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1.0 Introduction

Lone Star Industries was interested in obtaining reliable sulfur
dioxide emission rate data within and from a precalciner kiln under
normal operating conditions to determine an overall sulfur mass balance
on the flue gas conditioning equipment typically used for particulate
emissions control. The assessment was conducted_at Lone Star's Cape

Girardeau plant located in Southeast Missouri.

The precalciner kiln at Cape Girardeau is equipped with a bypass
system which is periodically operated to control the alkalii concentration
in the kiln. Gases drawn from the feedend 6f the kiln are quenched with
ambient air prior to conditioning by a baghouse dust collector. The
major portion of the combustion gases exiting the kiln proceed through
the érecalciner tower and are then quenched by water spray before entering
an electrostafic precipitator (ESP) from which they are vented to the

atmosphere.

Measurements of the sulfur dioxide at the inlet and outlet of the
two flue gas conditioning systems were made as well as analysis of the
feed material, clinker and recovered dust samples. This report covers
the presentation and discussion of the sulfur dioxide test results cbtained

by KVB during a one week program conducted in October 1983.




2.0 Summary of Results

KVB, Inc. has conducted an assessment for Lone Star Industries at
the Cape Girardeau plént to determine the géseous sulfur levels at various
points in the kiln exit gas flow path during a one week program conducted
between Octobef 11 through October 14, 1983 by KVE's Eastern Engineering
staff. This effort was part of an overall investigation to determine the
differential in sulfur dioxide (SO,) concentrations across the conditioning
tower-Electrostatic precipitator (ESP) nefwork and the kiln bypass system.
The results from the KVB testing were required to calculate an overall
sulfur mass balance on the two exiting gas paths. A process schematic of
the Cape Girardeau facility appears in Figure 1. The location of the

gaseous monitoring and velocity traverse testing points are indicated.

The program was designed to obtain SO, emission rates before and
during operation of the kiln bypasé system. The first test efforts were
dedicated to cbtaining data on the gonditioning tower-ESP network while
the bypass system was inoperative. This was followed by a two day in-
vestigation of the S0, concentration diffe;ential across the Bypass
baghouse. Finally, an effort to profile the 504 distribution at the kiln
exit was made which was beyond the scope of the initial program format
to investigate how representative the composition of the gases entering
the baghouse was relative to the gases entering the tower. Table 2

summerizes the schedule and the activities conducted under each condition. -

With the bypass system off, the 805 concentration differential
across the conditioning tower was measured and the mass flow rate was
calculated using estiﬁates for meoisture and molecular weight. Stratifi-
cation and test port acessability at the conditioning tower inlet may
have jeopardize how representative the single point measurement was and
therefore certain qualifications of the data are necessary and are discussed
in Section 4. The average measured S0, flowrate into the spray tower
was estimated to be 265 pounds per hour (lb/hr) with an average concentration

of 3%. The corresponding ESP outlet 50, mass flowrates measured at the




stack averages 178 lb/hr with an average concentration of 135 ppm at
3% 05. These results indicate a decrease in SO, concentration of approximately

32%.

Once the conditioning tower-ESP network testing was completed,
the bypass system was operated and S0, measurements across the baghouse
were taken. The quench air dillution of approximately 8:1 reduced the
502 concentration in the bypass system was undetectable. Measured results,
based on the velocity traverses and gaseous monitoring indicated an average
range at the baghouse inlet and outlet of 35-100 ppm. A differential in
the S0, concentration across-the baghouse was undeterminable. Table 2
summerizes the measurements obtained and the cenditions prevailing for the
four locations tested in the ESP and baghouse flow paths. A description
of the test procedures is contained in Section 3 followed by a discussion

of the results, Secticn 4.

The final day of testing was dedicated to attempting to measure
the kiln feedend gaseous'compoéition. Again soz, nitric oxide (NO),’
carbon monoxide (CO) (in ppm) and oxygen (02) analysis were conducted
using the KVB mobile iab sampling network. Although extended monitoring
could not be maintained, some insight into the effectiveness of the recently
installed shelf (or kicker plate) and the ektent of the reducing atmosphere

caused by a coal mill fineness problem were cbserved.

This report includes the presentation, discussion, and documentation
of the test efforts conducted by KVB. A Lone Star analysis of feed
meterial, clinker, and dust samples taken during the testing activities.
Summary tables of test data obtained during prior KVB testing at Cape

Girardeau have also been included as an Appendix to the report for reference.
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TABLE 1 LONE STAR INDUSTRIES ~ CAPE GIRARDEAU
TEST SCHEDULE
OCTOBER 1983
BYPASS KILN PROD
DATE SYSTEM SAMPLED LOOP RATE (TPH) TESTING ACTIVITY
10/11 Set-up and
Preliminary Testing off 224 Gaseous Monitoring
10/12 Conditioning Tower Gaseous ’nitoring
and ESP Off 219(1) Velocity Traversing
10/13 Bypass Baghouse On Gaseous Monitoring
(502)(3). 220(2) Velocity Traversing
10/14 Kiln Exit On 224 Gaseous Monitoring
NOTES

(1) Coal feed upset at 17:15 in precalciner

(2) Kiln upset - load reduced umtil 10:00 AM

(3) Bypass shut down for ~10 minutes at 16:40




TARLE 2 LONE STAR INDUSTRIES -~ CAFE GIRARDEAU 0CTORER 1983
SULFUR DIOXIDE MATERIAL BALANCE
KILM ESF AMD BYPASS STREAMS

LOCATION ESF INLET ESFP OUTLET RYFASS IN EYFASS OUT
CCOMD TOW) (STACK) (AFTER (AFTER
QUENCH FaN)> II FAN)
IATE 10712 10712 : 10713
TEST PARAMETERS
UCT DIA. (FT) 2.0 10.0 40
AREA (FTt2) 63.42 78.54 15.90
¥ TRAVERSE FTS 24, 12, : 24.
# TRAVERSES AVGLD. 2. 1. 1.
TEST CONDITIONS
FITOT FACTOR 0.84 -0;84 ' 34
STATIC PRESCIN H20) -0.42 ' -0.32
ARS. PRES (IN HG) % 29,462 29,353 2.7
% MOISTURE xx 9.0 17.0 ' 2.0
GAS MOL. WT. Xxx 29.7 2%9.9 : 27.1
AVG TEMP ( F) 678, 252, 458. 282.
AVG A FRES{IN H20) 1.90 0.563 0.17
AVG %02 MEAS 3.7 ' D7 19.4 19.53
TEST RESULTS
AVG VELOCITY (FFS) 112.4 92.0 29.0
AVG ACFH 429800, 245000, 27700,
AVG DSCFH # 189000, 155300, 173CC.
GAS AMNALYSIS DRATA &%
S02 FPM B3X02 AVG 202, 135, 30-1¢0 39—~97
502 LB/HR AVG 245, 178. 0.9 0.7
802 GM/SEC AVG 34 22, 0.12 0.12
AVG DECREASE :
ACROSS SYSTEM (%) %% 32. NA

¥ COMFENSATED FOR ELEVATION. BAR. FRES 29,92 IN HC
X% ESTIRATED FROM FROIR TEST IATA 10/81
xx% CALCULATED FROM MOISTURE AND' CO2 ESTIMATES WITH MEASURED 02

$ STANDARD CONDITIONS 29.92 IN HG AND 22 F,

$#3 BAGED ON QUTLET VELOCITY TRAVERSES CORR. RY 02 HEASUREMEN
(S02 FFM VALUES AVERAGED OVER EMTIRE TEST FERICD - TARLE 29

$3¥ CALCULATED FROM { (IM-QUTXIMN ) X 100




3.0 8ampling Procedures and Instrumentation

The main focus of the program was to obtain sufficient data within
the kiln-baghouse-ESP system for the formulation of a sulfur balance.
The sulfur dioxide (802) concentration delta across the kiln bypass dust
collector (baghouse) and the delta across the conditioning tower-gSP

system was an integral part of this investigation.

. In order to obtain the required data, KVB supplied and operated a
mobile instrumentation van to continucusly analyze samples drawn from various
Points in the kiln exit gas flow path. Volumetric flowrates were also re-
quired to convert the measured flue gas censtituent concentrations in volu-

metric parts per million into mass flowrates in pounds per hour. An S-type

_ bitot tube was used to measure the gas velocity in accordance with EPA

Method 1. The gaseous monitoring and velocity traverse locations which

were utilized have been identified in Figure 1.

Details of the traverse points at which pressures and temperatures
were measured to determine the volumetric flowrates at the kiln. stack
(ESP out), bypass outlet and conditioning tower inlet (ESP inlet) sampling
planes are shown in Figures 2, 3, and 4 respectively. The wvelocity traverse

test data was recorded and has been included in Appendix B.

The mobile gaseous analysis van was located adjacent to the kiln
exhaust ESP which contained a sampling conditioning system together with the
oxygen (02), carbon monoxide (CO), nitrogen oxide (NO), and sulfur dioxide
(SOZ) instrumentation. A schematic of the labs instrumentation system is
llustrated in Figure 5. The emissions monitoring system operated by KVB
provided a record of the flue gas constituents at the sampling points nearly

simul taneously.

The data management system in the mobile emissions lab consisted
of an Apple computer, printer, associated KVB, Inc. software programs,
and a CRT screen. Combustion gases concentrations were automatically
recorrecorded at a time interval selected by the KVB operator, nominally

a three minute interval. At the conclusion of the monitoring interval,
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instantaneous and time averaged pollutant concentrations wera provided

on a printout. In addition to recording actual levels of O,, CO, NO,

2
and 505, the pollutant concentrations of NO and 8503 were automatically

corrected to 3% 02_for reference purposes. The screens numberically dis-

Played gaseous pollutant concentrations, both instantanecusly and in one
minute time averages, with an update every three seconds. In addition to
these numberic averages, the screen had a simultaneous display which permitted
any two of the gaseous pollutant concentration trends to be visually presented
on a plot. Updated every three seconds, the plot provided a continuous

trend of the selected pollufant concentrations, over a period of several
minutes. The plot was periodically shifted to provide a display of pollutant
trends for the proceding several minutes. These features allowed thé test
engineer to correlate the effects of process changes on gaseous pollutant

lavels.

The sampling system utilized for gasecus testing is shown in Figure
Flue gas is drawn from the kiln exit through a stainless steel probe.
A sintered metal filter is attached to the front end of the probe to remove
the particulate matter from the gas stream. The filtered gases were then
colled and dried in a moisture condenser maintained in an ice bath located
adjacent to the sampling probe. This sample was then drawn through plastic
tubing into the mobile lab where it was again run through a second moisture

condenser to insure that a dry sample was delivered to the analytical system.

The analytical system consists of the instruments and associated
equipment for simultaneously measuring the composition of the kiln exhause
gés. The analyzers, recorders, controls, and computer monitor are contained

within the KVB, Inc. mobile 1aboratory.

Listed below are the measured gaseous consistuents, the analyzer
model numbers, and the range and accuracy of each analyzer in the system.

A digcussion of each analyzer follows.

e Nitric Oxide
Thermo Electron Chemiluminescent Analyzer
Range: 0-2,5, 10, 25, 100, 250, 1000, 2500, 10,000 ppm NO
Accuracy: =1 of full scale

10




® Oxygen
Teledyne Model 326A Analyzer
Range: 0-5, 10, and 25% 0o full scale
Accuracy: *1% of full scale

e Carbon Monoxide
ANARAD Model AB Non-dispersive Infrared Analyzer
Range: 0-500 and 0-1000 ppm
Accuracy: 1 of full scale

¢ Sulfur Dioxide
DuPont Model 400
Range 0-1000 ppm
Accuracy: #1 of full scale

Each instrument relies upon a different mechanism to determine a
concentration. A brief description of the operation of the instrument
and corresponding specifications are follows:

A Thermo Electron chemiluminescent nitric analyzer was used to

" measure NOx. The operational basis of the instrument is the chemilumi-

nescent reaction of NO and 03 to form NO2. Light emissions results when
electronically excited NO2 molecules revert to their ground state. This
resulting chemiluminescence os monitored output, whlch is linearly
proporational to the NO concentration.

Specifications: Accuracy: 17 of full scale
Span Stability: zx1Z of full scale in 24 hours
Zero Stability: =17 ppm in 24 hours
Power Requirements: 115+10v, 60Hz, 1000 watts
Response: 0.7 sec. (NO mode)
Output: 4-20 ma
Sensitivity: 0.5 ppm
Linearity: *1Z of full scale
Vacuum detector operation
Range: 2.5, 10, 25, 100, 250, 1000, 2500, 10,000 ppm
full scale '

A Teledyne Model 326A oxygen amalyzer was used to determine the
oxygen content of the flue gas sample. Oxygen in the sample gas diffuses
through a Teflon membrane and is reduced on the surface of the cathode.

A corresponding oxidatjon occurs at the anode (internally) and a electrically

modified to give a final output in percent 02 by volume for operating

ranges of 07 to 5%, to 10%, or to 25Z.

Specifications: Precision: *17 of full scale
Response: 907 in less than 40 seconds
Sensgitivity: 17 of low range
Linearity: 12Z of full scale
Ambient Temperature Range: 32-125°F
Power Requirement: 115 VAC, 50-60 Hz, 100 watts
Qutput: 4-20 ma :

11




- Carbon monoxide concentration was measured with a Series Five Model
‘ AB non-dispersive infrared analyzer made by Sensor, Inec. This instrument
measures the differential in infrared emergy absorbed from energy beams
passed through a reference cell (containing a gas selected to have minimal
absorption of infrared energy in the wavelength absorbed by carbon monoxide)
and a sample cell through which the sample gas flows continuously.

Specifications: Linearity: 2.67 full scale
Span Stability: *17 of full scale in 24 hours
Zero Stability: =17 of full scale in 24 hours
Line Voltage: 115%14v rms
Response: 907 of full scale in 0.5 or 2.5 seconds
Precision: =17 of full scale
Output: O0~1 volt
Range: 0-500 and 0-1000 ppm

Flue gas sulfur dioxide (802) concentration was measured with a
DuPont Model 400 Split Beam Photometric analyzer. This instrument utilizes
the selective absorption of a specific wavelength of light energy emitted
by S02 molecules to determine the concentration of this specie in the gas
stream expressed in parts per million (ppm). Measurement and"reference
wavelengths are chosen so that the effects of variations in the concentration
of any contaminants are minimized. . :

Specifications: Precision: 217 full scale
- ' Accuracy: =*17 full scale
‘ Output: 4-20 mADC
Measuring Wavelength: 280 nm
Reference Wavelength: 365 mm
Calibration Filter Absorbence: 0.270
Calibratjon Filter Equivalence: 597 ppm 509 (59.7Z F.S.)

The flue gas analysis data taken during the two week program was printed

and stored by the computer system. Printouts appear in Appendix A,




4.0 Discussion of Results

The main focus of this test pregram was to quantify the éaseous
phase sulfur, sulfur dioxide (s04), at various points in the process flue
gaé'stream while the kiln was cperated with and without the bypass system
in service. Tests were conducted over a four day period, two days before
the bypass stream was activiated and the first two days after the bypass
was in operation. The inlet and outlet 802 concéntrations of the ESP
(including the conditioning tower) and the baghouse were measured. The

locations at which the gaseous monitoring and velocity traverses wera con-

ducted are indicated on Figure 1. Since the scope of the program was constrained

to data acquisition at nominal operating conditions, communications with the
kiln operators was maintained through the Lone Star program coordinators

on-site, Mr. Walter Greer and Mr. Roy Click and with the KVB test engineer.

The discussion of the test conditions and results cbtained during
the program is presented in the following sections: kiln operation, the
conditioning tower - ESP measurements and the baghouse measurements. Con-

clusions and recommendations are presented in Section 5.

4.1 Kiln Operation

The concentration of sulfur in the gaseous phage exiting the kiln-
precalciner system is strongly dependent upon the combustion performance,
excess oxygen levels and the material chemistry. Although a measured 802
differential across the ESP and baghouse systems is not necessarily dependent
upon the magnitude, it is critical that the inlet concentration is relatively
constant in order for the inlgt—outlet differential concentration to be

of value.

The gaseous analysis measurements were obtained through several
hundred feet of sample line between the instrumentation van and the sampling
points and required several minutes to switch to a point, obtain a represen-
tative sample at the inlet, switch a solenoid valve to the outlet point
and obtain a representative sample. This sequence typically required 5-15
minutes to complete. It is not uncommon for S0, levels to vary by an order

of magnitude (200 to 2000 ppm) in a period of 10 minutes if there is any

13
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significant adjustmehts made in the fuel, feed, or excess air rates, therefore
an attempt was made to document the kiln operational parameters during inlet-

ocutlet test periods since simultaneous sampling could not be executed.

As noted in Table 1, there were occasional operational upsets

encountered during the program which delayed obtaining the desired data

but did provide an cpportunity to monitor the ESP and baghouse systems during
transient conditions. Data from these periods are also included in Appendix A
along with the other gaseous data but are not discussed in this report.

Trand plots generated by the Cape Girardeau data logger were provided after
each test day and have been included in Appendix C. Upset conditions were
also easily recognized by the deviations from baseline levels of the nitric
oxide (NO) and carbon monoxide (CO) as well as oxygen which were all measured

in parallel with the S0,.

It should also be noted that during the test program two factors

in the oﬁeration of the kiln-precalciner system may have tainted the data
presented in Table 1, namely the recent installation of a shelf (kicker plate)
located below the kiln feed downcomer from the precalciner tower and the

coal mill fineness at the precalciner. The first factor, the precalciner
shelf, by increasing the turbulence in the opposite end of the mix chanber
from the bypass duct orifice, a shift in the sulfur/alkalii equilibrium

may have resulted and the composition of the dust and gases entering

the bypass baghouse may now be significantly differeﬁt. This may only

be important if this data set is to be viewed in conjunction with previous
data from the Cape Girardeau kiln. The second factor, the precalciner coal
mill fineness, may have also effected the form of the sulfur entering

the ESP and baghouse systems and may, therefore, have effected the concentra-
tion differential across those systems. Although only limited dataIWere
obtained during the attempt to monitor at the kiln exit, the data appeared
to verify the expected combustion defficiency iﬁ the form of unusually

high CO concentrations. The impact of the reducing atmogphere on the S02
levels was outside the scope of this program. However, dust samples
collected from the ESP and baghouse during the testing have been analyzed

and a copy of the Lone Star reports are included as Appendix D as a reference.

14




4.2 Conditioning Tower and ESP Results

As part of the S0, measurement test plan, the 502 removal efficiency
of the.conditioning tower-ESP network was determined from the differential
in measured concentrations across the network. Inlet concentrations were
measured at the conditioning tower inlet, immediately above the water spray
manifold while the outlet concentration was measured at the kiln exhaust
stack downstream of the ESP. These locations are detailed in Section 3.0

and are illustrated in Figure 6.

The limited availability of sample ports for gaseous monitoring
and velocity traversing dictated that the inlet sampling be conducted in
the plane approximately 6 feet above the water spray nozzles prior to diverging
to the full diameter of the conditioning tower. As a result of the less
than ideal test port configuration, the wvelocity profile and representative
§0, concentrations were difficult to obtain. The velocity traverse test
taken at the conditioning tower inlet werified the turbulent flow. The
gaseous‘testing also indicated significant variations in the 80,5 concentration
across the diameter. Values meaéured ranged from 71-189 ppm (corrected
to 3% oxygen) with an average value of 173.p§m. Throughout the test series,
the single point which was periodically monitored and logged on the data
Printouts was situated in a relatively higher concentration strata, and
therefore the ESP inlet results may not be representative of a volume weighted
average concentration. Based on a daily average of the data from the single
point monitoring (202 ppm corrected to 3% 02) and a volumetric flowrate
determined from the average of two 24 point velocity traverses a mass flow-
rate of 50, was estimated. Since moisture and molecular weight measurements
were not conducted, estimates were taken from previous test data conducted
in October 1981 (moisture 5%, molecular weight 29.7). From the measured
volumetric flowrate of 429,800 actual cubic feet per minute (ACFM), 189,000 SCFM
dry, the average mass flowrate of SO, entering the conditioning tower-ESP

network was estimated to be 265 pounds per hour (1lb/hr).
The measurements to determine the ESP outlet ¢oncentration of 804, .

were made at the kiln exhaust stack. As indicated in the schematic, Figure

and jillustrated in Figure 6, the location is situated away from any flow

15



LOCATIONS

A.
B.
NOTE:

Kiln Stack = Total Discharge of Preheater and Bypass Flue Gas.

Conditioning Tower Inlet - Preheater Discharge Prior to ESP.

Sample Ports Immediately Upstream of Conditioning Tower Water Spray
Mainifold,

Bypass Qutlet - Downstream of Baghouse ID Fan.




disturbances. The velocity and gaseous traverses indicated an even distri-
bution of flow and 502 concentration. The single point which was periodically
monitored to generate a daily average value is representative of a volume
weighted average. With the bypass system inoperative, the measured concentra-
tion of S0, at the stack was 135 ppm with a corresponding volumetric flowrate
of 245,000 actual cubic feet per minute (ACFM). Assuming a moisture ceontent
of 17% and an average molecular weight of 29.7 (taken from previous test
data conducted in October 1981), the corrected volumetric flowrate was estimated
to be 155,300 DSCFM. Based on the average S0, concentration of 135 ppm
(corrected to 3% 02, stack 0, averaged 5;73) the mass flowrate of 80, is
estimated to be 178 lb/hr (22.4 gm/sec).

These results indicate a SO, concentration differential across the
conditioning tower-ESP network of approximately 32%. This estimate may be
inadvertantly larger than actual due to the associated SO, measurement

difficulties at the conditioning tower inlet.

17




4.3 Baghouse Results

Upon completion of the conditioning tower-ESP network testing with
the bypass system incperative, the kiln operation was modified and the bypass
dampér was gradually opened, in small increments as the stability of the kiln
allowed over the course of approximately 12 hours unitl a target setting of
50% was reached. During the two test days which followed, velocity and gaseocus
tests were cdnducted to obtain inlet and outlet 502 concentrations and mass
flowrates similar to what was accomplished for the conditioning tower-ESP

network.

As shown in Figure 1, the bypass system is composed of a quench fan
and baghouse dust collector which is used to condition and treat a relatively
small slip stream of kiln exhause gases which are extracted from the kiln
feedend prior to entering the precalciner tower. The syétem is periodically
used for removal of high alkalii material which accumulates in that region
of-the Pyroprocessing., Obtaining a 505 cthentrat;on differential across

the baghouse dust collector was a ﬁajox cbjective of this program.

The acquisition of representative 80, concentrations at the inlet -
and outlet ducting of the baghouse also had inherant measurement difficulties
associated with it. Since the concentration of the gases entering the baghoﬁse
is diiluted with ambient air to lower the temperature to a value which the
dust collection bags can tolerate, the measurement accuracy and sensitivity
requirements in the 100 ppm range is critical for the 505 instrumentation.

The sensitivity to the kiln pyroprocessing and chemistry is greater since the
bypass gases are not "buffered" by the precalciner residence time. The
associated oxygen measurements used for dillution corrections alsq introduce

the potential for larger measurement errors.

Typical values for 502 concentrations ranged from 0-150 ppm (corrected
to 3% 02) entering the baghouse. However, the oxygen level ranged from 18.3 -
19.6% meaning that the concentration of the gases in the actual bypass stream
was less than 20 ppm. The measurement of a differential at these concentra-
tions is not within the capability of the sampling procedure and instrumentation
which was on site. Simulataneous wet chemistry batch sampling techniques would

have helped but would not have resolved the problem of correlating for the

very high dilution rate.




Table 2 contains a summary of the results for the bypass and ESP

testing efforts. As noted, the estimated mass flowrate of SO, into the baghouse

is only 0.9 ob/hr while the bypass was operating at approximatley S50%.

A traverse conducted at the baghouse outlet ducting (see Figure ) indicated
a volumetric flowrate of 27,700 ACFM with an oxygen content of 19.55% and an
average S0, concentration of 65 ppm (corrected to 3% 02). No detectable SO,
differential was observed. The corresponding dust analysis conducted by

Lone Star is included in Appendix D,
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5.0 Conclusions and Recommendations

Based upon the test data acquired and observations made, the following

conclusions have been drawn.

0o There is a decrease in the sulfur dioxide (SO2 mass flow rate
across the conditioning tower-ESP network. .Measured values
indicated a 32% decrease. No measurements were made between
the conditioning tower and the ESP. Average stack emission

rates were calculated as 178 lb/hr (22.4 gm/sec).

e The amount of SO, entering the bypass baghouse is negligable.
Values ranged from 1-3 1lb/hr. (.1-.3 gm/sec). A concentration

differential could not bhe detected on a regular basis.

® Operation of the bypass may be effected by the installation
of the shelf at the kiln feedend.

The program conducted at Cape Girardeau was useful in identifying relative
mass flow rates of S0,. The following recommendations are offered for

consideration.

o A further investigation is required to obtain volume weighted
mass flow rates at the conditioning tower inlet. Sampling ports
should be located further upstream of the water spray manifold.
Measurements should also be made between the conditioning tower
and the ESP to determine the effect of each of the items on
802 levels.

e The effect of the bypass baghouse on 505 levels can be evaluateé
by increasing the bypass gas S0, content by either operational
modifications or controlled artificial spiking. Alternatively

simultaneous wet chemistry batch tests can be conducted.

e Expanded monitoring capabilities for NOx and SO, at the kiln

exit would prove to be a valuable tool at Cape Girardeau.
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