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LEGAL NOTICE 

This report was prepared by Radian Corporation for Southern Company 

Services, Inc. pursuant to a cooperative agreement partially funded by the U.S. 

Department of Energy and neither Southern Company Services, Inc., nor any of its 
subcontractors, nor the U.S. Department of Energy, nor any person acting on behalf of 

either: 

1. Makes any warranty or representation, express or implied with 
respect to the accuracy, completeness, or usefulness of the 

information contained in this report or that any process disclosed in 

this report does not infringe upon privately-owned rights; or 

2. Assumes any liabilities with respect to the use of or for damages 
resulting from the use of any information, apparatus, method, or 

process disclosed in this report. 

Reference herein to any specific commercial product, process, or service by 

trade name, trademark, manufacturer, or othetwise does not necessarily cons&e or 

imply its endorsement, recommendation, or favoring by the U.S. Department of Energy. 

The view and opinions of authors expressed herein do not necessarily state or reflect 

those of the U.S. Department of Energy. 
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EXBCUTIVE SUMMARY 

This report summarizes the results obtained during Environmental 

Monitoring Program (EMP) activities conducted during the Phase 3 testing of an 

Innovative Clean Coal Technology (ICCT) demonstration of advanced wall-fired 

combustion techniques for the reduction of nitrogen oxide (NO.) emissions from coal- 

fired boilers. This third phase included demonstrations of Low NOx burners (LNB) and 

Advanced Overfire Air (AOFA) retrofits to existing Foster-Wheeler (FWEC) burners. 

Since this was the final test phase, this document also serves as the final EMP report; 

results from all previous test phases are included for comparison. The project was 

conducted at Georgia Power Company’s Plant Hammond~Unit 4, located near Rome, 

Georgia. 

The primary goal of this project was to character& the effectiveness of 
low NO= combustion equipment through the collection and analysis of long-term 

emissions data supported by short-term characterization data. During each test phase, 

diagnostic, performance, long-term, and verification tests were performed. The advanced 

combustion techniques used in this demonstration project were tested using the following 

phased approach: 

Phase 1: Baseline testing on the “as found” Unit 4 boiler; 

Phase 2: AOFA installation and testing; 

Phase 3a: WB installation and testing; and 

Phase 3b: LNB plus AOFA testing. 

EMP activities included sampling and analyses performed during each 

phase’s testing periods, together with compliance monitoring performed on gaseous and 
aqueous streams. Energy Technology Consultants, Inc. (ETEC) was 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 was responsible to 

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

During Phase 3a, a total of 52 diagnostic and 9 performance tests were 

performed, together with 93 days of long-term testing; time constraints precluded the 

performance of any verification tests during thfs phase. During Phase 3b, 53 diagnostic, 

6 performance, and 12 verification tests were performed, together with 61 days of long 
term testing. All of the sampling and analytical methods used were specified and 

approved in the Environmental Monitoring Plan prepared for this project. 

The following conclusions were drawn from the results presented in this 

EMP Phase 3 and Final Report: 

. NOx emissions were progressively reduced relative to baseline levels 
using AOFA, LNB, and combined LNB/AOFA technologies. Based 
on the analysfs of the long-term data, NOx emissions reductions 
during high load operations were 24% using AOFA, 48% using 
LNB, and 67% during combined LNB/AOFA operation. The 
AOFA NOx emissions reduction decreased to about 12% when 
operating at low loads (i.e., 300 MW); reductions using LNB and 
LNB/AOFA remained more nearly constant over the range of 
boiler operating conditions. 

. All three NO8 reduction technologies resulted in increased levels of 
loss-on-ignition (LOX) and carbon in the boiler outlet solids, 
indicative of a small decrease in overall coal utilization compared to 
baseline operation. AOFA operation showed the greatest impact; 
both LOI and carbon levels in the fly ash were nearly twice as high 
as those observed during baseline testing. Smaller increases relative 
to baseline were observed during LNB and L.NB/AOFA operations. 
The LOI appeared to consist primarily (i.e., over 90%) of unburned 
carbon. 

. Carbon monoxide levels in the outlet gas streams appeared to be 
related primarily to the levels of excess oxygen used; CO levels were 
lower at higher oxygen levels. At lower oxygen levels, the average 
CO concentration during combined L.NB/AOFA operation 
remained higher than that measured during other test phases. 
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. Total hydrocarbon (THC) emissions were low during all test phases. 
Tbe average THC concentrations did not appear to be functions of 
either operating load or excess oxygen concentration. 

. Sulfur dioxide emissions were comparable during all test phases. 
The average SQ emission rates appeared to vary directly with coal 
sulk concentration, as expected, although individual results showed 
considerable variability. 

. AOFA operation did not appear to have any appreciable impact on 
the ratio of SO, to SQ relative to baseline operation. However, 
this ratio was higher during LNB and combined LNB/AOFA 
operation at most load levels. 

. Particulate loading was approximately 20% higher during LNB and 
combined LNB/AOFA operation than during baseline operation. 
The average 5y ash resistivity was consistently high during-combined 
L.NB/AOFA operation, and approached levels at which the ESP 
operation could begin to be adversely affected; resistivities from all 
test phases approached these levels at high load operation. 

. Aqueous stream monitoring showed exceedances of permit limits 
only during a single ash pond emergency discharge situation. This 
incident was not related to the NO, reduction test program. 
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1.0 INTRODUCI’ION 

As an Innovative Clean Coal Technology demonstration, this project, 

entitled “500 MWe Demonstration of Advanced, Wall-Fired Combustion Techniques for 

the Reduction of Nitrogen Oxide (NOJ Emissions from Coal-Fired Boilers,” was 

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. (SCS) and submitted to DOE on’september 14, 1990 ‘. The EMP 

includes supplemental and compliance monitoring of a number of 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 3a and 3b (Low NO, Burner and 
combined Advanced Overtire Air and Low NOx Burner configurations, respectively) and 

compares these results to those obtained during the previous phases of the project. 

1.1 Project 

Southern Company Services signed a Cooperative Agreement for this ICCI 

Round II project on December 20, 1989. The project investigated a number of retrofit 

NO, reduction techniques on Unit 4 at Georgia Power Company’s Plant Hammond, near 

Rome, Georgia. Emissions and performance were characterized for this wall-fired boiler 

while operating in the following configurations: 

. Baseline (“as-found”) configuration - Phase 1; 

. Advanced Overfire Air (AOFA) retrofit - Phase 2, 

‘Some changes in the EMP are still under consideration by DOE. 
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. Low NOx Burner (LNB) retrofit - Phase 3a; and 

. Combined AOFA and LNB configuration - Phase 3b. 

The major objectives of the project were to: 

. Demonstrate (in a logical stepwise fashion) the performance of 
three combustion NO= control technologies (i.e., AOFA, LNB, and 
AOFA plus LNB); 

. Determine the short-term NO, emission trends for each of the 
operating configurations; 

. Determine the dynamic long-term NO, emission characteristics for 
each of the operating configurations using advanced statistical 
techniques; 

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

. Determine the effects on other combustion parameters (e.g., CO 
production, carbon carry-over, particulate characteristics) of. applying 
the low NOx combustion technologies. 

Each of the four project phases involved three distinct testing periods: 

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

short-term characterization testing established trends of NO, emissions, as related to 

various operating parameters, and established the influence of the operating mode on 

other combustion parameters. The long-term characterization testing, which took place 

over 50-80 days (or more) of continuous testing, established the dynamic response of 

NO, emissions while the unit was operated under normal system dispatch conditions. 
The short-term verification testing was conducted to determine if any fundamental 

changes in NO, emission characteristics occurred during the long-term test period. 

EMP activities consisted of sampling and analyses performed during each 
phase’s testing periods, together with compliance monitoring performed on gaseous and 

1-2 



aqueous streams. Energy Technology Consultants, Inc. (ETEC) has prepared Phase 
Reports containing all of 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 Topical Reports “Innovative Clean Coal Technology (ICCT) 500 MW 
Demonstration of Advanced Wall-Fired Combustion Techniques for the Reduction of 

Nitrogen Oxide (NO,) Emissions from Coal-Fired Boilers” for Phases 3a and 3b, dated 
March 9, 1993, and December 10, 1993, respectively, for additional test results. 

1.2 Proiect Oreanization 

The project organization is shown in Figure l-l. The SCS Project Manager 
has overall responsibility for project execution. ETEC has responsibility for both the on- 

site testing and the analysis of data for all project phases. Spectrum Systems, Inc. 

provides a full-time, on-site instrument technician who is responsible for operation and 

maintenance of the data acquisition system (DAS), which is housed within the instrument 

control room. Southern Research Institute (SoRI) is responsible for testing related to 

the flue gas particulate measurements during the performance testing portion of the 

short-term characterization tests. Flame Refractories, Inc. (Flame) is responsible for 
activities related to fuel/air input parameters and furnace output temperature 

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

tests. W. S. Pitts, Inc. (WSPC) is responsible for analysis of the emission and 

performance 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 Hammond Unit 4 Descriotion 

Four generating units, with a total capacity of 800 MW, operate at 
Plant Hammond. Units 1 through 3 are 100 MW wall-6red boilers. Unit 4, a Foster 

Wheeler opposed wall-fired boiler rated at 500 MW, is the site of the ICCT combustion 

modification project. Six mills provide pulverised eastern bituminous coal to 24 

Intervane burners arranged in a matrix of 12 (three rows of four burners) on the front 
and rear walls. Each mill provides cord to four burners. 

Unit 4 is a balanced draft uuit with two forced draft and three induced 
draft fans. Particulate emissions are controlled by a cold side ESP. The flue gases exit 

the economiser through two Ljungstrom air preheaters, pass through tbe cold side ESP, 

then through the induced draft fans and finally out to the stack. All four units at 
Plant Hammond exhaust to a single 750 foot high stack. The exhaust gas streams from 

Units l-3 are combined and discharged through a single liner, while Unit 4 exhausts 
through a separate liner. 

Wastewater from low-volume waste streams, coal pile runoff, and the ash 

sluice system flows into three on-site ash ponds, from which blowdown is discharged, 

along with once-through cooling water, to the Coosa River. Solid waste, in the form of 

bottom ash and fly ash, is sluiced to the ash pond system. 

Figure l-2 is a simplified schematic flow diagram of Unit 4 showing the 

major coal, air, and flue gas streams, as well as the locations of the EMP sampling 

points. 

1.4 Reoort Oreanization 

The remainder of this report is organised as follows: 
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Section 2 describes the NO, reduction technologies tested and 
discusses the EMP monitoring planned for each of the test periods 
during Phases 3a and 3b; 

Section 3 briefly summarises the sampling and analytical methods; 

Section 4 presents and discusses the gas stream monitoring results; 

Section 5 presents and discusses the aqueous stream monitoring 
results; 

Section 6 presents and discusses the solid stream monitoring results; 

Section 7 discusses EMP-related quality assurance/quality control 
activities performed during Phases 3a and 3b; 

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

Section 9 presents conclusions based on the EMP monitoring results. 

Appendix A contains data tables for each of the streams monitored as part 

of the EMP. 
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2.0 TECHNOLOGY DESCRIPTION AND PHASE 3 EMP MONITORING 

2.1 Technolow Descriotion 

During this ICCT Round II program, three basic NO, control technologies 

were demonstrated and compared to the “baseline” configuration. The technologies 
investigated are: 

. Advanced Overtire Air (AOFA); 

. Low NO, Burner (LNB); and 

. Combined LNB and AOFA operation. 

For the purposes of thii demonstration the baseline configuration was 

defined as the “as found” configuration of Unit 4. The “as found” configuration was 

further defined as the configuration under which the unit was operated in the recent past 
prior to retrofit activities. In the case of Hammond Unit 4, this consisted of operation 

with some existing burner-related problems. 

The advanced overfire air system (AOFA) provided by Foster Wheeler 

Energy Corp. for Phases 2 and 3b of this demonstration incorporates separate injection 

port and duct configurations designed to provided increased secondary air penetration. 

This is done by supplying secondary air from completely separate aerodynamically 

designed ducts located above the existing burner windbox. The ports themselves are also 

designed to provide increased penetration velocities. ‘The AOFA system was retrofitted 
to Unit 4 prior to Phase 2 testing. The retrofit consisted of ducts, dampers, various 

instrumentation and controls, and overfire air ports above the top burner rows on both 

the frond and rear furnace walls. The overfire air is extracted from the two main 
secondary air ducts between the air flow venturis and the entrances to the combustion 
air windbox. Figure 2-1 shows the major components of the AOFA retrofit. 
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Figure 2-1. AOFA Retrofit Configuration (Source: ETEC Phase 2 Report) 
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Figure 2-2. Low NO, Burner Installed at Plant Hammond 
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For Phases 3a and 3b, Foster Wheeler supplied their Controlled Flow-Split 

Flame (CF/SF) burner for retrofit into the existing wall penetrations of the 24 Intervane 

burners. Figure 2-2 is a schematic illustrating the CF/SF burner. The CF/SF burner 

utilixes the principle of separating the fuel and air streams in the primary combustion 

zone. The unique design features of the burner allow low NOX operation with shorter 
flames than may result from other wall-fired burner designs. 

2.2 Phase 3 EMP Monitoring 

Phases 3a (LNB) and 3b (LNB + AOFA) each consisted of three test 

elements: short-term characterixation, long-term characterization, and short-term 

verification tests. 

Short-term characterixation tests were performed to establish the trends of 

NO, emissions under the most commonly used boiler operating conditions. The short- 
term testing was divided into two elements: diaenostic tests and performance tests. 

Diagnostic tests were used to establish gaseous emission trends, and lasted from one to 

three hours at each set of operating conditions. Performance testing was used to 

establish boiler efftciency and steaming capability as well as gaseous and particulate 

emissions and mill performance. Each performance test lasted from 10 to 12 hours. All 

of the short-term characterization tests were conducted with the unit in a fifed 

configuration while it was off system load dispatch, to ensure steady boiler operation. 

The primary operating parameters that were varied during these tests included boiler 

load, excess oxygen, mill pattern, mill bias, and AOFA damper position. The emphasis 

of the Eh4P was on the gaseous and particulate emissions data obtained during these 

tests, as well as the coal feed characteristics. During Phase 3a, a total of 52 diagnostic 
tests and 9 performance tests were conducted. During Phase 3b, a total of 53 diagnostic 
tests and 6 performance tests were conducted. 
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Long-term testing was conducted under normal system load dispatch 
control. ‘Long-term testing provided emission and operational results that were 

subsequently subjected to sophisticated statistical analyses to obtain a true representation 

of the emissions from the unit. Data were recorded continuously over each of the long- 

term testing periods, which lasted 93 days during Phase 3a and 61 days during Phase 3b. 

Following the long-term testing period, verification testing was conducted 
to determine whether changes in unit condition and coal feed had occurred that might 

have had an impact on the interpretation of the long-term test data. Verification tests 

were conducted in a maturer similar to the diagnostic tests; four or five basic test 

configurations were typically tested during this short effort. A total of 12 verifizxtion 

tests were conducted during Phase 3b; no verification tests were conducted during Phase 

3a due to time constraints. 

Table 2-l is a summary of the tests performed during Phase 3. For each 
series of tests, the table shows the dates. 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 series of tests. 

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

for gaseous, aqueous, and solid streams, respectively, for Phase 3. 
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Table 2-l 

Test Summary for Phases 3a (LNB) and 3b (LNB t AOFA) 

Lximtic 

PCrfOllD~cC 

Lang-Tern Cbaracterizatioa 

Verification 

Phase 3P 

07/09/91 - 07/l5/91 
07/18/91 - 07/20/91 
11/16/91 - 11/19/91 
01/14/92 - Ol/l5/92 

07/16/91 - 07/17/91 
07/u/91 - 07/28/91 

08/07/91 - u/19/91 

No tats performed 

Phase 3b 

52 15 

9 8 

NA 93 

0 ‘0 

NA = Not applicable. 
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Table 2-2 

Gaseous Streams: Integrated EMP Monitoring Schedule ‘J 

’ Monitoring pklv elements: 
D - Diiic tests 
P - Perfornuna teas 
L - hg-term‘sru 
v - Verili~tion kstr 

‘hfollitming frqucnry: 
. - .41kast?.anngcspr:crt 
b - Atlurt10.wagcspcrtcst 
d - Canposits of solids from mass loading mwsurxncnt 

nlr * Smnpkd a minimum of n rinks per lest 
c - cantinuwr 
A - Amud 

{c] - fhnphncc plnmetcr 

‘The KVB C&f is configuxd Y) Ibat flue gas r~mpks can be dram Imm Ihc economizcr outlet. air hutcr outlcr. and sack. Except 

for Ike crack probe, alI liner pas through individual now control ~lver and bubblcrr. 

‘Dpacily is measured in the stack using a dedicakd monitor. 
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Table 2-3 

Aqueous Streams: Integrated Monitoring Schedule 

Total SusDendcd Solids 2/M lclZ I 2/M lcl I II 
11 oH I 2/M Icl I I 2/M Icl II 
11 Oiland Grease 2/M 1.~1 I 2/M lcl I II 

‘Ash pond emergency overflow is sampled only during discharge. 

ZMonitoring frquency 

2/M = Twice per month. 

ICI = Complirmec monitoring. 
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3.0 SAMPLING AND ANALYTICAL METHODS 

The sampling and analytical methods specified by the Environmental 

Monitoring Plan and used during Phase 3 are s ummarkd in Tables 3-1 through 3-3. 

The ETJX Phase Reports contain additional details on the sampling and analytical 
methods used in this project. 

There were no deviations from the sampling and analytical methods 

specified in the EMP. 

3.1 Gaseous Stream Parameters 

The KVR Extractive Continuous Emissions Monitor was used to provide 

quantitative analyses for NOx, SQ, CO, 4, and total hydrocarbons. SoRI was 
responsible for solid and sulfur (St&, Sq) emissions testing, which included 

measurement of particulate matter loading, size distribution, ash resistivity, carbon 

content, and LOI. 

3.2 Aoueous Stream Parameters 

The streams and parameters to be monitored and the monitoring schedules 

are specified in the Georgia Department of Natural Resources NPDES Permit No. 

GAOO01457. Georgia Power personnel obtained samples and performed all aqueous 

parameter analyses. Results presented in this EMP report were obtained from 

Operation Monitoring Reports submitted by Georgia Power. 

3.3 Solid Stream ParameteB 

Plant personnel obtained coal, bottom ash, and ESP fly ash samples. The 

CEGRIT on-line samplers automatically collected grab samples of fly ash in the furnace 
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Table 3-1 

Sampling and Analytical Methods Summary: Gaseous Streams 

Western Research Ultraviolet 

I GAS I Siemens NDIR 

GAS 

GAS 

TECO Chemiluminescence 

Thermox C+ Electroanalytic 
(stack gas) and Yokagawa in- 
situ Q probes (economiser 
outlet and air preheater outlet) 

Cheney-Homolya Titration 
Controlled Condensation 

Total Hydrocarbons 

Particulate Matter: 
Loading 
Size. Distribution 
Carbon Content, % 
Resistivitv 

GAS 

EPA Method 17 
Isokinetic 

EPA Method 17 
In-Situ Probe 

Rosemount FID 

Gravimetric 
Gravimetric 

Electrode Cell 

GAS = Continuous extractbe and in situ gas analysis system. 
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Table 3-2 

Sampling and Analytical Methods: Aqueous Streams 

Total Suspended Solids Grab 

PH Grab 

oil and Grease Grab 

Fduation/Drying/Gravimclric; EPA 1602 

Electrometric; Std Methods 432 

Freon Extractioa/Gravimctric; EPA Method 

Table 33 

Sampling and Analytical Methods: Solids Streams 

ultimate AnaIyscs 

Moisture Content 

Grab/Composite 

GrabKomoositc 

ChlOtiC Grab/Composite 

Hiicr Heating Value Grab/Composite 

SldftU Grab/Composite 

Ash Grab/Composite 

VaIatiIc/Scmivolatilc Organica Grab/Composite 

Combustion/Gravimctric/Titration; ASTM D3176 

Gravimetric: ASTM D3173 H 

Fusion/K or Titration: ASTM D2361 

Combustion; ASTM D2015 

High Temperature Combustion; ASTM D3177 

Combustion/Gravimetric; ASTM D3174 

Purge-and-Trap or Extraction/GC/MS/ Analyses; 
EPA 8240,827O 

Combustion/Gravimetric; ASTM D3174 

Rcsistivity Cell (ASME PTC 28); Descending 
Temoerature Test (IEEE 5481 
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backpass. Coal samples were shipped to Alabama Power’s General Test Laboratory in 

Birmingham, where they were subjected to proximate and ultimate analyses. Loss-on- 

Ignition (LOI) merurements were performed on bottom ash, ESP fly ash, and CEGRIT 

5y ash. 
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4.0 GASEOUS STREAM MONITORING RESULTS 

This section presents the results of the gaseous stream EMP monitoring 

performed during Phases 3a and 3b. These results are also compared to those obtained 

during Phase 1 (baseline) and Phase 2 (AOFA) monitoring. Three gas streams were 
monitored as specified in the EMP: economiser outlet gas, air preheater outlet gas, and 

stack gas. 

Table 4-1 presents the actual and planned Phase 3 gaseous stream 
monitoring. As shown in this table, most of the planned EMP monitoring was performed 

during Phases 3a and 3b. In some cases, especially for the economizer outlet g-as and 
stack gas, more than the planned amount of monitoring was actually conducted. 

Monitoring of the CO, NOx, and Q in the preheater outlet gas was not conducted 
during any Phase 3a and 3b test periods. However, SQ/SC+ and particulate matter 

monitoring data were obtained from the preheater outlet gas. These data, combined 
with the monitoring data from the economizer outlet gas and stack gas, were quite 

sufficient for a complete analysis and evaluation of the monitoring results. 

Appendix A contains all of the short-term results for Phases 3a and 3b in 

tabular form. The daily averages obtained during the Phase 3a and 3b long-term testing 

periods are also listed. 

The following sections present the results of the Phase 3a and 3b testing 

for gaseous streams, primarily in graphical form. These results are also compared to 

those from the Phase 1 baseline and Phase 2 AOFA testing. Short-term NO, monitoring 

results for the economizer outlet gas stream are presented as a function of the oxygen 
content in the economizer outlet, since this eliminates any impact of flue gas dilution on 
the results. These results are given in Section 4.1. The short-term monitoring results for 
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SQ, CO, and THC in the stack gas stream were selected for presentation in Section 4.2. 

Since bubblers were used as simple 5ow meters for the other gas stream sample probes, 

the results for these streams may have been biased because of analyte dissolution. The 

SOJSQ and particulate matter results for the preheater outlet gas are presented in 

Section 4.3. The long-term stack gas testing results are presented in Section 4.4. Section 
4.5 presents the results of compliance monitoring conducted during Phases 3a and 3b. 

4.1 Short-Term NO. Results for the Economizer Outlet Gas 

In Figures 4-l through 4-5, NO, emission data obtained during the short- 

term testing periods for all test phases are presented as a function of economizer outlet 
gas oxygen concentration for each of the five nominal operating load levels at which 

testing was performed (i.e., 480, 450, 400, 300, and 180 MW). Consistent results were 

obtained during diagnostic, performance, and verification tests at each load level. At 
most loads. tbe NO, emission rate increased slightly at higher economizer outlet gas 
oxygen levels during both LNB and combined JJB/AOFA operation. Progressively 

lower NO, emissions were obtained at each load level using AOFA, LNB, and combined 

LNB/AOFA. Although emission trends were investigated during short-term testing, only 
the long-term test results were intended to be used in determining achievable NOx 

reductions. The long-term NO, data are presented in Section 4.4. 

4.2 Short-Term Results for the Stack Gas 

4.2.1 Sulfur Dioxide Emissions 

As expected. no relationships were found between stack gas SQ emissions 

and operating load or 5ue gas oxygen concentration. SC+ emissions are related to coal 
sulfur content as shown in Figure 4-6 where the average SQ emissions are plotted 
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Figure 4-3. Short-Term NO= Emissions Versus Economizer 
Outlet Gas Oxygen Concentration at 400 Mw: All Test Phases 
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against the average coal sulfur content for each of the test phases. Average SQ 

emissions were slightly higher during the phases when the coal sulfur content was higher; 

there was significant scatter in the individual data points during all test phases. 

4.2.2 Carbon Monoxide Emissions 

The average short-term stack gas CO concentrations for all test phases are 

plotted versus the average stack gas oxygen content in Figure 4-7. Although there was 

significant scatter in the individual data points during ah test phases, the average CO 
concentration decreased, at the lower oxygen levels, as the excess oxygen content 

increased. At the higher oxygen levels, the CO content was relatively insensitive to 
oxygen level, and no significant differences were observed between test phases. Only the 

general trends can be inferred from Figure 4-7, however, because for some ranges of 

oxygen content there were relatively few data points from which the averages were 

computed. This was especially true for tests performed at low oxygen levels. 

4.23 Total Hydrocarbon Emissions 

Figure 4-8 presents the average total hydrocarbon (THC) concentration in 

the stack gas as a function of the oxygen concentration in the stack. The average THC 

concentration shown for L.NB operation at 5% oxygen was based on a single data point. 

With the exception of this data point, it appears that average THC concentrations did 

not vary greatly with oxygen content for any of the test phases. The average THC levels 
during short-term baseline tests were somewhat higher than those observed during tests 

of the various NO, reduction technologies. There were a large number of “zero” THC 
values during the combined LNB/AOFA short-term tests; it is not known whether the 
THC monitor was functioning properly during these periods. Thus, the average THC 

levels shown in Figure 4-8 may be biased low. 
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43 

Monitoring for SOJSQ and several particulate matter parameters in the 

preheater outlet gas stream was conducted during the Phase 3a and 3b performance 
testing periods. Results are summarized in this section. 

4.3.1 SOJSQ Ratio 

During combustion, the majority of the coal sulfur is converted to sulfur 
dioxide, while a small fraction is further oxidized to sulfur trioxide. The concentration 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 

it can have a beneficial impact on the particulate removal efftciency of the electrostatic 
precipitators. 

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

level are shown in-Figure 4-9 for all test phases. At loads of 400 and 480 MW, the 

SOJSQ ratios were higher by a factor of 2 to 3 for LNB and combined LNB/AOFA 
operation than for AOFA alone or baseline operation. At 300 MW, LNB operation 

resulted in a higher SO,/SQ ratio than was observed during the other test phases. 

4.3.2 Particulate Loading 

Particulate loading was measured in the flue gas exiting the air preheater. 

Average loadings measured at 300, 400, and 480 MW are shown in Figure 4-10 for all 
test phases. These results show that the average particulate loading was slightly higher 
during LNB and combined LNB/AOFA operation than was measured during baseline 

tests. 
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4.33 Particle Sic Distribution 

Figure 4-11 shows the size distribution of the particulate matter in the 

preheater outlet gas measured during Phase 3a. The results are very similar to those 

obtained during previous test phases. The Phase 3b data were not available for inclusion 

io this report. 

43.4 Carbon and LO1 Content 

The amount of unburned carbon and the loss on ignition (LOI) measured 

in samples of fly ash particulates are indicators of Unit 4 combustion efftciency during 

each test period. These two parameters were measured using the particulate samples 
collected to determine particulate loading. The results, shown in Figures 4-12 and 4-13 
indicate that AOFA operation had the greatest impact on the amount of carbon 

remaining in the fly ash; the amount of carbon in the fly ash during AOFA operation 
was nearly twice that observed during baseline testing Levels of carbon and LOI above 

baseline levels were also observed during LNB and combined LNB/AOFA operation. 

Figure 4-14 shows the relationship between the MI and the carbon content of the fly 

ash, indicating that the measured LOI was primarily carbon. 

43.5 In-Situ Particle Resistivity 

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

variable that may impact particulate removal efficiency. FTEC has suggested that ESP 

performance may be adversely impacted if the resistivity exceeds 2 - 5 x Id0 ohm-cm. 
The average resistivities of the particulates, measured in situ using the spark method, 
during each test phase are plotted versus nominal load in Figure 4-15. Similar 
resistivities were obtained using the voltage-current (V-I) method. No consistent trends 

in resistivity were observed between test phases. At 300 hfW, the resistivities measured 

during the combined LNB/AOFA operation were somewhat higher than for the other 
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test phases. At 400 MW, the resistivities measured during all test phases were similar. 

At 480 MW, the measured resistivities were actually lower during LNi3 and combined 

INR/AOFA operation than for baseline or AOFA operation. This may be due, in part, 
to the impacts of higher SO, concentrations found during LNB and combined 

LNR/AOFA operation. 

4.4 Iott+Term Monitorine Resultg 

Long-term testing consisted of continuous measurements of selected 
operating parameters while the unit was under system load dispatch control. Unit load 

and concentrations of Q, NO,, SQ, CO, and THC were measured and 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 occasionally lost due to CEM outages. In these cases, data were 

treated using an adaptation of EPA’s NSPS guidelines for determining how much data 

are sufficient to compute an hourly average for emission monitoring purposes. In the 

case of daily average emissions, only those days meeting the NSPS guideline of at least 
18 hours of valid hourly data per day were used. 

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

NQ and load, and between the NO, and Q levels in the stack gas at various load levels. 

Hourly average emissions, calculated from the five-minute average data, were used to 

assess hour-to-hour variations in NO, emissions, Or 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 the entire long-term period. 
The ETEC Phase Reports focus on the NO, emission results. This EMP report sum- 
ma&es the emission trends for NO, (from the ET’EC reports), but also presents the 
emission trends for SQ, CO, and THC, based on the daily average data. 
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4.4.1 Nitrogen Oxides Emissions 

Daily average NO, emissions for all long-term test phases are plotted 
versus load in Figure 4-16. The data show that NOx emissions were progressively 

reduced using AOFA, LNFi, and combined LNB/AOFA technologies compared to 
baseline operation. A statistical analysis of the five-minute average data shows this 
relationship more clearly. Figure 4-17 presents the mean NOx emission rate as a 

function of load; the reduction in NO, emissions due to each low NOx technology is 
! shown as a function of load level in Figure 4-18. A maximum reduction in NO, 
I emissions of 24% was obtained during AOFA operation at high load conditions (460-490 

MW); somewhat lesser reductions were obtained at lower loads. NO, emissions during 

LNB operation were reduced by about 48% at .high loads; the effectiveness of this 
technology actually increased slightly at lower loads. Combined LNEt/AOFA operation 
produced a reduction in NOx emissions of 67% at high load; slightly lower reductions 

were observed at low loads. 

4.4.2 Sulfur Dioxide Emissions 

Although there was considerable scatter in the measured data, average SQ 

emissions were found to be directly proportional to the average coal sulfur content 

during each long-term test phase, as shown in Table 4-19. These results were consistent 

with those from the short-term testing phases. 

4.4.3 Carbon Monoxide Emissions 

Daily average stack gas CO concentrations from all four long-term testing 
periods are plotted against stack gas oxygen concentration in Figure 4-20. Trends 
observed from these data are similar to those of the short-term data shown previously. 

The CO concentration tended to decrease with increasing oxygen concentration, although 
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during long-term combined LNB/AOFA testing the CO concentration decrease occurred 
at a higher oxygen level than was observed for the short-term tests. 

4.4.4 Total Hydrocarbons Emissions 

The long-term daily average stack gas THC concentrations are plotted 

against oxygen concentration in Figure 4-21. In general, THC concentrations for a given 
testing period varied over a small range, and no consistent trends in the effects of oxygen 

concentration or load as THC concentrations were observed. The TFIC levels measured 

during all long-term test phases were relatively low; average levels measured during tests 

with combined LNB/AOFA were lower than those found during any previous test phase. 

These results are qualitatively consistent with the results from the short-term tests. 

4.5 somoliance Monitorine Results 

As a part of the EMP, data were obtained on the opacity of the stack gas 

stream using a continuous opacity monitor. Georgia Power provides periodic reports to 
the Department of Natural Resources detailing the daily excess opacity emissions from 
each of the two plant stacks (i.e., Units 1-3 and Unit 4). Copies of these reports have 

been provided as appendices to the quarterly EMP progress reports. 

A summary of the daily excess opacity emissions data from the Phase 3a 

and Phase 3b long-term testing periods (third and fourth quarters of 1991 and third 

quarter of 1993, respectively) is provided in Table 4-2. The table shows the dates when 

the stack gas opacity exceeded the permitted limit, the number of six-minute averages 
during each day with excess emissions, the average opacity over all of these periods, and 
a short explanation of the reasons for the exceedances. The applicable emission limit is 
40% opacity during any six-minute monitoring period. It is important to remember that 

the table contains information only for those periods when opacity exceedances occurred. 
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Table 4-2 

Stack Gas Opacity: Summary of Excess Emissions 
During Phase 3 Long-Term Testing Periods Iv2 

08/07/91 

a!3/08/91 
08/10/91 

08/11/91 

1 

1 

1 

19 

53 

46 

42 

64 

Precipitator se&on tripped 

Fake reading 0x1 opacity monitor 

Precipitator out of service 

start up 

LW18/91 Printer maIfunction--no orintout 

08/18/91 1 69 62 start up II 
08/19/91 

08/20/91 

w/22/91 

147 

1 

1 

70 

43 

42 

start up 

I.D. fan put into service 

Precipitator section tripped 

08/23/91 

08/24/91 

08/n/91 

08/26/91 

08/U/91 

08J28J91 

08J29J91 

2 

1 

48 

44 

1 

1 

1 

40 

46 

67 

72 

40 

42 

43 

I.D. fan put into service; boiler swing 

Unit off line with rappers on 

start up 

Start up; I.D. fan put into service 

I.D. fan put into setice 

Sootblower maintenance 

I.D. fan put into service 

09/03/91 

09/04/91 

1 

2 

41 

42 

Precipitator section tripped 

I.D. fan put into service; load increase for 
orccio. comoliance test 

09/22/91 1 51 Precipitator section tripped 

09/28/91 115 57 Start up; fans put into service 

09/29/91 81 76 Start up 
10/08/91 1 40 Raising load for ESP compliance tests -- boiler 

upset 
10/09/91 1 41 Raising load for ESP compliance test - ESP 

sections tripped 

10/U/91 2 44 ESP section tripped; adjusting boiler air for 
ESP compliance test 

lOJ14J91 2 57 ESP sections tripped 

lOJlSJ91 1 40 ESP section tripped 

10/18/91 1 1 48 ESP section triooed 
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Table 4-2 (Continued) 
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Table 4-2 (Continued) 

‘This summary was taken from Quarterly Compliance Reports submitted by Georgia Power to the Georgia 
Department of Natural Resources as required by the Georgia Air Quality Control rules and the operating 
permit for Unit 4 [3rd Guartcr 1991,4th Quarter 19911. 

*Data are shown for Unit 4 only. 

‘The. emission limit is 40% opacity for any six-minute averaging period. 
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During the majority of the time when the boiler was in operation the stack gas opacity 

was below the opacity limit. 

An examination of the table shows that the majority of the excess emissions 

occurred during boiler start up or shut down periods, or when there were difficulties with 

the ESP (e.g., low power levels, arcing, trip-outs, problems or adjustments to the rapping 

mechanism or SQ injection system). Excess emissions also occurred during periods of 
upset or unusual operation of the coal feeders or fans, or when the boiler tubes were 

being cleaned by soot blowing or deslagging. None of these conditions appears to have 

been directly attributable to the LNB or LNB/AOFA technologies, since similar causes 

of excess emissions were also observed during baseline testing. 
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5.0 AQUEOUS STREAM MONITORING RESULTS 

This section presents the results of aqueous stream monitoring performed 

during the periods covered by Phases 3a and 3b. Three aqueous streams were 

monitored: ash pond emergency overflow, ash transport water blowdown, and final 
discharge. The parameters selected for monitoring were those required for compliance 

with Plant Hammond’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 Phases 3a and 

3b. Since there were discharges from the ash pond emergency overflow only during the 
period May 3-8, this stream was monitored only during that period. The aqueous stream 

monitoring results were taken from quarterly compliance reports submitted by Georgia 
Power Company to the Environmental Protection Division of the Georgia Department of 

Natural Resources. These compliance reports have also been included as appendices to 

the EMP Quarterly Reports prepared and submitted to DOE as part of this project. The 

data summarized in this section were taken from the compliance reports for the 
following periods: third and fourth quarters of 1991, first quarter of 1992 (Phase 3a), 

and second and third quarters of 1993 (Phase 3b). 

Table 5-2 summarizes the environmental monitoring results obtained 

during Phases 3a and 3b; averages, standard deviations, number of data points, and 

ranges are shown for each parameter. Permit limits are also given for comparison 

purposes. The results from Phases 3a and 3b are similar to those obtained during 

previous test phases. The only parameter to show exceedances of the regulatory limits 
imposed by the plant’s NPDES permit was the pH of the ash pond emergency overflow 
during the period May 3-8, 1993. 
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Table 5-l 

Aqueous Streams: Actual and Planned Monitoring’ 

Total Suspended Solids 

PH 

Oil&Grease 

Total Suspended Solids 

PH 

oil & Grease 

O/U’ 16/c! O/O 
O/U’ o/o 14/U 

O/U’ fi/= O/O 
Phase 3h 

Z/2’ 9J8 o/o 

6J2’ O/O 9J8 

l/2’ 9f8 Of0 

’ 16Jl2 = 16 measurements made/U measurements planned. 

‘There were no discharges during the reporting period. 

‘An emergency discharge occurred between May 3 and May 8, 1993. 
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Table 5-2 

Aqueous Streams: Phase 3 Results 

Phase 3a 

Ash Pond Emergency Overflow 

Tss (w/L) NA’ 

PH NA 

oil & Grease (mgJL) NA 

Ash Transport Water Blowdown 

Ts.5 (w/L) 63 2.8 16 2- 11 

oil & Grease (mgJL) C5 0 15 C5 

Final Discharge 

PH 734 0.14 14 7.09 - 7.56 

Phase 3b 

Ash Pond Emergency Overflw 

mi @d-J 4 0 2 4.0 

PH 4.84 0.08 6 4.75 - 4.92 

Oil & Grease (mgJL) <5 -_ 1 c5 

Ash Transport Water Blowdown 

TS (me/L) 3.7 1.8 9 cl-6 

oil & Grease (me/L) C5 0 9 C5 

Final Discharge 

PH 7.42 0.18 9 7.20 - 7.82 

‘NA - There were no discharges during the Phase 3a reporting period. 
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6.0 SOLID STREAM MONITORING RESULTS 

The results of solid stream monitoring performed during Phases 3a and 3b 

are presented in thii section. 

Monitoring of four solid streams was conducted as specified in the project’s 
Environmental Monitoring Plan: coal feed, bottom ash, ESP fly ash, and CEGRIT fly 

ash. The coal was monitored to detect changes in composition that might impact the 

results obtained for the NO, reduction technologies. The bottom and fly ash were 

monitored for loss on ignition to determine the potential impacts of the NOx reduction 

technologies on coal utilization. The 5y ash streams were monitored for resistivity to 
determine whether the NO= reduction technologies might affect ESP control efficiency. 

Table 6-l shows the actual and planned monitoring frequencies for each of 
the solid stream parameters. 

6.1 $081 Analvses 

A statistical summary of the coal analyses performed during each of the 

test periods for Phases 3a and 3b is presented in Table 6-2. Figures 6-la and 6-lb 

present, in graphical form, the average ultimate analyses for each of the test periods for 

Phases 3a and 3b, respectively. As can be seen, the coal analyses were quite consistent 
between each of the Phase 3a and 3b test periods. These results are also comparable to 

the coal analyses performed during previous phases; Table 6-3 compares the 95% 

confidence intervals computed using all of the data for all test phases. Sulfur levels 

were slightly lower during Phases 2 and 3a than for Phases 1 and 3b. The values for 
most of the other parameters were similar across all testing phases, especially if the 
variability due to different moisture levels is eliminated. 
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Table 6-3 

Coal Analyses: Comparison of Phases 1, 2, 3a, and 3b 
(95% Confidence Intervals) 
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6.2 Bottom Ash 

Bottom ash was analyzed for loss-on-ignition (LOI) as a measure of the 
completeness of combustion. The average results (after eliminating samples that 

appeared to have been contaminated with coal, according to ETEC) are plotted versus 
nominal load in Figure 6-2 for all phases. LOI values were higher during all low NO, 

test phases than during baseline operation. The highest values were observed during 

Phase 3a (LNB operation); values obtained during Phase 3b (SJB + AOFA) were 

closer to those obtained during baseline operation. 

6.3 ESP Flv Ash 

E8P fly ash was analyzed for LOI, and samples were also subjected to 

resistivity measurements in the laboratory. 

Figure 6-3 presents the average Ix)1 values at each nominal load level for 

all test phases. These results show that at the higher load levels the amount of 

uncombusted material present in the ESP fly ash during LNB and combined 

LNB/AOFA operation was similar to that measured during baseline monitoring. At 300 

MW, the Lo1 was higher during LNB operation. During AOFA operation at 400 MW, 

signikantly higher LO1 levels were observed than for the other test phases. These 

results are consistent with the LOI measurements made on other solid streams leaving 
the boiler. 

The resistivity of the ESP fly ash samples was measured at a series of 
temperatures in the laboratory. The results for the ESP fly ash obtained during the 
480 MWe LNB tests are shown in Figure 6-4a, while those from combined L.NB/AOFA 
operation are given in Figure 6-4b. Tests were also conducted at a single temperature in 

the presence of 3 ppm SQ; this concentration is representative of the SQ level 
measured in the flue gas for these tests. The data indicate that in the presence of the 
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measured SO, concentrations, ESP performance should not he limited by fly ash 

resistivity. Similar results were obtained during baseline and AOFA test phases. 

6.4 CEGRIT Flv Ash 

Grab samples of the fly ash in the furnace backpass were collected using 

the on-line CEGRIT Samplers. These samples were analyzed for IDI; the mean values 
at each load level are presented graphically in Figure 6-5. For comparison purposes, the 

mean values from all test phases are plotted on the same graph. The data show that the 

LGI measured in the CEGRIT fly ash was higher during AOFA operation than during 

the baseline testing, while the levels during LNB and combined LNB/AOFA operations 

were similar to the baseline measurements. This is consistent with the LO1 

measurements made on other solid streams leaving the boiler. The highest LO1 level 

was measured during AOFA operation at a load of 400 MW; this was also the case with 

ESP fly ash. 
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7.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The Environmental Monitoring Plan for the Plant Hammond Clean Coal 
project includes, as an appendix, a quality assurance/quality (QA/QC) control plan. 

That plan describes procedures for producing acceptable data, 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 3 testing. 

7.1 Adherence to Acceated Methods 

The sampling and analytical methods specified by the EMP and used 

during Phase 3 are summarked in Section 3 of this report. 

As discussed in Section 3, there were no deviations from the procedures 

specified in the EMP during Phase 3. 

7.2 Adeauate Documentation and Samule Custody 

At Plant Hammond, documentation and sample custody procedures that 

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

regulatoty agency and were followed during EMP activities. Documentation was 
reviewed during audits of both compliance and supplemental monitoring. 

Procedures for documentation and sample custody for supplemental 
monitoring were reviewed as part of a Technical Systems Audit conducted by Radian 
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Corporation from July 11 to 13, 1990, during the Phase 2 performance testing period. 
The audit included activities of Spectrum Systems, Inc. (the CEM); ETEC (coal and ash 
sampling); and SoRI (outlet gas sampling and analysis). A report containing the detailed 

results of this audit was prepared and included in the Quarterly EMP Report for the 

period July - September 1991. This audit found no major problems, but informal 
recommendations were made for improvements in the sample tracking system for coal 

and ash samples that are sent off-site for analysis, A follow-up to this audit, conducted 

in March 1991, found that these recommendations had been successfully implemented. 

7.3 Oualitv Assessment 

Quality assessment was provided, by the collection and analysis of replicate 

samples and “blind” audit samples. The results of these analyses provided the basis for 
estimating precision and accuracy for the parameters measured. 

During Phase 3, replicate samples of the coal feed were collected and 

analyzed as summarized in Table 7-1. The results show that satisfactory accuracy (as 
measured using the coefftcient of variation, defined as the sample standard deviation 

divided by the sample mean) was obtained for nearly all of the ultimate/proximate 

analysis parameters measured under the EMP. As expected, the results were not as 

good for chlorine, which was present at very low concentrations. 
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Table 7-1 

Summary of Replicate Coal Samples for Supplemental Monitoring 

COV is the cocfticient of variation, defined as (Standard Deviation/Mean) x 100 percent. 
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8.0 COMPLIANCE REPORTING 

During Phase 3a, which began on July 9, 1991 and ended on January 15, 

1992, and Phase 3b, which began on May 6, 1993 and ended on August 26, 1993, 

compliance reports were submitted by Georgia Power Company to the Environmental 

Protection Division of the Georgia Department of Natural Resources, in accordance with 
the requirements of Unit 4’s air operating permit (No. 4911-057-5011-O), as amended, 

and of Plant Hammond’s NPDES permit (GAOOO1457). The air operating permit was 

amended effective February 2, 1990, to account for the AOFA system and the low NO, 

burners. 

The air operating permit requires the monitoring of coal feed composition 

(i.e., sulfkr, ash, moisture, and heating value), particulate matter emissions (as total 
particulate loading), and opacity. The NPDES permit requires that the pH and 
concentrations of suspended solids and oil and grease be reported for various aqueous 

discharge streams. 

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

quarterly and annual EMP reports for this project. 
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9.0 CONCLUSIONS 

The following conclusions were drawn from the results presented in this 

EMP Phase 3 and Final Report: 

. NO, emissions were progressively reduced relative to baseline levels 
using AOFA, DlB, and combined LNB/AOFA technologies. Based 
on the analysis of the long-term data, NO= emissions reductions / 

! during high load operations were 24% using AOFA, 48% using 
LNB, and 67% during combined LNB/AOFA operation. The 
AOFA NO, emission reduction decreased to about 12% when 
operating at low loads (i.e., 300 Mw); reductions using LNB and 
LNB/AOFA remained more nearly constant over the range of 
boiler operating conditions. 

. Ail three NO= reduction technologies resulted in increased levels of 
loss on ignition (LOI) and carbon in the boiler outlet solids, 
indicative of a small decrease in overall coal utilization compared to 
baseline operation. AOFA operation showed the greatest impact; 
both LO1 and carbon levels in the fly ash were nearly twice as high 
as those observed during baseline testing. Smaller increases relative 
to baseline were observed during LNB and LNB/ AOFA operations. 
The LO1 appeared to consist primarily (i.e., over 90%) of unburned 
carbon. 

. Carbon monoxide levels in the outlet gas streams appeared to be 
related primarily to the levels of excess oxygen used; CO levels were 
lower at higher oxygen levels. At lower oxygen levels, the average 
CO concentration during combined LNB/AOFA operation 
remained higher than that measured during other test phases. 

. Total hydrocarbon (THC) emissions were low during all test phases. 
The average THC concentrations did not appear to be functions of 
either operating load or excess oxygen concentration. 

. Sulfur dioxide emissions were comparable during all test phases. 
The average SQ emission rates appeared to vary directly with coal 
sulfur concentration, as expected, although individual results showed 
considerable variability. 

. AOFA operation did not appear to have any appreciable impact on 
the ratio of SO, to St& relative to baseline operation. However, 
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this ratio was higher during LNB and combined LNB/AOFA 
operation at most load levels. 

. Particulate loading was approximately 20% higher during LNB and 
combined LNB/AOFA operation than during baseline operation. 
The average fly ash resistivity was consistently high during combined 
LNB/AOFA operation, and approached levels at which the ESP 
operation could begin to be adversely affected, resistivities from all 
test phases approached these levels at high load operation. 

. Aqueous stream monitoring showed exceedances of permit limits 
only during a single ash pond emergency discharge situation. This 
incident was not related to the NOx reduction test program. 
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Table A-l 

Economizer Outlet Gas Short-Term Test Results 

II Diamwtic Tests-Phase 3a II 

58-l 09-Jul-91 477 None 4.6 508 0.69 11 

58-2 o!a-Jd-91 475 None 4.1 480 0.65 11 

58-3 09-Jul-91 473 None 2.9 426 058 61 

59-l l&Jd-91 471 None 5.0 483 0.66 l2 

59-2 lo-Jd-91 473 None 4.0 441 0.60 11 

59-3 1 lo-Jd-91 1 475 1 None 1 3.1 I 418 I 057 I xi 
594 1 lo-Jd-91 1 474 1 None 26 401 055 I27 

59-5 1 lo-Jd-91 1 474 1 N.-me 1 3.7 I MR I 

60-l I lbJul-91 I 393 4.6 i 40X 1 

60-2 I ll-Jul-91 I 398 None I 3.9 I 377 I 05r I ~~3 ll 
II 60-3 I 60-3 11J&91 11J&91 397 397 None None 35 35 360 360 0.49 0.49 119 119 

60-4 ll-Jul-91 ll-Jul-91 5UZ 5UZ NOW NOW 4.0 4.0 503 503 0.69 0.69 22 22 

61-l l2-Jd-91 l2-Jd-91 392 392 NOW NOW 4.7 4.7 401 401 OS5 OS5 6 6 

61-2 X2-J&91 X2-J&91 392 392 None None 4.1 4.1 377 377 051 051 6 6 

61-3 l2-J&91 l2-J&91 390 390 None None 3.2 3.2 340 340 0.46 0.46 81 81 11 61-3 1 

67-2 l&J&91 471 None 3.6 422 0.57 171 67-3 18-Jul-91 470 None 35 425 058 22 I 

674 18-Jd-91 485 None 35 430 059 16 

68-l 19-Jd-91 I 460 NC-MU 35 442 0.60 37 
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Table A-l (Continued) 

81-3 M-Jan-92 301 B&E 7.0 445 0.61 10 

82-l IS-Jan-92 395 None 3.8 395 054 74 

82-2 lS-Jan-92 395 None 45 427 058 5 

82-3 lSJan-92 295 None 5.4 ‘I64 0.63 4 1 
Pcrformancc Tats-Phase 3x1 

1 65-l I 16-J&91 I 470 I None I 4.0 I 458 I 0.62 I 13 i 

66-l 17-Jd-91 475 None 3.8 452 0.62 13 

66-2 17-Jd-91 474 None 3.8 460 0.63 15 

70-I 22.1ul.91 A72 NIWI~ 1~7 ---_- .._ _._-- “- I AQR ._- I 06x -.-- I 19 -- 
ll 

70-2 I 22Jd91 I 410 I None I 3.6 1 485 1 0.66 1 32 u 
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Table A-l (Continued) 

Diagmatic Tata-F’buc 3b 

101-l I O&Mav-93 I 449 I None I 6&l I 3s I 341 I 0.465 I 26 
ii 101-2 I MMav-93 I 452 I None I 455 I 3.6 I 359 I 0.490 I 75 II 

m-3 1 08-Jun-93 1 468 1 None 829 I 4.5 324 1 0.441 I 27 

107-l 1 09-Jtm-93 I 465 1 None 1 8l3 4.1 367 I 0501 I 25 I 
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Table A-l (Continued) 

116-v\ 18-Jun-93 476 None 787 3.9 3l3 0.427 54 

116-lB 18-Jull-93 472 None 805 3.8 301 0.410 262 

117-IA 19Jm-93 W3 B 311 3.9 237 0323 n 
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Table A-6 

Preheater Outlet In-Situ Ash Resistivity 

65 07/16/91 480 

66 07/17/91 480 

70 07/22/91 480 

71 07/23/91 480 

72 72 07/24/W 07/24/W 480 480 

73 73 07/26/91 07/26/91 400 400 

74 74 07 /27/91 07 /27/91 400 400 

75 75 07/28/91 07/28/91 mo mo 

Phase33 
west 281 

283 

284 

r 
306 

304 

+ 

East 289 

2% 

2% 

289 

291 

-+ 

East 289 

295 

294 

East 279 

279 

280 

west 280 

282 

i 

283 

2x5 

west 271 

272 

273 

275 

0.73 

0.24 

0.19 

0.49 

032 

0.77 

0.84 

132 

0.92 

1.24 

1.14 

1.62 

1.21 

1.1 

22.54 

2 

1.39 

1.76 

2.02 

2 

1.57 

131 

1.38 

1.24 

1.73 

1.63 

1.69 

1.91 

8.4 Y lo9 

1.0 x 10” 

1.6 x lo9 

5.8 x 10 ” 

1.0 x 10” 

4.8 x 10” 

6.6 x 109 

95 x 109 

2.8 x 10” 

2.2 x 1o’O 

15 x 1o’O 

1.0 x 10 I0 

13 x 10’0 

15 x 1o’O 

8.6 x lo9 

15 x 1o’O 

4.1 x 109 

4.0 x 109 

8.7 x lo9 

1.6 x lo9 

2.8 x lo9 

3.6 x 10’ 

7.0 109 

3.4 x IO’ 

6.3 x lo9 

6.1 x lo9 

6.9 x lo9 

7.8 x lo9 

5.7 x 10’0 

1.8 x 10” 

3.3 x 10’0 

1.6 x 10” 

4.3 x 10’0 

4.2 x 10’” 

53 x 10’0 

2.8 x lo9 

3.0 x 10 ‘0 

4.6 x 10 ” 

7.4 x 10’0 

4.5 x 10’” 

6.6 x 1o’O 

75 x 10’0 

23x10'" 

2.1 x 10’0 

2.7 x 10” 

2.9 x 10’0 

9.5 x lo9 

25 x 1o’O 

3.5 x 1o’O 

3.7 x 10’0 

2.6 x 10 ” 

5.2 x 10” 

2.9 x 10’0 

3.5 x 1o’O 

9.1 x 109 

2.1 x 10’0 
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Table A-6 (Continued) ued) 

116 

117 

118 

119 

1 

06/19/93 2% East 

06/m/93 302 west 

06/21/22-93 3% West 

335 0.73 

307 0.47 

3.0 x 10” 

3.1 x 10” 

1.6 x 10” 

1.2 x 10’0 

4.4 x 10 ‘O 

5.2 x 10” 

4.8 x 10 ” 

3.8 x 10” 

2.2 x 10’0 

2.9 x 10’0 

5.3 x 10’0 

1.8 x 10” 

1.1 x 10’0 

1.3 x 10’0 

1.4 x 10’0 

1.5 x 10’0 

1.2 x 10 ‘0 
- 

-t- 

e 

2.9 x 10” 

6.1 x 10” 

1.7 x 10” 

7.5 x 1o’O 

9.0 x 10’0 

3.6 x 10 ” 

4.7 x 10’0 

4.1 x 10’0 

1.8 x 10” 

4.2 x 10” 

2.7 x 10 ” 

3.1 x 10’0 

2.9 x 1o’O 

2.5 x 10’0 

4.3 x 10’” 

25 x 10’0 

2.9 x 10’0 

24x10’” 

12 x 1o’O 

7.0 x lo9 

2.0 x 10’0 

‘The data from this test were not used in calculating averages due to a suspected probe mahmction. 
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Table A-8 

Bottom Ash LO1 Data 
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Table A-9 

ESP Fly Ash: LO1 Analyses 

65-l 16-Jul-91 

* 

66-l 17-Jul-91 

70-l L?3-hl-91 

74-l 27-J&91 

* 

75-l 28-Jd-91 

76-l 28-J&91 

462 

472 

299 

298 

401 

3.7 

3.8 

5.7 

43 

4.6 

PbaseJb 

10.55 535 7.95 636 1054 8.45 

859 528 6.94 5.04 8.86 6.95 

6.15 4.42 5.29 5.03 6.84 5.94 

5.48 5.n 5.60 5.63 6.?l 6.20 

7.83 10.96 9.40 6.44 10.80 8.62 
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Table A-10 

CEGRIT Fly Ash LO1 Data 

tic Tests-P: 

70-l 07/22/91 479 3.3 _- 4.56 

71-u 07/23/91 473 3.5 _- 4.79 

71-1B 07/23/91 473 3.5 _- 4.10 

72-l 07/24/91 4n 3.4 3.04 5.22 

72-l 07/24/91 4n 3.4 ._ 6.42 
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Table A-10 (Continued) 
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