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EXECUTIVE SUMMARY 

This report summarizes the results obtained during environmental monitor- 

ing activities conducted during the third phase of testing for the U.S. Departmenr of 

Energy’s Innovative Clean Coal Technology (IC(JT) Program demonstration entitled 

“180 MWe Demonstration of Advanced Tangentially-Fired Combustion Techniques for 

the Reduction of Nitrogen Oxide (NOx) Emissions from Coal-Fired Boilers.” This 

project is being conducted at Gulf Power Company’s Plant Lansing Smith Unit 2, near 

Panama City, Florida. 

The primary goal of this project is to characterize the performance of low 

NO, combustion equipment through the collection and analysis of both long-term 

emissions data and short-term characterization data. During each test phase, diagnostic, 

performance, long-term, and verification tests are performed. T’he advanced combustion 

techniques included in this demonstration project are being tested in a stepwise manner 

using the following phased approach: 

Phase I: 

Phase II: 

Baseline testing on the “as-found” Unit 2 boiler; 

Low NO, Concentric Firing System (LNCFS) Level II 
(Separated Overfire Air Ports) testing; 

Phase IIIa: LNCFS Level III (Separated Overfire Air Ports and 
Close Coupled Overfire Air Ports) testing; and 

Phase IIIb: LNCFS Level I (Close Coupled Overfire Air Ports) 
testing. 

EMP activities consist of sampling and analytical activities performed 

during testing periods for each phase; compliance monitoring is also performed on 

gaseous and aqueous streams. Energy Technology Consultants, Inc. is responsible for the 

preparation of interim test reports on each project phase, as well as a comprehensive test 
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report to be prepared at the end of the project. Radian Corporation is responsible to 

Southern Company Services, Inc. for the preparation of the EMP reports. 

During Phase IIIa, a total of 48 diagnostic, 8 performance, and 11 verifica- 

tion tests were performed. Statistically valid long-term testing was conducted for 49 days. 

In Phase IIIb, 41 diagnostic, 8 performance, and 9 verification tests were performed. 

Sixty-five days of statistically valid long-term testing were conducted. With few excep- 

tions, alI of the sampling and analytical methods used during the testing were specified 

and approved in the Environmental Monitoring Plan that was prepared for this project. 

Minor changes in the specified methods for a few parameters were implemented, but the 

modifications should not affect the results presented in this report. 

EMP monitoring conducted during Phase IIIa and IIIb testing periods 

showed the following: 

. Based on an analysis of the long-term monitoring data, LNCFS 
Level III operation reduced NO, emissions from Unit 2 by an 
average of 45% at higher load levels (135 to 200 MW), while aver- 
age reductions of about 37% were achieved during both LNCFS 
Levels I and II operation. The reduction in NO, emissions pro- 
duced during LNCFS Levels II and III testing was less at lower unit 
loads. 

. LNCFS Level III operation resulted in higher levels of fly ash 
carbon and loss on ignition (LOI) compared to either baseline or 
LNCFS Level II tests at all loads. The LOI appeared to consist 
primarily of carbon. 

. The average carbon monoxide emissions from Unit 2 were low, 
although they were roughly twice as high during LNCFS Level III 
testing than during the baseline operation (approximately 20 ppm 
versus 10 ppm corrected to 5% oxygen). The CO emissions during 
LNCFS Level II testing were approximately the same as for Level 
III, while Level I emissions were comparable to the baseline. 

. Most of the values obtained for total hydrocarbon emissions were 
low and in the same range during all test phases, 0.5 to I.5 ppmv 
(corrected to 3% oxygen). 
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. Although there was appreciable scatter in the data, sulfur dioxide 
emissions were comparable for ail test phases, consistent with the 
fact that similar coal sulfur content was measured during all three 
test phases. 

. None of the LNCFS configurations appeared to have any apprecia- 
ble impact on the fraction of sulfur dioxide converted to SO, rela- 
tive to baseline operation. 

. No exceedances of permit limits for aqueous streams were observed 
during Phase III or any of the previous test phases. 
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1.0 lNTRODUCTION 

As an Innovative Clean Coal Technology (ICCT) Program demonstration, 

the project entitled “180 MWe Demonstration of Advanced Tangentially-Fired Combus- 

tion Techniques for the Reduction of Nitrogen Oxide (NO,) Emissions from Coal-Fired 

Boilers” is required to develop and implement an approved Environmental Monitoring 

Plan (EMP). The EMP for this project was prepared by Radian Corporation for 

Southern Company Services, Inc. and submitted to the U.S. Department of Energy 

(DOE) on December 27, 1990. A revised EMP, submitted on March 31, 1993 and 

subsequently approved by DOE, incorporated a number of changes to the 1990 version. 

The EMP includes supplemental and compliance monitoring of several gaseous, aqueous, 

and solid streams. 

This is the final EMP report prepared for this project. As such, it presents 

the results of EMP activities conducted during Phases IIIa and lllb (LNCFS Levels III 

and I, respectively), and compares these results to those obtained during the previous 

phases of the project. 

1.1 Proiect Description 

Southern Company Services (SCS) signed a Cooperative Agreement with 

DOE for this ICCT Round II project on September 20, 1990. In this project, a number 

of retrofit NO,-reduction techniques were tested on Unit 2 at Gulf Power Company’s 

Plant Lansing Smith (Plant Smith), near Panama City, Florida. Emissions and perfor- 

mance were characterized for this tangentially-fired boiler while operating in the 

following configurations: 

. Baseline (“as-found”) configuration--Phase I; 

. Retrofitted Low NO, Concentric Firing System (LNCFS) Level II 
(Separated Overfire Air Ports) and simulated Low NOx Bulk Fur- 
nace Staging (LNBFS)--Phase II; 
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. Retrofitted LNCFS Level III (Separated Overfire Air Ports and 
Close Coupled Overfire Air Ports)--Phase Illa; and 

. Simulated LNCFS Level I (Close Coupled Overfire Air Ports)-- 
Phase IIIb 

The major objectives of the project were to: 

. Demonstrate the performance of four NO,-controlling combustion 
technologies (i.e., LNCFS Levels I, II, and III and LNBFS); 

. Determine the short-term NO, reduction capabilities for each of the 
operating configurations: 

. Determine the dynamic long-term NO, emission characteristics of 
the three levels of LNCFS operation using statistical techniques; 

. Evaluate cost-effectiveness of the low NO, technologies tested (i.e., 
cost per ton of NO, removed); and 

. Determine the effects of the low NO, combustion technologies on 
other combustion parameters [e.g., carbon monoxide (CO) produc- 
tion, carbon carry-over, particulate characteristics]. 

Each phase of the project involved three distinct testing periods: short- 

term characterization, long-term characterization, and short-term verification. The short- 

term characterization testing establishes the impacts of selected parameters on NO, 

emissions and establishes the influence of the operating mode on other combustion 

parameters. The long-term characterization, which occurs over 50-80 days of continuous 

testing, establishes the dynamic response of the NO, emissions while the unit is operated 

under normal system dispatch conditions. The short-term verification testing is con- 

ducted to determine whether any fundamental changes in the NO, emission characteris- 

tics have occurred during the long-term test period. 

The EMP activities consist of a specific set of sampling and analytical 

activities performed during testing periods for each phase; compliance monitoring of 
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gaseous and aqueous streams is also included. Energy Technology Consultants, Inc. 

(ETEC) prepares the phase reports which summarize the results obtained in fulfillment 

of the project’s objectives, as outlined above. Radian has prepared this EMP phase 

report, which presents the data obtained during the monitoring outlined in the EMP. 

The reader is referred to the ETEC environmental letter reports “180 MW Demonstra- 

tion of Advanced Tangentially-Fired Combustion Techniques for the Reduction of 

Nitrogen Oxide (NO,) Emissions from Coal-Fired Boilers,” for Phases IlIa and IlIb, 

dated July 22, 1993 and August 8, 1993, respectively, for additional test results. 

1.2 Proiect Oreanization 

The project organization is shown in Figure 1-1. The SCS project manager 

has overall responsibility for the execution of the project. Energy Technology Consul- 

tants, Inc. has responsibility for the on-site testing and analysis of the data for all phases 

of the project. Spectrum Systems, Inc. (Spectrum) provides a full-time on-site instrument 

technician who is responsible for the operation and maintenance of the data acquisition 

system (DAS), which is housed within the instrument control room. Southern Research 

Institute (SoRI) is responsible for the flue gas particulate measurements during the 

performance testing portion of the short-term characterization tests. Flame Refractories, 

Inc. (Flame) is responsible for measuring fuel/air input parameters and furnace output 

temperatures during the performance testing portion of the short-term characterization 

tests. W. S. Pit& Inc. (WSPC) is responsible for the analysis of emission and perfor- 

mance data for the long-term characterization tests. Radian Corporation is responsible 

to SCS for EMP activities, including preparation of the Environmental Monitoring Plan 

and associated quarterly, annual, and phase reports. 
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1.3 Unit Descriotion 

Unit 2 at Plant Smith is an ABB CES (Asea Brown Boveri Combustion 

Engineering Services) tangentially-fired boiler rated a.t 180 MWe. Five mills provide 

pulverized eastern bituminous coal for delivery to five burner elevations. 

Unit 2 is a balanced draft unit with two forced draft fans and three induced 

draft fans. The unit is equipped with both a hot-side and a cold-side electrostatic 

precipitator (ESP). The flue gases exit the economizer into the hot-side ESP and 

through two Ljungstrom air preheaters. The flue gases then flow into the cold-side ESP, 

through the induced draft fans, and out the stack. Figure l-2 is a simplified schematic 

flow diagram of Unit 2 showing the locations of the EMP sampling points. 

1.4 Reoort Oreanization 

The remainder of this report is organized as follows: 

. Section 2 describes the NOx reduction technologies tested and 
discusses the EMP monitoring planned for each of the test periods 
during Phase III; 

. Section 3 briefly surnrnarizes the sampling and analytical methods; 

. Section 4 presents the gaseous stream monitoring results; 

. Se&on 5 presents the aqueous stream monitoring results; 

. Section 6 presents the solid stream monitoring results; 

. Section 7 discusses EMP-related quality assurance/quality control 
activities performed during Phase III; 

. Section 8 provides a summary of the reports that were prepared for 
the compliance monitoring activities; and 

. Section 9 presents conclusions based on the EMP monitoring results. 
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Appendices A B, and C present summary tables of the data for the 

gaseous, aqueous, and solid streams monitored as part of the EMP, respectively. 
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2.0 TECHNOLOGY DESCRIPTION AND PHASE III EMP MONITORING 

2.1 Technolow Descrintion 

ABB CES supplied their low NO, concentric firing system (LNCFS) 

for retrofit into the four existing corner wail penetrations of the original five tier burner 

configuration on Unit 2. The LNCFS is offered in the following three configurations: 

. Level I, which includes close coupled overfire air (CCOFA) and 
clustered coal nozzles: 

. Level II, which includes separated overfire air (SOFA); and 

. Level III, which incorporates all of these technologies. 

In addition to these three levels of LNCFS technology, the testing program 

included an evaluation of a low NO, bulk firing system (LNBFS) concept. LNCFS Level 

II and the LNBFS concept were tested during Phase II, while LNCFS Levels III and I 

were investigated during Phases IIIa and IIIb, respectively. Phase I consisted of baseline 

tests with the “as found” unit. Figure 2-1 provides a schematic view of the burner 

register and SOFA configurations that were involved during the testing under each of the 

three project phases. The same burner and SOFA configurations were retrofitted to all 

four comers of Unit 2. 

The concept of overfire air was included in all four levels of NO, reduction 

technology demonstrated in this project. In LNCFS Levels I and III a close coupled 

ovetfire air (CCOFA) system was integrated directly into the windbox. Compared to the 

baseline configuration, the CCOFA was arranged by exchanging the highest coal nozzle 

with the air nozzle immediately below it, as shown in Figure 2-1. This configuration 

provided the NO, reduction advantages of an overfire air system without major pressure 

part modifications to the boiler. 
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In LNBFS and LNCFS Levels II and III, a separated overfire air (SOFA) 

system was used. The air supply ductwork for the SOFA was taken off the secondary air 

duct and routed to the corners of the furnace above the existing windbox. Because the 

SOFA ports were already in place, LNCFS Level I was simulated by closing the dampers 

of all of the SOFA ports. 

LNBFS operation was simulated with the LNCFS Level II hardware by 

zeroing the auxiliary air yaws and SOFA yaws, while maintaining the burner damper, 

auxiliary air dampers, and SOFA dampers at the LNCFS Level II settings. (Yaw refers 

to the adjustable horizontal offsets of the offset air nozzles from the burners.) 

2.2 Phase III EMP Monitoring 

Phases IIIa (LNCFS Level III) and IIIb (LNCFS Level I) each consisted of 

three test elements: short-term characterization, long-term characterization, and short- 

term verification. 

Short-term characterization tests were performed to characterize the NOX 

emissions under a number of selected boiler operating conditions of unit load, excess 

oxygen, mill pattern, and mill bias. The short-term characterization testing is divided 

into two elements: diagnostic tests and performance tests. Diagnostic tests are used to 

establish gaseous emission trends; these tests last from one to three hours each. 

Performance testing is used to establish boiler efficiency and steaming capability (ability 

to meet design steam temperatures), gaseous and particulate emissions, and mill 

performance. Each performance test lasts from 10 to 12 hours. All of the short-term 

characterization tests are conducted with the unit in a fried configuration while it is off 

system load dispatch to ensure steady boiler operation. The primary operating parame- 

ters varied during these tests include boiler load, excess oxygen, mill pattern, and mill 

bias. The emphasis of the EMP is on the gaseous and particulate emissions monitoring 

during these tests, as well as on the coal feed sampling. During Phase IIIa, a total of 48 
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diagnostic tests and 8 performance tests were conducted. During Phase IIIb, a total of 

41 diagnostic tests and 8 performance tests were conducted. 

Long-term testing was conducted under normal system load dispatch 

control. Long-term testing provides emission and operational results that are subse- 

quently subjected to statistical analyses to obtain a true representation of the emissions 

from the unit. This testing includes most of the variables that can affect NO, emissions 

from a boiler during normal operation, including such parameters as coal variability, 

mill-in-service patterns, mill bias ranges, excess oxygen excursions, equipment conditions, 

and weather-related factors. Data were recorded continuously over each of the long- 

term testing periods, which lasted a total of 80 days during Phase IIIa and 89 days during 

Phase IIIb. 

Following the long-term testing period, verification testing was conducted 

to determine whether changes in the condition of the unit and/or the coal feed had 

occurred that might have an impact on the interpretation of the long-term test data. 

Verification tests are conducted in a manner similar to the diagnostic tests; four or five 

basic test configurations are tested during this effort. A total of 11 verification tests were 

conducted during Phase IIIa; 9 tests were conducted during Phase IIIb. 

Table 2-1 provides a summary of the tests performed during Phase III. For 

each series of tests, the table shows the dates, the number of tests, and the total days of 

testing. This information was used to determine the total number of planned samples 

for each parameter during each test element. 

Tables 2-2, 2-3, and 2-4 present the EMP integrated monitoring schedules 

for gaseous, aqueous, and solid streams, respectively, for Phase III. 
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Phase III (LNCFS Level III and Level I) Operation Summary 

Table 2-l 

Days of Number of 
Test Element Dates Testing Tests 

Phase IIIa (LNCFS Level III): 

Diagnostic Tests 12/05/91 - 12/11/91; 9 48 
01/12/92 - 01/13/92 

Performance Tests 12/12/91- 12/E/92; 8 8 
12117191 - 12/20/91 

Long-Term Testing 12/21/91 - 03/09/92 49 ’ NA 

Verification Tests 03/10/92 - 03/11/92 2 I1 

Phase IIIb (LNCFS Level I): 

Diagnostic Tests 05114192 - 05/20/92; 12 41 
05129193 - 06/02/93 

Performance Tests 06/08/92; 10 8 
06/10/92 - 06/16/92; 
06119192 - 06/20/92 

Long-Term Testing 06/03/92 - 08/30/92 652 NA 

Verification Tests 09/E/92 - 09/18/92 4 9 

‘49 days of statistically significant testing; 

*65 days of statistically significant testing; 

NA = Not applicable. 

SO 

89 

days total or 

days tot.4 or 

I1 weeks of operation. 

13 weeks of operation. 
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Table 2-3 

Aqueous Streams: Integrated Monitoring Schedule ‘J 

Parameter 
Total Suspended Solids 
pH 
Oil and Grease 

Ash Pond Discharge 
l/W Icl 
l/W [cl 

Parameter 
Total Dissolved Solids 
pH 
Specific Conductivitv 
Chloride 
Sulfate 
Radioactivity 

Gross Alpha 
Gross Beta 

Total Metals: 
AIuminum 
Cadmium 
Chromium 
Iron 
Mawanese 

Groundwater 

l/Q Icl 
l/Q [cl 
l/Q Icl 
l/Q Icl 
l/Q Id 

2/Y rc1 
2/Y [cl 

l/Q Icl 
l/Q Icl 
l/Q [cl 
l/Q [cl 
l/Q Icl 

‘Monitonng frequency: l/W = One sample per week: 
ll2W = one sample every two weeks: 

l/Q = One sample per quarter; and 
2N = Two samples per year. 

2Mottitotig type: [cl = Compliattu monitofittg. 

‘Eight groundwater tttonitoring wells are to be sampled. The locatiotts and sampling frequencies. as approved 
by the Florida Department of Environmental Regulation (DER). an shown in Gulf Power Company’s 
Monitoring Compliance Plan. 
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Table 2-4 

Solid Streams: Integrated Monitoring Schedule’*2*3 

Parameter 

Ultimate and Proximate Analyses’ 

Chlorine 

Coal Feed4 

DfV P L 

l/D [sl 3/D Is1 l/W Is1 

l/D [sl 3/D Is1 l/W Is1 

'Monitoring frequency: n/D = Minimum of n samples per day: and 
n/W = Minimum of II samples per week. 

2Monitoting type: [s] = Supplemental monitoring. 

3Monitaring test elements: D = Diagnostic tests; 
V = Verification tests; 
P = Performance tests: and 
L = Long-term monitoring. 

The coal feed sample is a composite from all operating mills. 

‘Analyses include carbon, hydrogen, nitrogen. sulfur, moisture, ash, and oxygen (by difference), 
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3.0 SAMPLING AND ANALYTICAL METHODS 

The sampling and analytical methods specified in the Environmental 

Monitoring Plan and used during Phase III are summarized in Tables 3-l through 3-3. 

The sample volumes, containers, preservation conditions, and holding times for the 

aqueous and solid stream samples, as specified in the EMP, are summarized in Tables 

3-4 and 3-5. The ETEC phase reports contain additional details of the sampling and 

analytical methods used for the monitoring. 

3.1 Gaseous Streams 

The KVB Extractive Continuous Emissions Monitor (ECEM) was used to 

provide quantitative analyses for NO,, SOr (sulfur dioxide), CO, 9 (oxygen), and total 

hydrocarbons. SoRI was responsible for the sulfur and solids emissions testing, which 

included measurement of the particulate matter loading, size distribution, ash resistivity, 

carbon content, and loss on ignition (LOI). The EMP-specified analytical and sampling 

methods were followed during the Phase III gaseous monitoring. 

32 Aaueous Streams 

The groundwater analyses performed during Phase III followed the EMP- 

specified analytical methods, with two exceptions. ASTM Method D1943-81 and ASTM 

Method 1890-81 are the analytical methods specified in the EMP for measuring gross 

alpha and gross beta, respectively. During testing, EPA Method 903.1 was used to 

determine the radioactivity of the groundwater. This EPA method is approved for 

NPDES work. 

For the sulfate measurement, EPA Method 375.4 was used (equivalent to 

ASTM D516-82), which is approved for NPDES work. However, ASTM Method 
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Table 3-1 

Sampling and Analytical Methods: Gaseous Streams 

‘Stream identification: s = Stack inlet gas; 
e = Economizer outlet gas; and 
p = Air preheater outlet. 

‘ECEM = E&active cdntinuous emissions monitor system. 
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Table 3-2 

Sampling and Analytical Methods: Aqueous Streams 

edtc Conductivi Conductititv Meter - EPA 120.1 

Gross Alpha Grab Proportional Counter - ASTM D1943-81 g 

Gross Beta Grab Proportional Counter - ASTM DlWCl-81 g 

Total Metals’ Grab Dissolution, ICAPES _ EPA ZOO.7 g 

Cadmium Grab Dissolution, AA - EPA 2L3.2 g 

‘Analytical methods: AA = Atomic absorption; and 
ICAPES = Inductively coupled argon plasma emissions spectroscopy. 

2Slream identification: a = Ash pond discharge; and 
g = Groundwater. 

‘lachtdes ‘&tminum, chromium, iron, manganese, and nickel. 
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Table 3-3 

Sampling and Analytical Methods: Solid Streams 

Monitcwed 
Parameter Sampling Method Analytical Method Streams ’ 

Ultimate and Proximate Analyses’ Grab/Composite Combustion/Gravimetry/Titration _ f 
ASTM D3176 

ChIOrin~ Grab/Composite Combustion/Absorption/Titration _ f 
ASTM D2361 

‘Stream identikaioo: f = Coal feed. 

2Andys~~ include carbott, hydrogen, nitrogen, suifur, moisture and ash. Oxygen is determined by difference, 
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Table 3-4 

Sample Information: Aqueous Streams 

PH 

(Ahtminum, Cadmium, 
Chromium, Iron, Manganese, 
Nickel) 

lP,= plastic; G = glass. 
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Table 3-5 

Sample Information: Solid Streams 

SCUllpIe 
Weight Container H0ldiIlg 

Parameter (9, Type Preservation Time (Days) 

Ultimate and Proximate Analyses 1,CGU Plastic Bag Eliminate air and seal --I 
and Chlorine 

‘The general holding time for solids held in the absence of air or other conditions which would promote 
oxidation is 180 days. 

D4327-84 was specified in the EMP. These changes from the EMP-specified methods 

are not expected to affect the results for these parameters. 

33 Solid Streams 

Coal samples were obtained by plant personnel. The specified analytical 

and sampling methods were used for the coal analyses. 
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4.0 GASEOUS STREAM MONITORING RESULTS 

This section presents the results of the gaseous stream monitoring per- 

formed during Phase III at Plant Smith. These results are also compared to those 

obtained during Phases I (Baseline) and II (LNCFS Level II) monitoring. Three streams 

were monitored as specified by the EMP: preheater outlet gas, economizer outlet gas, 

and stack inlet gas. The parameters selected for monitoring and their monitoring 

frequencies are presented in Table 2-2. 

Table 4-l presents the actual and planned gaseous stream monitoring 

during Phases IIIa and IIIb. As shown in this table, most of the planned EMP monitor- 

ing was performed during this testing phase. In some cases more than the planned 

amount of monitoring was actually conducted. Monitoring of the preheater outlet gas 

was not conducted as originally planned, especially during the diagnostic and verification 

test periods. However, sufficient data were obtained from which to develop analyses and 

draw conclusions. 

Appendix A contains all of the short-term results in tabular form. The 

daily averages obtained during long-term testing of the stack inlet gas are also listed. 

The following sections present the results of Phase III testing for gaseous 

streams, primarily in graphical form. These results are also compared to those from the 

previous testing phases. Section 4.1 presents the short-term monitoring results for the 

economizer outlet gas, including NO, emissions, SQ/SOr ratio, and particulate data. 

The short-term test results for SQ, CO, and THC in the stack inlet gas stream are 

presented in Section 4.2. The long-term monitoring results .for the stack irdet gas are 

presented in Section 4.3. Section 4.4 presents the results of compliance monitoring 

performed during the Phase III testing periods. 
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4.1 Short-Term Test Results for the Economizer Outlet Gas 

This section presents the short-term gas monitoring results for NO,, 

SO,/SQ- ratio, and several particulate matter parameters measured in the economizer 

outlet gas. 

4.1.1 Nitrogen Oxides Emissions 

Figures 4-1 through 4-5 present the average NO, emission rates as a 

function of oxygen levels in the economizer outlet gas for each of the five nominal 

operating load levels at which testing was performed (i.e., 200, 180, 135, 115, and 70 

MW). Since consistent results were obtained during diagnostic, performance, and 

verification tests at each load level during each testing phase, they have not been 

displayed separately. 

As expected, for each load level the NOx emission rate increased as the 

oxygen level increased. Data obtained at the highest operating load level, 200 MW, were 

insuffkient to permit much comparison of the test results obtained using different NO, 

reduction configurations. Compared to baseline operation, all of the retrofit NO, 

reduction configurations produced reductions in NO, emissions at 180, 135, and 

115 MW. Differences in NO, emission rates among the different LNCFS levels were not 

pronounced in most cases. At the lowest operating load level, 70 MW, ail of the 

observed NOx emission, rates were in the same range as those measured in the baseline 

configuration. Although emission trends were investigated during short-term testing, only 

the long-term test results were intended to be used in determining achievable NO, 

reductions. The long-term data are presented in Section 4.3. 
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4.1.2 SO,//sC+ Ratio 

During combustion, the majority of the coal sulfur is converted to sulfur 

dioxide, while a small fraction is further oxidized to sulfur trioxide (SO,). The concen- 

tration of sulfur trioxide is important from an environmental standpoint, since it will 

form sulfuric acid in the presence of water vapor. It is also important from a process 

standpoint, since SO, can have a beneficial impact on the operation of electrostatic 

precipitators. 

The average ratios of SO, to SQ- concentrations measured at each load 

level are shown in Figure 4-6 for all three test phases. For the Phase IIIa and IIIb tests, 

the 95% confidence intervals are included. Based on the available data, it does not 

appear that the NO,-reduction retrofits tested during this program affected the amount 

of Sq formed, relative to baseline operation. As expected, the amount of excess oxygen 

had the biggest impact on SO, formation. 

4.13 Particulate Loading 

Particulate loading was measured in the economizer outlet gas. The 

average loadings measured at 115, 135, 180, and 200 MW are shown in Figure 4-7 for all 

test phases. No clear and consistent trends were observed in particulate loading as a 

function of the level of NO, control technology employed. 

4.1.4 Particle Size Distribution 

Figure 4-8 shows the size distribution of the particulate matter in the 

preheater outlet gas measured for the 180 MW tests during baseline, LNCFS Level II, 

and LNCFS Level III testing. As shown in this figure, only minor differences were 

observed in the particle size distributions. Similar results were obtained at other load 

levels. 
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4.1.5 Carbon and LO1 Content 

Samples of the particulates collected in the economizer outlet gas by the 

mass loading trains were analyzed for carbon content and loss on ignition (LOI); these 

parameters are indicators of combustion efficiency during the test period. The results, 

shown in Figures 4-9 and 4-10, show that the carbon content and LOI were higher during 

the LNCFS Level III tests than for either the baseline or LNCFS Level II tests at all 

boiler loads. No clear trends were found for the LNCFS Level I data. The measured 

LO1 clearly consisted primarily of carbon, as shown in Figure 4-11. 

4.1.6 Particulate Matter Resistivity 

The resistivity of the particulate matter entering an ESP is an important 

variable that may impact particulate removal efficiency. Because of the high tempera- 

tures present at the hot-side ESP outlet and the low particulate matter loadings at the 

cold-side ESP inlet, in-situ resistivity measurements could not be made. Instead, 

laboratory resistivity measurements were made in simulated environments. The results 

are shown in Figure 4-12 for tests performed at the hot-side ESP temperatures. Higher 

resistivities were observed at each level of LNCFS testing relative to baseline, but the 

differences were not great, and all of the values obtained were sufficiently low such that 

ESP performance should not be greatly affected. 

4.2 Short-Term Results for the Stack Inlet Gas 

Because bubblers were used as flow meters in sampling the economizer 

outlet and preheater outlet gas streams, the data for SQ-, CO, and THC obtained from 

these streams are suspected to be biased low. This section presents the results obtained 

for these species in the stack inlet gas. In all cases, the data were corrected to a 3% 

oxygen concentration. 
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42.1 Sulfur Dioxide Emissions 

Figure 4-13 presents the stack inlet gas SQ- concentrations (corrected to 

3% 9) measured during the short-term tests as a function of unit load. As expected, no 

relationships were indicated between stack gas SQ- concentration and operating load or 

the oxygen concentration. Although the SQ- concentration in the stack gas is expected 

to be a function of coal sulfur content, the data showed considerable variability even 

over short time periods, and it is, therefore, not possible to determine a relationship. 

The data for each of the test phases are in the same general ranges as expected, given 

the similarities in coal sulfur content from one phase to the next. 

4.2.2 Carbon Monoxide Emissions 

The short-term stack gas CO concentration data are presented in Figure 

4-14. Many of the measured concentrations were in the same range for each test 

configuration, although there was considerable scatter in the data within each of the test 

phases. 

4.2.3 Total Hydrocarbon Emissions 

The data for THC concentration are shown in Figure 4-15. As with CO, 

no relationships were found between THC concentration and load or oxygen concentra- 

tion using the short-term data. In most cases, THC concentrations between 0.5 and 1.5 

ppmv were generally measured except during baseline testing, when considerably more 

data scatter was observed than during the subsequent testing phases. 

4.3 Lone-Term Monitorine Results 

Long-term monitoring consisted of continuous measurements of operating 

parameters while Unit 2 was under system load dispatch control. Unit load and 
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concentrations of O-, NO,, Sq, CO, and THC were measured and the results recorded 

using the computerized data acquisition system. Five-minute average data were used to 

compute hourly averages that were, in turn, used to compute daily averages. Some five- 

minute data were lost due to CEM outages. In these cases, data were treated using an 

adaptation of EPA’s NSPS guidelines for determining what quantity of data is sufficient 

for computing an hourly average for emission monitoring purposes. Only those days with 

at least 18 hours of valid hourly data were used in computing daily average emissions. 

Five-minute average data were used to evaluate the relationship between 

NO, concentration and load and between NO, and 9 levels in the stack gas at various 

load levels. Hourly average emission analyses, calculated from the five-minute average 

data, were used to assess hour-to-hour-variations in NO, emissions, Q- levels, and load. 

Daily average emission data were used to establish trends in emissions as functions of Q 

levels and load, and to calculate 30-day rolling NO, emission levels for each long-term 

monitoring period. The ETEC phase reports focus on the NO, emission results. This 

EMP report summarizes the emission trends for NO,, but also presents the emission 

trends for SQ, CO, and THC, based on the daily average data. 

4.3.1 Nitrogen Oxides Emissions 

Long-term daily average NO, emissions for all three project phases are 

plotted versus load in Figure 4-16. The data clearly show that NOx emissions were 

reduced at each level of LNCFS operation relative to Unit 2 baseline operation. 

Differences in NOx emission levels between the various levels of LNCFS operation 

cmmot be clearly determined from this figure. A statistical analysis of the five-minute 

average data shows the differences more distinctly. Figure 4-17 shows the average NO, 

emissions (in pounds per million Btu) for baseline operation and each level of LNCFS 

operation. At higher loads (135 MW to 200 MW), LNCFS Level III control reduced 

baseline NO, emissions by an average of about 45%, while Levels I and II resulted in 
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average reductions of 37%. The level of NO, reduction produced at LNCFS Levels II 

and III decreased appreciably at lower unit loads. 

4.3.2 Sulfur Dioxide Emissions 

Daily average SG- emissions data for ail three project phases are presented 

in Figure 4-18. AlUthough there is appreciable scatter in the data, the Sq emissions 

observed during all three phases appear to fall in the same range (i.e., 4 to 5 pounds per 

million Btu), consisrent with the similarities in coal sulfur content measured during all 

three phases. There did not appear to be any statistically significant differences among 

any of the test phases. 

4.3.3 Carbon Monoxide Emissions 

Average CO emissions data from the long-term testing periods of all three 

phases are presented in Figure 4-19. The average CO concentration in the stack inlet 

gas was roughly twice as high during LNCFS Level II and III testing compared to either 

the baseline or Level I (approximately 20 ppmv versus 10 ppmv). These concentrations 

correspond to emission rates of 0.02 and 0.01 pounds per million Btu, respectively. 

Some of the highest CO levels were measured during times when the average oxygen 

concentration, as shown in Figure 4-20, was highest. The reasons for this somewhat 

anomalous result are unknown. However, none of the CO levels observed were high 

enough to cause concern, and the average emission rates were all low. 

4.3.4 Total Hydrocarbon Emissions 

The long-term daily average THC emissions data are presented in Figure 

4-21. For the most part, the levels obtained during all three’phases varied from 0.5 to 

1.5 ppmv (corrected to 3% 0,). This concentration range corresponds to an emission 

rate of approximately 0.00025 to 0.00075 pounds of THC (expressed as methane) per 
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million Btu. There did not appear to be statistically significant differences among test 

phases. 

4.4 Comoliance hlonitoring 

The only gaseous stream compliance parameter included in the EMP 

monitoring is opacity in the stack inlet gas; this parameter is monitored continuously 

using a dedicated opacity meter. The opacity monitoring results were taken from 

quarterly compliance reports submitted to the Florida Department of Environmental 

Regulation. Copies of these compliance reports are included in the applicable quarterly 

and annual EMP progress reports. 

Table 4-2 presents the opacity exceedances for Unit 2 during the Phase III 

testing period, as well as the cause of each exceedance. The permit limit for Unit 2 is 

40% opacity during any six-minute monitoring period. 

As during the other monitoring phases, the number and length of 

exceedances of the 40% opacity limit were small compared to the total time of operation 

of Unit 2. For instance, there are a total of 240 six-minute averages per day. Most of 

the exceedances occurred during unit start up or shut down. A number of apparent 

exceedances were due to opacity monitor malfunction. Unit 2 did not exceed the excess 

opacity emissions allowed under Chapter 17-2.250 F.A.C. 
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Table 4-2 

Summary of Excess Opacity Emissions During Phase III’*’ 
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Table 4-2 (Continued) 

Number of Six-Minute 

‘T&s summary was taken from the quarterly compliance reports submitted to the florid2 Department of 
Environmental Regulation. 

2Tbe permit limit for opacity is 40% for Unit 2 based on a six-minute average. Unit 2 did not exceed the 
excess opacity emissions allowed under Chapter 17-2.250 FAX. 

‘The magnitude of the opacity emissions over the permit limit of 40 percent. For example, an exceedancc of 
2% means that the opacity was measured at 42 percent. 

‘Cause: D = Shut down; 
E = Equipment malfunction; 
M = Monitor malfunction; 
S = Soot blow; and 

u = start up. 
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5.0 AQUEOUS STREAM MONITORING RESULTS 

This section presents the results of aqueous stream monitoring performed 

during Phase III. Two aqueous streams have been designated for monitoring: ash pond 

discharge and groundwater. The parameters selected for monitoring are those required 

for compliance with Plant Smith’s existing NPDES permit. 

Table 5-l presents the actual and planned aqueous stream monitoring. As 

shown in this table, all of the planned monitoring was performed during Phase III. The 

aqueous stream monitoring results were taken from quarterly compliance reports 

submitted by Gulf Power Company to the Florida Department of Environmental 

Regulation. These compliance reports have been included as appendices to the quarterly 

EMP progress reports prepared and submitted to DOE for this project. 

Table 5-2 summarizes the results of the groundwater monitoring during 

Phase III. The average for each parameter is determined from the analyses of samples 

collected from the eight groundwater wells at Plant Smith. Appendix B contains the 

groundwater monitoring data for Phase III. 

Table 5-3 shows the results of the ash pond discharge analyses. Since there 

were no discharges from the ash pond during May of 1992 no analyses were performed 

for that month. There were no exceedances of the permit limits during any of the 

discharge periods. 
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Aqueous Streams: Actual and Planned Monitoring’ 

Table 5-l 

Gross Alpha 

Gross Beta 

Total Metals: 

AIuminum 

Cadmium 

Chrdmium 

Iron 

Manganese 

Nickel 

32116 

24/16 

32132 

32132 

32/32 

32132 

32132 

32/32 

(a) Ash pond discharge was monitored as required and reported to the Florida Department of 
Environmental Regulation. 

‘Groundwater samples are supposed to be collected from eight monitoring wells at least one time per 
quarter. Phase III testing was conducted during the last quarter of 1991 and the fat three quarters of 1992. 

*Example: 2/3 = two samples collected; three sampled planned. 
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Table 5-2 

Quarterly Groundwater Monitoring Results During Phase III 

Parameter 

Alumioum 
Cadmium 

Units 

m3/L 
mr/L 

Fourth Quarter 1991 

Average Std. Dev. RM%p 

1.57 1.54 0.04-3.80 

< fl.omo 0 N/A 

No. Values DetSti0ll 
< DL/No. Values Limit 

018 
8/8 flMul 

11 Chloride I me/L I 1.1561 1.874 I l.S-5.6M) 1 O/8 I ill 
Chromium mg/L 0.010 0.001 <O.OlO-0.012 6/g 0.010 

Conductivity umho/cm 4,036 5,649 xi-17,ocQ ‘W 
Iron mr/L 4.3 4.3 u-13 O/8 

II Mwlnanese I me/L I 0.121 0.181 <O.OlO-0.55 I 2/8 I TiiGll 
Nickel ML 0.062 0.011 0.039-0.071 W3 

PH S.U. 5.9 1.0 3.9-7.1 O/8 
Sdfate me/L 281 345 2.9-730 018 

Total Dissolved Solids 

Gross Alpha 

Gross Beta 

First Ouarter 1992 

II Parameter I Units 1 Averape 1 Std. De”. 1 Ranees 1 <D%%?;:ues I ‘;t? II 

II Ahminum I me/L I I.241 1.44 I <o.os-4.40 2/a 0.050 , -. 
Cadmium ML < 0.0050 0 WA I W3 0.0050 

Chloride v/L 1,295 5216 1 7.7-6,600 O/8 

II Chromium I me/L I <O.Ol I 0.00 I N/A 1 8/8 I 0.010 II 

Conductivity umho/cm 3,806 5,353 64-16,000 O/8 

Iron mg/L 3.40 4.06 0.49-u ‘W 

Maneaaesc mn/L 0.14 0.29 ~0.01-0.86 2/8 0.010 

Nickel mdL co.02 0.0 N/A 818 0.020 

PH S.U. 5.9 1.0 3.9-7.2 O/8 
SUhlC II&?/L 285 347 5.8-740 O/8 

Total D&solved Solids 

Grov Alpha 
Gross Beta 

WL 
pCi/L 
pCi/L 

2,2w 3,339 SQ10,000 W3 

l3.1 l3.8 <l-43 ‘J/8 1 

52.9 62.6 S.l-190 O/8 
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Table 5-2 (Continued) 



Table 5-3 

Results from Ash Pond Discharge Monitoring During Phase III 

TSS = Total suspended sotids. 
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6.0 SOLID STREAM MONITORING RESULTS 

The coal feed is the only solid stream sampled as part of the EMP. The 

coal is monitored to detect changes in composition that might impact the results 

obtained by the NO, reduction technologies. This section summarizes the results of the 

coal analyses performed during Phase III. Appendix C presents the data for each sample 

obtained during this phase. 

Table 6-1 presents the actual and planned coal feed monitoring. As shown 

in this table, most of the planned samples were collected. A statistical summarl, of the 

feed coal analyses during each of the Phase III test periods is given in Table 6-2. Figure 

6-1 presents some of the ultimate analysis parameters in graphical form. The figure 

shows that the coal analyses were quite consistent over all of the Phase III test periods. 

The results obtained during Phase III are also consistent with those from 

the previous phases. Table 6-3 presents a comparison of the 95% confidence intervals 

computed using the data from all three phases. Moisture content showed the greatest 

variability among the test phases. When the data are examined on a moisture-free bases, 

the values for the remaining parameters were found to be very consistent for all phases, 

6-l 



Table 6-1 

Solid Streams: Actual and Planned Monitoring’ 

Monitoring test elements: D = Diagnostic tests: 
P = Performance tests; 
L = Long-term monitoring; and 
V = Verification tests. 

’ 24/24 means 24 measurements taken/24 planned. 

2Analyses include carbon, hydrogen, nitrogen, sulfur, ash and moisture. Oxygen is determined by difference. 
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Figure 6-la. Comparison of the Results of the Coal 
Analyses During Each Test Element--Phase IIIa 
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Figure 6-lb. Comparison of the Results of the Coal 
Analyses During Each Test Element--Phase IIIb 
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Table 6-3 

Comparison of Coal Analyses: Phases I, 
(95% Confidence Intervals) 

II, and III 
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7.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The Environmental Monitoring Plan for the Plant Smith ICCT project 

includes a Quality Assurance/Quality Control (QA/QC) Plan. This QA/QC Plan 

describes procedures for producing data and results of acceptable quality, including: 

. Adherence to accepted methods: 

. Adequate documentation and sample custody; and 

. Quality assessment. 

This section presents the results of each of these QA/QC procedures 

performed during Phase III testing. 

7.1 Adherence to Acceoted Methods 

The sampling and analytical methods specified by the EMP and used 

during Phase III are summarized in Section 3 of this report. The preservation technique 

and holding time for samples are also presented. 

As discussed in Section 3, these methods were followed during the EMP 

monitoring. In a few cases, substances were measured by methods that were different 

from the EMP-specified methods, but the methods used are acceptable alternatives for 

these analyses and for NPDES work. 

7.2 Adeauate Documentation and Samole Custody 

At Plant Smith, the documentation and sample custody procedures that are 

part of the existing compliance monitoring programs have been approved by the state 

regulatory agency; these procedures were followed during the EMP activities. 
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Procedures for documentation and sample custody were reviewed as part of 

a Technical Systems Audit conducted by Radian Corporation from November 29 to 30, 

1990, during the Phase I performance tests. The audit included the activities of 

Spectrum, ETEC, and SoRI. The report containing the detailed results of this audit is 

reprinted as Appendix D. This audit found no major problems, and no formal recom- 

mendations were issued. 

7.3 Oualitv Assessment 

Quality assessment is provided by the collection and analysis of replicate 

samples. The results of these analyses provide the basis for estimating precision and 

accuracy for the parameters measured. 

During Phase III, replicate samples of the coal feed were collected and 

anaiyzed as summarized in Table 7-l. These results show that, in general, excellent 

accuracy, as measured using the coefficient of variation (COV), was obtained for most of 

the parameters measured. The COV was much less than 5% for all measurements 

except for six sets of chlorine measurements and four sets of oxygen measurements. The 

results for chlorine were expected because it is present at very low concentrations. Also, 

any errors in the measurement of the other parameters are reflected in the values 

obtained for oxygen since it is determined by difference. 
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Table 7-l 

Summary of Replicate Analyses for the 
Coal Feed Samples Collected During Phase III 

k Date 1 H20. 46 1 C. % 1 H. % 1 N. % 1 S. % 1 Ash. 8 1 0. % 1 Cl. % ii 

12/12/91 8.73 68.10 4.60 1.45 2.86 8.56 5.69 0.12 

12/12/91 8.55 67.68 4.62 1.45 2.68 7.88 7.14 0.18 

% cov 1.0 0.3 0.2 0.0 3.2 4.1 11.3 20.0 

12/15/91 8.73 66.88 4.55 1.36 2.88 9.39 6.24 0.1.5 

12/15/91 8.84 66.31 4.63 1.40 3.02 9.16 6.64 0.19 

96 cov 0.6 0.4 0.9 1.4 2.4 1.2 3.1 11.8 

01115192 8.07 67.07 4.55 1.46 2.72 10.16 5.97 0.13 

01/15/92 8.11 65.23 4.74 1.36 2.75 10.24 7.57 0.17 

‘A, cov 0.2 1.4 2.0 3.5 0.5 0.4 11.8 13.3 

06/09/92 8.25 66.98 4.39 1.40 2.81 9.39 6.79 0.13 

M/09/92 8.42 66.26 4.39 1.38 2.79 10.13 6.63 0.13 
% cov 1.0 0.5 0.0 0.7 0.4 3.8 1.2 0.0 

CWlO192 CWlO192 8.56 8.56 67.71 67.71 4.34 4.34 1.45 1.45 2.84 2.84 8.40 8.40 6.70 6.70 0.13 0.13 

M/10/92 M/10/92 8.69 8.69 67.24 67.24 4.66 4.66 1.41 1.41 2.83 2.83 8.93 8.93 6.24 6.24 0.13 0.13 

96 cov 96 cov 0.8 0.8 0.3 0.3 3.6 3.6 1.4 1.4 0.2 0.2 3.1 3.1 3.6 3.6 0.0 0.0 

06112/92 06112/92 8.49 8.49 66.87 66.87 4.12 4.12 1.44 1.44 2.85 2.85 1 1 9.01 9.01 7.22 7.22 0.10 0.10 

06/12192 06/12192 8.73 8.73 66.17 66.17 4.22 4.22 1.39 1.39 2.88 2.88 1 1 9.67 9.67 6.95 6.95 0.13 0.13 

w cov w cov 1.4 1.4 0.5 0.5 1.2 1.2 1.8 1.8 0.5 0.5 1 1 3.5 3.5 1.9 1.9 13.0 13.0 

WZe.= Coefficient of variation; COV is tbe standard deviation between the replicates divided by tbe wet-age 
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8.0 COMPLL4NCE REPORTING 

During Phase III, which began on December 5, 1991 and ended on 

September 18, 1992, compliance reports were submitted by Gulf Power Company to the 

Florida Department of Environmental Regulation, as required by Plant Smith’s air 

operating permit and NPDES permit. The compliance monitoring includes the particu- 

late loading and opacity of the stack inlet gas, as well as the ash pond discharge and 

groundwater monitoring. 

Copies of the compliance reports have been included as appendices to the 

quarterly and annual EMP progress reports for this project. 
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9.0 CONCLUSIONS 

The following conclusions were drawn as a result of the data presented in 

this EMP Phase III report: 

. Based on an analysis of the long-term monitoring data, LNCFS 
Level III controls reduced NO, emissions from Unit 2 by an average 
of 45% at higher load levels (135 to 200 MW), while average reduc- 
tions of 37% were achieved by both LNCFS Levels I and II. The 
level of control produced by LNCFS Levels II and III decreased 
appreciably at lower unit loads. 

. LNCFS Level III operation resulted in higher levels fly ash carbon 
and LO1 compared to either baseline or LNCFS Level II tests at all 
loads. The LO1 appeared to consist primarily of carbon. 

. The average carbon monoxide emissions were low, although they 
were roughly twice as high during LNCFS Level III testing than 
during the baseline testing (approximately 20 ppm versus 10 ppm 
corrected to 3% oxygen). The CO emissions during LNCFS Level 
II operation were approximately the same as for Level III at high 
loads, while Level I emissions were comparable to the baseline. 

. Most of the values obtained for total hydrocarbon emissions were 
low and in the same range during all test phases, 0.5 to 1.5 ppmv 
(corrected to 3% oxygen). 

. Although there was appreciable scatter in the data, sulfur dioxide 
emissions were comparable for all test phases, consistent with the 
similar coal sulfur content measured during all three test phases. 

. None of the LNCFS configurations appeared to have any apprecia- 
ble impact on the fraction of sulfur dioxide converted to SQ rela- 
tive to baseline operation. 

. No exceedances of permit limits for aqueous streams were observed 
during Phase III or any of the previous test phases. 
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Appendix A 

Phase IIIa and IIIb 

Gaseous Stream Monitoring Data 
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Appendix A presents the gaseous stream results obtained during Phase IIIa 

and IIIb testing. Table A-l presents the monitoring results by numbered test for the 

economizer outlet gas during diagnostic. performance. and verification tests. Similarly, 

Tables A-2 and A-3 present the results for the preheater outlet gas and stack inlet gas, 

respectively. 

Table A-4 presents the results of the particulate matter characterization for 

the economizer outlet gas during the performance tests. Table A-5 presents the sulfur 

trioxide and sulfur dioxide concentrations in the economizer outlet gas during the Phase 

IIIa and IIIb performance tests. 

Table A-6 presents the daily averages for the various monitored parame- 

ters during long-term testing. 
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Table A-4 

Results for the Economizier Outlet Gas 
During Phase III Performance Tests 

PARTICULATE LOADING - PHASE Illb 

92 lo-Jun-92 180 3.02 
2.n 

94 
I 

lt-Jun-92 
I 

180 
I 

3.28 
3.18 

95 6/U-14/92 115 2.96 
2.83 
2.81 

97 6/S16192 135 3.26 
3.34 
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Table A-4 (Continued) 

‘LNCFS Level III done during Phase IlIb. 

II 14-Dec.91 I 115 I 
1.0e+ 10 

1%Dee91 135 s.oe+o9 
7.0e + 09 

24%Dec.91 200 l.Oe+O9 

G9-Jun-92 

lo-Jun.92 

14-J-m-92 

16-Jun-92 

Phase IIIb 

200 

180 

115 

us 

8.0.~ + 08 
l.Oe+O9 

1.0e+09 
l.Oc+W 

5.0e+o9 
9.0e+o9 

4.0e + 09 
Toe+09 
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Table A-5 

SO, and Sq Results for the Economizer 
Outlet Gas Phase IIIa Performance Testing 

Date 

12.Dec.91 

Laad 
(Mw) 

180 

so3 
Wm) 

13 
15 

sQ2 
(ppmv) 

2,036 
2.028 

SW=4 
Ratio (70) 

0.64 
0.74 

16 21066 0.77 
9 2,035 0.44 

l3-Dec.91 180 Y 2.082 0.43 
Y 2,087 0.43 
10 2.081 0.48 

II 10 2,089 0.48 
I 

14-Dee-91 lls 7 1,861 0.38 
Y 1,951 0.46 
9 1,950 0.46 
10 1,938 0.52 

LS-Dec.91 115 5 1,870 0.27 
5 1,877 0.27 
5 135 0.26 
6 1,918 0.31 

17-Dee-91 us 5 :E 0.25 
6 0.30 
6 1,979 0.30 
7 1,987 0.35 

1%Dec.91 135 12 1,966 0.61 
11 1,978 0.56 
11 1,977 0.56 
12 1.981 0.61 

19-Dee-91 180 15 2,057 0.73 
(Piine Coal) 16 Lo45 0.78 

16 2.043 0.78 

2O-Dee-91 200 14 2,138 0.65 
16 2x33 0.75 
16 2,189 0.73 
16 2,179 0.73 
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Table A-5b 

S% and SO, Results for the Economizer Outlet Gas 
Phase IIIb Performance Testing 

Date 

lo-Jun.92 

Load 
(MW 

180 

SO3 sq SWW 
(ppmv) (ppmv) Ratio (70) 

15 2,359 0.64 
15 2355 0.64 
14 2.341 0.60 
15 2.366 0.63 

11.Jun.Y2 IX0 4 2,317 0.39 
Y 2,335 0.39 
Y 2,347 0.38 
9 2.350 0.38 

12.Jun-92 180 15 2,252 0.67 
(Level 111 15 2,251 0.67 

Conditions) 15 2.274 0.66 
15 2,252 0.67 

U-Jura-92 115 7 2,055 0.34 
7 2,031 0.34 
8 2,044 0.39 
8 2054 0.39 

14-Jun.92 115 10 2,093 0.48 
11 2,104 0.52 
11 2,120 0.52 
12 2,101 0.57 

L5-Jun.92 135 Y 2,103 0.43 
Y Lo91 0.43 
9 2,110 0.43 
9 2,101 0.43 

19sJim-92 135 9 2,178 0.41 
10 2.173 0.46 
10 2,166 0.46 
10 2.156 0.46 
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Appendix B 

Phase IIIa and IIIb 

Aqueous Stream Monitoring Data 

B-l 



Table B-l presents the analytical results for the groundwater monitoring 

during Phase III. Data are presented for the eight monitoring wells sampled. All of the 

monitoring data for the ash pond discharge are presented in the body of this report 

(Section 5). 
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Appendix C 

Phase IIla and lllb 

Solid Stream Monitoring Data 

C-l 



Table C-l presents the results for the analysis of coal samples obtained 

during each test element in Phases IIIa and IIIb. 
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