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1. INTRODUCTION 
 
Trona injection tests were conducted at Mirant’s Potomac River Station on Unit 1 
between November 12 and December 23, 2005.  The purpose of these tests was 
to determine the capability of dry injection of trona to achieve substantial SO2 
removal from the stack discharge, and the determination of other operating 
impacts from the trona injection, if any. 
 
Temporary trona injection equipment was installed on Unit 1, to inject dry trona in 
the duct between the boiler economizer outlet and the hot precipitator inlet. 
 
Trona was obtained with rail car delivery directly from the mine in Green River, 
Wyoming. 
 
Temporary test instrumentation was set up to measure SO2 concentration before 
and after trona injection, and compared with the permanent continuous 
emissions monitoring system (CEMS) installed in the Unit 1 stack. 
 
A total of 32 test runs are described in this report covering various unit loads, 
using both Central Appalachian and Colombian coals, and variations in trona 
particle size. 
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2. EXECUTIVE SUMMARY 
 
The primary objectives of this series of tests were to determine if substantial SO2 
removal could be achieved with trona injection, and if there were any adverse 
unforeseen impacts from trona injection, primarily with unfavorable opacity or 
particulate emissions. 
 
SO2 Removal 
 
A series of 32 tests were conducted at various unit loads, with several different 
sizes of trona particles, and on both Central Appalachian and Colombian coals 
(representing two different coal sulfur levels). For all these tests 80% SO2 
removal could be achieved. The trona consumption was higher than initially 
predicted, but was reasonably consistent across the range of coals and operating 
variables. The consistency of the data provides the ability to accurately predict 
the trona feed rate required to achieve a given SO2 removal on a controlled 
basis. 
 
Particulate / Opacity Performance 
 
Opacity was continuously monitored during the entire test period. There were no 
instances in any of the tests where opacity increased during trona injection. 
Opacity remained consistently below 4% with no spikes of any kind. The 
precipitator particulate collection improvement experienced with high sodium ash 
(trona) at AEP’s Gavin Station, described in PowerGen 2004 technical paper 
“Successful SO3 Mitigation While Enhancing the ESP Performance at AEP’s 
Gavin Plant by Dry Injection of Trona Upstream of the ESP”, was demonstrated 
in these tests at the Potomac River station. 
 
EPA method 201A and 202 stack tests were also conducted both with and 
without trona injection. The summary conclusions from these tests are included 
later in this report.  
 
In summary, high SO2 removal from trona injection was demonstrated across the 
load range, and across various operational parameters. No adverse effects were 
seen from the trona injection. Stack opacity and particulate emissions were 
excellent and were not impacted by the trona injection. Trona consumption was 
higher than originally predicted however, and follow up tests are recommended 
to investigate the cause, optimize trona feed rates, and assure consistent 
performance at anticipated levels of SO2 removal. 
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3. TRONA INJECTION TEST AND EQUIPMENT DESCRIPTION 
 
The following describes the temporary trona injection equipment, the emissions 
test equipment and the general structure of the tests. 
 
Trona Injection Equipment 
 
Trona is received at the station through 100-ton enclosed rail cars, shipped 
directly from the mine in Green River, Wyoming. The trona is transferred 
pneumatically on site from the railcar to the feed and injection system. 
 
The feed and injection equipment utilized consists of the following major 
components: 

A. Trona feed trailer – one truck trailer with four hopper bottom outlets and a 
nominal maximum capacity of 35 tons of trona. 

B. Four variable-speed rotary feed valves to meter the trona feed to four 3” 
transport hoses. 

C. Four variable-speed positive displacement blowers with a nominal 
capacity of 350 scfm each. One blower provides the transport air to one 
trona rotary feed valve, which transports the trona to the duct for injection. 

 
The trona feed trailer was mounted on truck scales, which provided a continuous 
read out of the trona feed trailer weight with a 10-lb resolution. The total trona 
feed rate was determined from the rate of weight loss from the trona feed trailer 
scales. 
 
The arrangement of the trona feed equipment is shown in Figure 1. 
 
The trona is transported through four 3” hoses to the duct for injection. At the 
duct each hose is split into two 2” hoses to feed two injectors each. There are 
eight trona injectors total divided between two ducts. The arrangement of the 
trona injectors is shown in Figure 2. 
 
The trona injector design used in these tests was determined from computational 
fluid dynamic (CFD) modeling. The design was selected after modeling of four 
different injector configurations. 
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Potomac River Station 
Trona Feed Equipment 
Figure 1 
 
 
Trona Feed Trailer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variable Speed      Transport Hoses  
Rotary Feed Valves (4)     of Trona to Injectors (4) 
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Figure 2 
Trona Injection Hoses and Injectors at the Duct 
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Temporary Emissions Test Equipment 
 
Temporary SO2 emission test equipment was provided and operated by an 
outside contractor. SO2 inlet concentration was measured from a composite of 
two single point samples in the two ducts that leave the boiler economizer, just 
upstream of the trona injectors. Hot precipitator outlet SO2 concentration was 
measured separately for the east and west precipitator chambers to look for 
potential biases between the chambers due to duct configuration. The test 
analyzers also provided O2 measurements to allow correction of the SO2 
concentration to a dry 3% O2 standardized basis. 
 
CEMS and unit operating data were collected continuously throughout the test 
period and compared to the temporary test equipment data. 
 
The test analyzers for SO2 concentration matched extremely well with the SO2 
concentration measured by the plant permanent CEMS analyzers in the stack.   
As such, all tests after November 18th only utilized the CEMS analyzers for SO2 
outlet emissions. 
 
Additionally, an in-line dust sample was periodically taken at the hot precipitator 
inlet duct, after the trona injectors.  
 
The temporary test measurement locations are shown on Figures 3 and 3A. 
 
Trona Injection Location  Figure 3 
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Coal, ash, and trona samples were periodically taken throughout the test and 
were analyzed for reference. 
 
 
SO2  Measurement Accuracy 
 
Prior to beginning of the trona injection tests, an EPA-required annual Relative 
Accuracy Test Audit (RATA) was completed on Unit 1 CEMs to demonstrate the 
accuracy of the permanent stack instrumentation.  RATA tests were conducted 
on November 11-12, 2005, and results are presented in Appendix B, attached.   
 
Due to normal air infiltration into the gas stream, the SO2 concentration is diluted 
between the boiler and the stack. The test analyzers measured O2 as well as 
SO2, and the CEMs analyzers measure CO2 along with SO2.  As such, the 
measured SO2 concentrations from the three analyzer locations were corrected 
back to an equivalent 3% O2 (dry) basis to allow comparison between the 
measured SO2 readings at the 3 sampling locations. The correction factors were 
derived from the analyses of the actual coal samples taken during the tests. 
 
Periodically during the tests, checks were made on the consistency of the SO2 
measurements between these 3 locations. The test SO2 measurements at the 
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precipitator outlet agreed with the CEM’S SO2 measurements within a maximum 
variance of 11 ppm, both with and without trona injection, which is excellent 
agreement. 
 
Because of the excellent agreement between the CEMS and the test analyzers, 
the temporary test analyzers were removed after November 18th and the CEM’S 
SO2 data was used for all subsequent SO2 removal tests, and is used for all data 
in this report. 
 
Trona Test Structure 
 
The following were the controlled test variables: 
 
Unit load Minimum, mid-range, maximum 
Trona feed rate In steps from zero to the amount required for 

80% SO2  removal 
Coal constituency 0.82 - 1.08 lbs SO2 / MBTU 
Trona average particle size 21 to 40 microns 
 
The structure of the tests was to stabilize at a fixed unit load, and to collect test 
data across a range of trona injection rates, stepping up the injection rate until an 
operating limitation was reached or approximately 80% SO2 removal was 
achieved. Test intervals were subsequently selected where all conditions were 
stable at each of the stepped trona feed rates, and averages of all emission and 
operating data were taken from the station’s PI data system over each of the 32 
stable test periods. 
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4. Coal Analyses and Uncontrolled SO2  Rates 

 
Coal samples were periodically collected during the trona injection tests from 
each coal feeder outlet. Analyses of three Central Appalachian coal samples 
during the November 13 – 18 testing are shown in Table 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 
 
The three analyses are all reasonably consistent and the average analysis from 
these three samples was used as the assumed coal being burned during this 
week of testing. This average analysis was used to construct the correction 
curves to correct the various SO2 measurements back to a consistent basis of 
3% O2 (dry). 
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The baseline uncontrolled SO2 levels from the boiler were determined from the 
stack CEMS, which had completed RATA tests on November 12. Chart 1 below 
shows the CEMS SO2 data from the week of November 12 – 18. Data is only 
shown for operating hours with the unit on coal only (no start-up oil) and at loads 
equal to or greater than minimum load. 
 

Chart 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Initial trona injection was at 11:45 AM on November 13. The SO2 emission rate 
on November 12, and the first five hours on November 13 represents the 
uncontrolled SO2 emissions from the coal being burned at that time. For the 
series of trona injection tests during this week, the uncontrolled emissions were 
assumed to be 1.05 lb SO2 /MBTU. The spikes down in SO2 rates for the balance 
of the days during this week are due to reductions from trona injection. 
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The Colombian coal was test burned in mid December. All trona injection tests 
with the Colombian coal occurred on December 15.  
 
Chart 2 below shows the baseline SO2 emission rate from the stack CEMS for 
the week of December 11-17.  
 

Chart 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The spike down of SO2 emissions on December 15 is due to the trona injection. 
On December 17, the station began transferring back to Central Appalachian 
coal, which is indicated by the gradual rise in the SO2 emission rate. An 
uncontrolled SO2 emission rate of 0.82 lb SO2 /MBTU was utilized as the baseline 
for the trona injection performance data taken during the December 15 tests. 
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5. TEST RESULTS 
 
This section describes the test results from trona injection. There are 32 separate 
tests described. The test data are grouped by unit load. High load is at 85 to 92 
MW gross, low load is at 34 to 37 MW gross, and mid load is between 50 and 70 
MW gross. The data are also reported separately for Central Appalachian coal vs 
the lower sulfur Colombian coal. Lastly, results are sorted based on the average 
particle size of the trona being injected during the test. 
 
The summary data from all 32 tests is shown in Table 3. Each test’s label 
indicates the load rate, coal, and trona feed rate. For example, test LC44 
indicates: 
 
 L = Low load (M= medium load, H= high load) 
 C = Colombian coal (blank if Central Appalachian coal) 
 44 = Trona feed rate of 4400 lb/hr 
 
The test results are shown as curves of the trona Stoichiometric feed rate vs % 
SO2 removal from the gas stream in Chart 3. A Stoichiometric feed rate of 1.0 
equates to a trona feed rate of 2.354 lb of trona per lb of SO2 in the inlet gas 
stream. This is the theoretical quantity of trona required to react with each pound 
of SO2 in the entering gas stream. 
   
In all of the tests the precipitator performance was unaffected by the trona 
injection, and stack opacities under 5% were consistently maintained. 
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Table 3 
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Trona Injection Summary 
 
For all the trona injection tests there were no constraints in achieving 80% SO2 
removal. The Colombian coal test did produce unit operational constraints 
however. Although the coal was lower in sulfur, its high moisture content and 
lower heating value resulted in a maximum unit load of only 52 MW due to 
pulverizer and air temperature limitations to dry the coal. Seven tests were run 
with this coal at both low and medium unit loads 
  
The trona injection rate required to achieve a given SO2 removal did vary 
somewhat between the tests, which reflected differences in the operational 
variables. The trona injection rate required to achieve a given SO2 removal is 
impacted by the following operational parameters: trona particle size, gas 
temperature, inlet SO2 concentration (different coals), trona mixing with the flue 
gas, residence time between trona injection and particulate removal, and unit 
load.  
 
The composite performance for all 32 trona injection tests is shown on Chart 3 
below. 
 
As can be seen, the test results show consistent curves for high and low loads. 
The more favorable trona consumption performance is at the high load points, 
and is suspected to be due in part to the higher gas temperatures at the point of 
trona injection. The mid- and low-load performance is similar for the operating 
conditions that existed during the tests. 
 
The consistent performance curves indicate the process is predictable and 
controllable for the operating conditions during the test. 
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Chart 3 

Potomac River Trona Injection Nov - Dec 2005
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0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

110%

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Trona Feed Stoichiometry

SO
2 

R
em

ov
al

  % High Load
Low Load
Mid Load
Poly. (High Load)
Poly. (Low Load)

 
 
Chart 3 shows that even with the variation of all the operational parameters, the 
SO2 removal performance is reasonably consistent across the range of trona 
feed rates and SO2 removal rates. Further testing will be required to identify the 
key operational parameters that could potentially reduce the trona consumption 
required for a given SO2 removal rate. 
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Particulate Emissions / Opacity 
 
Trona injection results in significantly increased ash loading to the precipitators. 
At the maximum trona injection rate, the ash load going to the precipitator 
increased by a factor of 2x to 3x over the ash load from coal ash alone. As such, 
a key test objective was to determine if stack particulate emissions or opacity 
would be adversely impacted from the trona injection. On the favorable side, the 
hot precipitators which were retrofitted to the station on all five units in the late 
1970s, are very conservatively sized, even by today’s standards. Also, it is well 
documented that sodium based ash (such as trona) lowers the ash resistivity, 
which makes the ash easier to collect in the precipitator, and improves 
precipitator performance.  
 
During the initial trona injection test the trona feed rates were stepped up 
gradually, which allowed both stable load points for test data, and insured there 
were no adverse impacts on stack opacity. Over the course of the testing, there 
was no increase in opacity at all due to trona injection.  Table 3, which shows the 
results from the 32 trona injection tests, shows opacity was under 5% for all 32 
tests. 
 
In order to determine the trona injection impact on particulate emissions, EPA 
Method 201A (filterable PM10) and Method 202 (condensable PM10) particulate 
stack emissions tests were conducted both with and without trona injection.  Both 
tests were conducted at full load (>85 MW gross). 
 
The baseline (no trona) test runs were conducted on December 20 and 21, and 
the with-trona test runs were conducted on December 21 - 23.1  Each test 
required 3 test runs. For the with-trona test, trona was injected at a rate high 
enough to achieve at least 80% SO2 removal.  The data for these 3 test runs are 
shown on Table 3 as tests H100, H105, and H118. The full report on these tests 
is in Appendix A, attached. The summary results from these particulate tests are 
shown in Tables 4 and 5 below. 
 

                                                 
1 Although there had been an effort by another vendor to do test runs utilizing EPA Methods 201A and 202 
in November, 2005, there are serious questions about the legitimacy of that sampling and analysis, which 
continues to undergo an internal quality assurance/quality control review by the vendor.  Mirant notified 
VADEQ of these concerns at the time and the referenced Dec. 20-23, 2005 runs were subsequently 
scheduled and conducted with VADEQ representatives in attendance. 
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TABLE  4  PM10 EMISSION SUMMARY FOR UNIT 1 – Normal Operation 

 

RUN 2 3 4 Average 

Net Sampling Time, minutes 91 94 89.5 91.5 

Particulate Catch, mg 56.5 34.0 31.2 40.6 

Volume of Gas Collected, (dscf) at 680F 39.504 38.763 37.759 38.675 

CO2 Concentration, % dry 11.8 12.5 12.6 12.3 

O2 Concentration, % dry 7.8 7.0 6.8 7.2 

Particulate Matter Emission Rate, lb/MMBtu 0.0498 0.02833 0.0268 0.0350 
 

 

TABLE  5  PM10 EMISSION SUMMARY FOR UNIT 1 – TRONA Operation 

 

RUN 1 3 4 Average 

Net Sampling Time, minutes 97.25 90 89.75 92.3 

Particulate Catch, mg 26.1 20.6 18.7 21.8 

Volume of Gas Collected, (dscf) at 680F 39.900 36.935 35.808 37.548 

CO2 Concentration, % dry 12.5 12.4 12.4 12.4 

O2 Concentration, % dry 6.8 6.9 6.7 6.8 

Particulate Matter Emission Rate, lb/MMBtu 0.0211 0.0182 0.0167 0.0186 
 
Tables 4 and 5 illustrate that total PM10 emissions (filterable+condensable) from 
Unit #1 stack decreased when trona was injected, from 0.035 lb/MMBtu to 0.019 
lb/MMBtu.  The ratio of the condensable PM10 fraction to the filterable PM 10 
fraction is approximately 2:1.  These results are substantially below the PM10 
value used in the downwash modeling work to date, which is 0.06 lb/MMBtu 
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Toward the end of the testing period it was learned that the trona injection could 
be increased as fast as our trona feed equipment could respond and still not 
change opacity.  Chart 4 below is an example of a rapid increase in trona feed 
rate with no impact on stack opacity.  
 

Chart 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The opacity data on this chart is shown on 30-second intervals, which shows 
there were no short-term opacity spikes associated with the rapid increase in 
trona feed rate. 
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6. TEST CONCLUSIONS 
 

1. SO2 removal with trona injection up to 80% was consistently demonstrated 
over the load range with different coal constituencies, trona particle size, 
gas temperatures, and other operating parameters. 

 
2. Trona consumption was higher than expected for a given SO2 removal. 

Follow up characterization tests are recommended in order to optimize the 
trona consumed as a function of unit operating parameters. 

 
3. The precipitator performance was not impacted in any way due to trona 

injection, regardless of trona injection rate.  Stack particulate test results 
indicate precipitator performance actually improves with trona present, 
even with the increase in particulate to be collected by the precipitator 
when trona is injected.  

 
 

4. The test accuracy was very good, with excellent correlation between the 
test instrumentation and the stack CEMS for SO2 emissions, and with 
accurate scales for trona consumptions. 

 
5. The test results are consistent between tests, and the resultant data is 

suitable to allow predictable and respectable control of the outlet SO2 
emissions rate. 
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