 7 ta00 27,8 8
8
8
8
8
8
)
8
8
8
8
*
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ARRRANARAEARARNAAARACARQRRNRERRARRAARRANRARSAANRRAEARAANCRARNAANAAANNAAARRARQARNRNRAQARRARS

e HOURLY DATA "
e DRY STACK GAS CONCENTRATION e
L ] ] (13
L1 02 coe co NO co NO co NO e
e LOAD VOLXY VvOLY PPMV PPNV PPMV  PPMV  NG/J NG/ e
" OATE TIME mMWTH MEAS MEAS MEAS MEAS 31X02 3x02 "

ARRRARARRAQRARA AR ARQRRNQARE AR AR AARCANRARANRRANNAPARARARARARACRQACARNENARQRRAARaRAREN
ee 7/ T/79 100 18,2 8,06 10.2 32. 381, a7, SSa. 17, 325, LA
o 77 /19 200 18,8 8.6 10,1 35, 383, St. SS8. 18, 328, e»
w7/ /79 300 18,5 8.6 10,1 39, 380, S6. 553, 20, 325, 11
e 7/ 17719 400 t8,.S 8.6 10.1 a2, 7. 6t, 8549, 22 322, LA
e 7/ 7779 So0 18,2 8,6 10,1 4S. 38e, 66, S61. 24, 330,
ew 7/ 77719 600 18,2 8.6 10.1 9, 8¢, 72. So1. 26, 330, L1
' 7/ 77719 700 18,8 8,6 10,1 S2. 39s, 76, $71S¢ 27, 338, LA

e 7/ 1718 800 18,8 8.5 10,1 Sé, 389, 81, Set. 29, 330, ey
s T/ 77719 900 18,2 8.5 10,1 58, 383, 8a, 554, 30, 328, L4
e 7/ 7779 1000 17,6 8,5 10,1 62, 178, 90, Sae, 32, 321, e»
o 77 /79 1100 21,1 8,5 10,2 Seé, 400, a1, 5718, 29, 339, L1
ea 77 1779 1200 21,1 8,5 10,3 a8, a0a, qa0, S58a, 14, sa3, L
wn T/ /79 1300 21,1 8.5 10,3 23, a06, 33, S8e, 12, 3aa, bdol
ae 77 7779 1300 21,1 8.6 10,3 21, "ao8, 30, S9a, 11, 349, en
aa T/ 17719 1500 21,1 8.5 10,3 21, 373. 30, $39, 11, 36, e
e 77 7778 1600 |°o° 8.6 10,3 21, 393, 3o. S72,. 11, 336, e
ws T7 7719 1700 18,8 8.6 10,3 20, 383, 29, 558. 10, 328, L1
e ,, 7/1’ 1800 IU.S '.6 lo.a 19. 313. 20' s“!l 10, !l’. L)
se T7 7779 1900 19,3 8.6 10,2 19, 370, 27, 538, 10, 316, L
ee 77 7779 2000 19,3 8.3 10,8 25. 157, 37. S12¢ 13, 300, an
re 77 7779 2100 18,8 8,S 10,3 23, 371, 34, S36. 124 318, L
v 77 7779 2200 18.S 8,5 10,3 2S. . 36, S35, 13, 314, L
L] ] 7’ ',79 2300 IO.Z e.s 'o.’ 21. 3,3. }q. 536. la. 3'6. L1
e 77 7779 2800 18,2 8,6 10,2 3o, 382, a4, 556, 16, 32¢, L)
ARAAER AR N AR ARNRARARARAR R AR AR RN AR ARRAANRERAAARARRARRNRAARARRORANRNAACARNARARAQNAR AR RANAS
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BERARRAAR AR R A AR AR AN AR R AN R AN P AR AR A AR DA RN R RN NN R ANER AN PR AN R OR NN ARRAR A NN PANRR AN RRANE

' HOURLY DATA T
T3 DRY STACK GAS CONCENTRATION (T3
an [ 1]
1] 02 coe co NO co NN co NO "
e LOAD VOLX vOLX PPMY  PPMV  PPMV  PPMV  NG/J NG/J e
sa  DATE TIME wMWTH MEAS MEAS MEAS MEAS 3202 3202 *n

....'..........'.'..'..'..........".....'..............'.....'....'..'.'....'......
en 7/ 8/79 100 19,3 8,8 10,0 32, 390, a7, $784 17. 339, .t
" 7/ 8779 200 18,8 10,1 38, 387, 5S. S73. 20, 33e. ne
te 7/ 87719 300 18,2 10,1 44, 389, 6S, S57S. 23, 338, L L]
*e 7/ 8/79 400 18,2 10,0 St. 3aa, 76, 569, 27, 33¢, *h
*e 7/ 8779 $00 18,2 10,0 g9. 38a, 88, SeA, 31, 3133, Lo
" 7/ 8/79 600 18,2 67, 382, 99, 56S. 35S, 331, L)
te 7/ 8/79 700 18,2 10,0 T1, 38s, j06, ST0. 38, 334, e
we 7/ 8/79 800 18,5 10,0 74, 386, 110, S70¢ 39, 338, L
ne 1/ 8/719 900 15,2 9,7 78, 37e, 118, ST1e a2, 338, e

(X E-X- N N- K N K- N
.

N DO O®
-
(-2
.
(-]

e 7/ 8/79 1000 15,2 9.6 8a, 369, 129, S6S. a6, 331, L)
s 7/ 8779 1100 15,2 2 9.5 9. 373. 137, 57t a9, 33e, e
e 7/ 8779 1200 15.2 o0 o0 0. 0. 0. 0 0, 0, Ll
e 7/ 8/79 1300 14,6 9.1 9,7 17, 371, 117, S63. 2. 331, L1
re 7/ 8779 1000 14,6 o0 9,5 30, 9, F{- 1% 8e 9, q, L]
s 7/ 8/79 1500 14,6 8.6 9,6 39, 380, S8, Se2, 2. 330, e
st 7/ 8779 1600 17,6 8.4 10,1 38, 376, 54, 538, 19, 31le, LA
" Y/ 8779 1700 19,6 8.3 10,0 29, 3715, a1, 533, 1S, 313, e
ax 7/ 8779 1800 20,2 8,2 10,0 eS. 380. 35, 536, 13, 314, L1
e 1/ 8779 1900 19,3 8.3 10,0 22, 380, 1. Sa0. 11, 37, bkl
o8 7/ 8/79 2000 19,0 8,3 10.0 22. 380, 1. Sao0. 11, 37, L1
*n 7/ 8779 2100 19,0 8.3 10,0 24, 382, 3a. Sase. 12, 319, L4
e 7/ 6/79 2200 19.0 8.4 10,0 a8, 279, 80 400. 14, 235, w»
ae 17 8/79 e300 18,8 8.3 10,0 29, 278, a, 395, 1S, 232, LL
»e 7/ 8779 2400 18,8 8.3 10,0 3o, 2631, a3, 399, 15. 234, L1
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" HOURLY DATA [T
L 1] DRY STACK GAS CONCENTRATION (1]
L ] ] L 1]
(L) 02 co2 co NO co NO co NO e
L4 LOAD voLX voLZ PPMY PPHY PPMY PPMV NG/J NG/J Ldd
L] ] DATE TIME MWTH MEAS MEAS MEAS MEAS 3%02 3202 Lo

............'....'..'....'..'....................'..................'...............
an T/ 9/79 100 18,8 8.5 9.8 30, 387, a3, 559, 1S, 3Jes, L1
*e 7/ 07179 200 16,8 8.5 9,8 35. 392, Ste 566, 18, 332, e
*e 7/ 97719 300 18,8 9,8 37. 388, S3. SSe. 19, 3200 e
ae 77 97719 400 18,2 9.8 as, 387, 64, $s8a. 23, 3és. LA
sa 7/ 9/719 500 17,9 :-: 52 387, T4, 554, 27« 3125, e
)
9,8

VYV RV RPNV RNV RV RV RV D W b N ' RV IR
-
©
L ]
(v ]

e 7/ 97719 600 17,6 Se, 387, 81, $59. 29, 328, Ll
o 7/ 9779 700 18,2 6S, 3190, 93, 111 33, 328, e
an 7/ 9779 800 20,2 10,0 70, 397, 99, 560, 35. 329, [ 3]
a8 7/ 97719 900 23.4 10.4 0, 3ee. 0. aaa, 0. 260, e
e 7/ 9/719 1000 18,8 10,3 S9, 388, a7, S65. 31, 33'0 bl
e T/ 9/79 1100 18,2 10.5 S6, 382, 80. Sa7r, 29, 321, Ldo)
e 7/ 97719 1200 16,8 10.6 s2. 38t, 7S. . Sas. 217, 320, LA
e 7/ 9779 1300 17,9 10,5 72. 362, 104, S23. 37, 307, LA
s T/ 9/79 1400 17,6 7. 357, 131t St16. a0, 308, L4
*e 7/ 9/79 1500 17.6 10.5 7. 359  112. 518, 0. 304, a
a8 7/ 9/719 1600 17,6 10,5 82, 354, 118, S12. a2, 300, L]
e 7/ 9/79 1700 17,9 10,6 97. 3s2. 140, S0S. S0. 2%, e
e 7/ 9/79 1800 17,9 10,5 110, 353, 159, S10. $7. 3oo0, "o
e 1/ 97719 1900 17,6 10,5 122, 358, 176, S17. 63, 304, bkl
e 77 9779 2000 17.6 10,5 127, 348, 184, So2. b6, 298, e
e 1/ 9/79 2100 18,2 10,5 128, 336, 185, ans, 66, 28s, LA
*n T/ 9/79 2200 18,8 10,5 129, 341, 187, a9, 67, 289, ==
*% 7/ 9/79 2300 18,2 129, 333, 188, a8s,. 67, 285, e
s T/ 9/719 2800 18,8 b 10,8 129, 331, 187, 482, 67, 283, Lo
ANNRRARN AR R AR RN R R AR PANRQPEARRRRRARRPANANARARNRARANRRNASAARNRARNARNRRARANCARAQARGARORAQARNQER
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" HOURLY DATA e
e ORY STACK GAS CONCENTRATION e
L 1] [ X}
ns 02 coe co NO co NO co NO (1]
1L LOAD vOLX VOLX - PPNV  PPMY  PPMY PPMVY  NG/J NG/J 1
a%  DATE TIME MwTH MEAS MEAS MEA3  MEAS 3X02 3%02 e

AR R AR AR R AR AR AR IR A AR A AR AR AR AN AR R AN PR A AR NARR AR AR RO R R AN RO RN RS
*e 7710779 100 38,5 8.7 10,3 129, 327, 190. 480. 68, 282, e

e 7710779 200 18,5 8,8 10,2 129, 326, 192, ass, 68, 285, e
ex 7710779 300 18,8 8.8 10.1 130, 328, 193, a8s. 69, 285, LA
ne 7710779 a00 18,8 8.8 10,1 132. 328, 195, a8sS. 70, 28s, e
o 7710779 500 18,8 8.8 10.1 133, 339, 196, S02. 70, 29s, e
ex 7/10/79 600 19,06 6.8 10.0 136, 371. 201, Sa9, T2 322, LA
et 7710779 700 19,8 6.8 10,0 140, 383, 207, Se7. 74, 333, "
*s 7710779 800 23,4 8,7 10,1 129, 390, 189, $72. 67, 336, LA
ax 7/10/79 900 23.4 8.8 10.2 o6, 807, 98, 603. 31S. 3sa, LA
e 7710779 1000 %8,9 8,1 10.9 8a, ad7, 118, 580, az, qao00, LA
ax 7710779 1100 S0.4 8.2 10,9 81, 560, 114, 789. at. as64, LA
*x 7/10/79 1200 S0.8 8.3 10.8 53, S77, 76, 820, 27, qei, L
*2 7/10/79 1300 50,8 8.3 10,7 S4, 583, 76, 829, 27 a8e, e
*t 7710779 1400 S0.8 8.3 10.7 67. 580, 89S, 82S. 313, a8a, e
tx 7710779 1500 80,8 8.3 10,7 65, Séo, 93, 824, 31, 484, e
ar 7/10/79 1600 82,7 8.2 10,8 67, S81. 95. 818. 34, 8o, e
an T/10/79 1700 85,1 8.1 11.0 72, 590, 100, 82S. 36, 484, [ 3]
*x 7730779 1800 S5, 8.4 10,7 72, 587, 103, 8ag. 37, 493, LA
*e 7/10/79 1900 85,13 8.8 10.3 72, S71. 107, 84aS. 38, a9, "
*® 7710779 2000 55,7 12.8 5.7 66, 1s7. 138, 752. a9, aay, bl
e 7710779 2100 8S,.1 14.5 3.0 63, 253. 177, 107, 63, a1s, LA
" 77107719 2200 39,3 ) o0 0. 0. 0, Oe 0o 0, LA
rx 7/10/79 2300 o0 o0 0 0, 0. Qe O O ¢, e
*a 7710779 2400 «0 0 ) 0. 0 O [\ 1Y Ge 0, "
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(1] HQURLY DATA "
e DRY STACK GAS CONCENTRATION [T
*e L K ]
L 02 coe co NQ co NO co NO "
L1 LOAD vOoLX voLX PPNV PPNV PPMY PPV NG/J NG/ J L
L1 OATE TIME MWTH MEAS MEAS MEAS MEAS 3X02 302 .
..........-........l...'........'.‘..........Q‘...........‘....t.....'l....‘.......‘
se 7/11779 100 «0 0 0 0. 0. 0, [ 5% 0, 0, e
e 1/11/79 200 «0 o0 0 0, 0. Qe 0. Oe 0, e
e 7743779 300 «0 »0 o0 0, 0. 0. 0. 0. 0, o
e 7713779 a00 o0 o0 o0 0, 0. 0. Ge 0. 0, e
e /14779 S00 0 0 0 [ 1Y 0. 0. [ Y Qe 0, "
*e 1/38/779 600 «0 o0 o0 0. 0, [ 1% [ O 0, e
o 7/11/79 T00 «0 o0 0 0. 0. [ I [ 1 0. 0, Ll
*s 7/31779 800 «0 o0 o0 0 0. O¢ [ 3 0 0, e
M 1/11/779 900 0 o0 «0 0. 0. 0o (N} 0, 0, L L]
e /11779 1000 a8, Te® 11,5 1.,  ass, 97. 430, 35. 370, ws
*x 7/11/79 1100 a8,6 7.9 1.6 71, @60, 97, 633, 35, 372, #»
e 7718779 1200 a8,6 7.8 1100 70, ars. 9s, [ 1.1 34, 379, L)
e /13779 1300 ab.0 7.7 11.6 72. asSe%., 98, 623, 35, 360, L3
e 7/11/779° 1400 ad,.8 Teb 11.5 68, asl, 9. 620, 313, 384, "
*e T/14/779 150¢ a9,0 T.7 11,3 68, $20, 92, 7064 33, ata, LA
e 1/14/779 1600 49,8 7.8 11,2 69, §57. 9, 762, 3a, aa7, L1
e 7/11/779 1700 a9,8 Te? 11.1 70. S77. 9S. 782, 34, as9, "
*a /14779 §1800 49,8 7.8 11,1 T6. 552. 104, 754, 37. aa3, kel
o 7713779 1900 80,48 Te? 11.1 79, §56. 108, 78%. 8, aa2, e
e T/12/79 200¢ 80,4 7.8 110 81, s80, 111, 792, 40, a65s, bald
o 7/13/79 2100 a%,.8 8.1 10,7 8a, §7S. 118, 8904, ag, arte, e
" 7/11/79 2200 4a0,4 8.0 10,8 86, 552, 119, TeS. 43, 449, e»
*r 7/13/719 2300 29,3 Teb 111 a8, S36. 118, 721, 2. 423, e

" 7/11/19 2000 20,% 7.7 11,3 69, q63, Qa, 628, 34, 389, "
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e HOURLY DATA 1]
" DRY STACK GAS CONCENTRATION 1]
[ ] ] [ 1]
" 02 co2 (41} NO co ND ¢o NQ "
L1 LOAD voLg VOLX _ PPMY PPMY PPNV PPuyV NG/J NG/J (13
st DATE TINE MwTM  MEAS MEAS MEAS MEAS  3X02 3%02 L4

l.ti..t.'l"t.!tt'.ﬁ‘...l.t.it.'...i.."l.'tltl....'tt.!tIt..'l.'lﬂ.lttl..'.ii.t.ttt
e 7/32/79% 100 17,9 8.5 10,0 89, 39, 129, Sa8, a6, $3¢, e
ae 7/712/19 200 17,9 8.2 10,3 90, 389, 127, Sa8. 86, 32¢, e
o T/12/79 300 19,3 8,2 10,3 9. 397, t128, $59, a8, 328, '
ot T/712/779 200 19,6 8.0 10,5 92. q01, 128, $86. 8%, 326, L1
 T/32/79 S00 19,6 8,0 10.5 94, 399, 130. $Sa. a7t, 32s, e
ae 7712779 600 19,9 7.9 10,5 95, 393, 131, %33, ar, !‘9. L 1]
*e T/712779 . TO0 21.1 T7T 10,7 97. 392, 132, S32, ar, 312, e«
e 7712779 800 49,2 9.1 9.7 8o, 3290, 131, 488, a7. 285, LA
an T/42/79 900 09,8 T.7 11.3 69, q63, 94, 628, saq, 369, "
" 7/12/79 1000 49,8 Te? 112 68, ala, 93, S89, 33, 348, an
an 7/12/79 1100 a9,S TeT 11t 70, aSa2, 95, 613, 34, 360, e

am 7712779 1200 49,2 o0 «0 0o [ 1Y 0. O 0. Q. bdd
e T/712/779 1300 aS5,7 Teb 11,3 1. ass, v6, 806 1, 356, bl
e 0/ 0/79 0 o0 o0 o0 0. 0. 0. e O 0, ¢
o 9/ 0/79 [ ] 0 o0 o0 | 0, 0. Oe O¢ 0, bk
fe 0/ 0/79 0 0 o0 o0 0. Oe 0. Oe O 0. e
e 0/ 0/79 0 0 o0 o0 Oe 0. 0. De 0. 0. e
ae 0/ 0/79 0 o0 o0 o0 0. 0 0, Oe O, 0. L
e 0/ 0’7’ 0 .o -0 |° 0. o. °l o. °l 0. an
o 0/ 0779 9 0 0 o0 Qe O 0. O 0, 0. e
" 0/ 0/79 0 o0 o0 o0 0. (1% 0. Oe O, 0, e
e 0/ 0/79 ] «0 o0 «0 e [ 19 G Oe 0. 9, e
e 0/ 0/79 0 0 o0 0 [' 0. 0, Oe Ge 0, ok
% o/ /79 0 00 o0 «0 [ [ 1Y 0. O Oy o, LA

'....'....l.....'....."......Q....l.'l....Q...Qﬁ...l...'!.l.....'.'.‘t.'lt.Q..'...'

SFIN
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APPENDIX F

SUMMARY OF PREVIOUS TEST DATA
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The results of gaseous emissions tests conducted under a previous
EPA program are presented in Table F-l. These tests were conducted under
Contract No. 68-02-1074 and the results are reported in EPA-600/2-76-086a.
The data presented herein were used to establish the baseline emissions for

the boiler at Site 3.

At a load of 14.7 MW (130,000 lb/hr steam flow) the average NO
emissions were 456 ng/J (777 ppm, 3% O2 dry).

Table F-2 presents a summary of the coal fuel analyses from the

previous tests.
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TABLE F-l.

SUMMARY OF GASEOUS EMISSIONS AT SITE 3

PULVERIZED COAL FIRED BOILER

{Data was taken during EPA Contract No. 68-02-1074.)

Nominal Steam 0 co
Date Load 2 2 NO* co*
1974 MW K lb/Hr. Percent Percent ng/3  ppm ng/J ppm
12-5 14.9 132 7.3 12.7 474 775 0 0
12-5 7.5 66 7.2 11.9 495 809 4] 0
12-5 14.7 130 7.7 11.5 48D 785 o 0
12-9 14.7 130 7.4 11.9 468 765 0 0
12-9 14.7 130 7.4 11.8 478 782 0 o
*Corrected to 3% C)2 Dry
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TABLE F-2. SUMMARY OF COAL AND ASH ANALYSIS
FROM SITE 3

(Samples were taken during EPA Contract No. 68-02-1074.)

ULTIMATE ANALYSIS

Percent by Weight, As Received

Stream Run Carbon Hydrogen Nitrogen Sulfur Ash OxygenE/

Coal 169-3 62.95 5.16 0.85 1.28 10.78 18.98

a/ By difference.

PROXIMATE ANALYSI1S

Percent by Weight, As Received

Heat of

Volatile Fixed Combustion
Stream Run Moisture Ash Matter Carbon Sul fur (Btu/1lb)
Coal 169-3 6.85 10.78 38.26 44.11 1.28 11,136
Bottom
Ash 169-3 1.42 92.44 6.11 0.03 0.56 a/
Fly
Ash 169-3 0.06 99.14 2.03 a/ 0.22 82

8/ Ash gained weight due to high iron content.
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