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LEGAL NOTICE / DISCLAIMER 
 
 
This report was prepared by Steigers Corporation on behalf of the Alaska Industrial 
Development and Export Authority pursuant to a Cooperative Agreement partially funded by the 
U.S. Department of Energy, and neither the Alaska Industrial Development and Export Authority 
nor any of its subcontractors nor the U.S. Department of Energy, nor any person acting on behalf 
of either: 
 

(A)  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 the use of 
any information, apparatus, method, or process disclosed in this report may not infringe 
privately-owned rights; or 

 
(B)  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 otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the U. S. Department of Energy.  The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the U. S. Department of 
Energy. 
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Abstract 
 
 
The Healy Clean Coal Project (HCCP) is a coal-fired power-
generating facility that has successfully demonstrated the use of 
Clean Coal Technology.  The 2-year-long Demonstration Test 
Program provided conclusive data showing that energy needs 
could be met using coal-fired power plants in an environmentally 
acceptable manner.  The HCCP is the first utility-scale 
demonstration project of its kind.  The air emission compliance 
testing program showed that EPA New Source Performance 
Standards, the stringent facility air permit emission limits, and the 
rigorous DTP emission goals could all be met by the HCCP 
integrated technologies. 
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Executive Summary 
 
The Clean Coal Technology Program was initiated in 1986 with the purpose of expanding 
innovative pollution control options for coal-fired power-generating facilities.  The Clean Coal 
Technology (CCT) Program was subsequently developed to demonstrate these technologies in 
commercial-scale facilities.  The CCT Program is a government and industry initiative that 
includes generating information on the ability of various clean coal technologies, such as low-
polluting coal burners and post-combustion, sulfur-removing devices, to meet air emission goals 
while operating in an economically efficient manner.   
 
The Healy Clean Coal Project (HCCP), which is owned by the Alaska Industrial Development 
and Export Authority (AIDEA), is a 50-megawatt (MW), coal-fired power-generating facility 
located in Healy, Alaska.  The U.S. Department of Energy (DOE) selected the HCCP for funding 
in 1989 under Round III of the CCT Program. 
 
Coal-fired operations commenced at the HCCP on January 14, 1998.  The technologies utilized 
at the HCCP are the TRW Clean Coal Combustion System equipped with a Babcock and 
Wilcox/Joy/NIRO Activated Recycle Spray Dryer Absorber (SDA) and Pulse-Jet Baghouse.  
The HCCP completed its Demonstration Test Program (DTP) in December 1999.  Part of the 
DTP was to demonstrate compliance with the U.S. Environmental Protection Agency (EPA) 
New Source Performance Standards (NSPS) and with the air-emission limits of the HCCP State 
of Alaska Air Quality Permit to Operate (Air Permit).  Furthermore, the DTP also had more 
rigorous air emission goals for the HCCP (Stone & Webster Engineering Corporation and 
Steigers Corporation 1998).  The DTP air emission compliance demonstration is the subject of 
this Topical Report. 
 
The DTP demonstrated that the HCCP clean coal technologies have the ability to maintain air 
emissions at levels below both the NSPS limits and the Air Permit limits and, furthermore, have 
the ability to meet the more stringent DTP emission goals, as described below.  The emissions 
monitoring systems also met all EPA-required standards for accuracy.   
 
• Particulate matter (PM) emissions were measured at 0.0047 lb/MMBtu during a stack test 

performed on March 10 and 11, 1999.  The PM NSPS emission limit, Air Permit limit, 
and DTP emission goal, are 0.03, 0.02, and 0.015 lb/MMBtu, respectively.   

 
• Nitrogen oxides (NOx) emissions were measured during a June 17, 1998, stack test at 

0.260 lb/MMBtu.  The NSPS limit for NOx is 0.5 lb/MMBtu, the Air Permit limit is 
0.350 lb/ MMBtu, and the DTP emission limit goal is 0.20 to 0.350 lb/MMBtu.  

 
• Sulfur dioxide (SO2) emissions were measured during a June 17, 1998, stack test at 0.010 

lb/MMBtu.  The Air Permit limits include the annual average limit of 0.086 lb/MMBtu 
and the 3-hour average limit of 0.10 lb/MMBtu.  

 
• Carbon monoxide (CO) emissions measured during a June 17, 1998, stack test were 0.6 

ppm.  The Air Permit limit and DTP emission goal are 202 and 206 ppm, respectively. 
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Introduction 
 
AIDEA constructed the nominal 50-MW coal-fired power-generating facility at a site near 
Healy, Alaska.  The facility is adjacent to the existing Golden Valley Electric Association, Inc. 
(GVEA) Healy Unit No. 1 power plant.  The HCCP was constructed in response to the DOE 
Program Opportunity Notice issued in May 1989 for the CCT Program.  The goal of the CCT 
Program is to demonstrate new technologies and meet power needs in an environmentally 
acceptable manner.   
 
The objectives of constructing the plant were: 
 

• to demonstrate a novel power plant design that features the combined removal of SO2, 
NOx, and PM emissions using a combination of two advanced technologies 

• to further demonstrate reduced emission levels well below the requirements of the EPA 
NSPS for new utility coal-fired units 

• to meet future energy needs in an environmentally acceptable manner. 
 
The technologies used in the HCCP are the TRW Clean Coal Combustion System equipped with 
a Babcock and Wilcox (B&W)/ Joy/NIRO Activated Recycle Spray Dryer Absorber and Pulse-
Jet Baghouse (SDA System).  The TRW combustor includes a precombustor and a slagging 
combustor.  The precombustor increases the air inlet temperature to optimize slagging 
performance.  In the slagging combustor, the coal is burned at a high temperature so that 80 
percent of the ash in the incoming coal may be removed as molten slag, thereby reducing the 
amount of fly ash.  In the two-stage combustion system, the air/fuel stoichiometry is controlled 
to result in low NOx emissions.   
 
The advanced slagging combustion system is integrated with the sorbent injection, spray dryer, 
and baghouse system.  The first stage of SO2 control occurs in the boiler.  Limestone is injected 
into the boiler and subsequently becomes flash calcined material (FCM), which reacts with SO2.  
Most of the FCM is then slurried and atomized through the SDA in order to remove additional 
SO2.  The FCM residue is then removed in the baghouse system (the second stage of SO2 
control).  The SO2 that makes it through the boiler and SDA reacts with the FCM on the 
baghouse filters as the third stage of SO2 control.  These technologies were developed to meet 
energy needs from coal-fired power plants in an environmentally acceptable manner.  The HCCP 
is the first utility-scale demonstration of the integrated TRW Clean Coal Combustion and the 
SDA Systems.   
 
The design coal for the HCCP consists of a blend of Run of Mine (ROM) and waste coal called 
performance coal.  The HCCP combustors were designed to burn several blends of ROM and 
waste coal including 100 percent ROM coal, 55 percent waste coal and 45 percent ROM coal, 
and 50 percent waste coal and 50 percent ROM coal.  The combustors are also capable of 
burning 100 percent waste coal.  The coals that were used in the HCCP design occur in 
abundance in the area immediately surrounding the plant. Utilizing these coals to supply local 
energy needs is a key objective of the HCCP.  The specifications for ROM coal, waste coal, and 
performance coal are summarized in Table 1. 
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Table 1 HCCP Coal Specifications 
 

Values for Each Coal  
Coal Parameter ROM Coal Waste Coal Performance Coal 

    
Proximate Analysis    
Moisture, % 26.35 23.87 25.11 
Ash, % 8.20 25.00 16.60 
Volatile, % 34.56 27.00 30.78 
Fixed Carbon, % 30.89 24.13 27.51 
Total, % 100.00 100.00 100.00 
HHV, Btu/lb 7,815 6,105 6,960 
    
Ultimate Analysis    
Moisture, % 26.35 23.87 25.11 
Ash, % 8.20 25.00 16.60 
Carbon, % 45.55 35.59 40.57 
Hydrogen, % 3.45 2.70 3.07 
Sulfur, % 0.17 0.13 0.15 
Oxygen, % 15.66 12.23 13.94 
Chlorine, % 0.03 0.02 0.03 
    

Total 100.00 100.00 100.00 
 
The Demonstration Test Program (DTP) was initiated when the facility commenced coal-fired 
operations.  The DTP is the start-up program for CCT Program facilities and is an integral part of 
the DOE CCT Program because it is used to demonstrate that the clean coal technologies can 
reduce air emissions below EPA-required levels for new coal-fired facilities and that the 
technologies can be scaled up for use in a commercial design.  The DTP is a more 
comprehensive start-up program than those used for commercial power plants utilizing 
conventional technologies.  The DTP for HCCP included approximately 2 years of testing under 
various operating scenarios to characterize the performance of the new technologies, verify 
environmental compliance, and conduct performance guarantee testing.  The DTP also included 
environmental compliance testing, evaluation of facility capacities, determination of operating 
costs, testing of various coal blends, assessment of limestone feed rates and composition, review 
of operating and maintenance requirements, and the study of long-term operating scenarios 
(Stone & Webster Engineering Corporation and Steigers Corporation 1998).  During the DTP, 
GVEA operated the new power generating facility and purchased the net power generation from 
AIDEA. 
 
This Topical Report addresses the DTP goal of demonstrating that the HCCP can be operated in 
an environmentally acceptable manner.  The success of the HCCP in meeting this goal is 
primarily measured by the ability to meet the DTP air emission goals.  Although water 
discharges and waste generation are also reviewed to determine the environmental affects of the 
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HCCP, air emissions have the most critical environmental effect.  Therefore, the primary focus 
of this Topical Rport is the results of air emission compliance testing conducting during the DTP 
as they related to the requirements of the EPA’s New Source Performance Standards, the 
emission limits in the facility’s Air Permit to Operate No. 9431-AA007, and the more rigorous 
air emission goals of the DTP. 
 



5 

Summary 
 
The purpose of the DTP was to prove that the commercial use of the integrated TRW 
Combustion System and the SDA System would offer competitive power costs, increased 
efficiency, and reduced environmental impact compared to alternative coal-based power systems.  
The DTP included the following tasks that were to be completed prior to commercial operation 
of the facility. 
 

• Task 1 - Coal Firing Startup and Trials 
• Task 2 - Compliance Testing 1 
• Task 3 - TRW Combustor Characterization Testing 
• Task 4 - B&W/Joy/NIRO SDA Characterization Testing 
• Task 5 - Boiler Characterization Tests 
• Task 6 - Coal Blend Tests 
• Task 7 - Performance Guarantee Acceptance Testing 
• Task 8 - 90-Day Commercial Operation Test (90-Day Test) 
• Task 9 - Long-Term Commercial Operation Demonstration 

 
Because this report discusses the goal of reduced environmental impact, the principal focus is on 
the results of Task 2 - Compliance Testing.  However, because environmental impacts, primarily 
air emissions, were evaluated in most of the above-listed tasks, this report also includes some of 
the air emissions information obtained from other DTP tasks.  Both Task 3 - TRW Combustor 
Characterization Testing (TRW combustor characterization) and Task 8 - 90-Day Commercial 
Operation Test (90-Day Test) included evaluations of air emissions.  Therefore, certain results of 
the TRW combustor characterization and the 90-Day Test are also included here.  Although Task 
9 has not been initiated, Tasks 1 through 8 were completed during the HCCP DTP.   
 
Compliance Testing included compliance monitoring and supplemental monitoring performed 
during the demonstration period.  Compliance monitoring included water, waste, and air 
monitoring for the purpose of meeting permit limits and regulatory requirements. Supplemental 
monitoring was additional monitoring that provided useful information for CCT projects, but the 
information was not specifically required for environmental permit compliance. 
 
The purpose of the TRW combustor characterization was to establish the baseline performance 
of the combustion system using several coal blends; to determine the combustion system 
operating envelope by testing configurations and operating conditions; and to develop the most 
feasible set of conditions for the steady-state operation of the facility.  The TRW combustor 
characterization was performed over two time periods that equated to approximately 6 months of 
operating time.  
 

                                                 
1 Compliance Testing was actually termed Environmental Monitoring Plan in the 1998 DTP.  A separate 
report prepared in 1997 was also called the Environmental Monitoring Plan.  To avoid confusion, this 
report will use the term Compliance Testing when referring to Task 2 of the DTP.  Task 2 was also called 
Compliance Testing in reports prepared by TRW and Harris Group, Inc. 
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The 90-Day Test was mainly an exercise to determine the commercial viability of the project.  
The test requirements partially overlapped the goals of the last stage of the TRW combustor 
characterization and involved operation of the facility at an output of 50 MW per hour at a 
capacity factor of at least 85 percent, for 90 consecutive days.  During the 90 days, the facility 
was required to use coal representative of what would be used during the long-term operation of 
the HCCP.  The Harris Group, Inc. (Harris Group) was contracted to observe and evaluate the 
test.  Other components of the test included, but were not limited to, evaluations of maintenance 
and staffing requirements, examination of emissions, observations of equipment and 
instrumentation conditions, assessment of limestone feed rates and composition, and a review of 
coal supply characteristics.    
 
Compliance Testing 
 
Compliance testing for the DTP comprised compliance monitoring and supplemental monitoring 
measures.  Compliance monitoring consisted of a compliance review of the surface water 
discharge permit that covers water discharges from the HCCP into the Nenana River, a review of 
HCCP waste generation, and a review of compliance with the HCCP Air Permit. Supplemental 
monitoring consisted of testing for various parameters that are related to environmental issues, 
such as fly ash monitoring (to forecast recycling opportunities), evaluation of work-place 
hazards, and limestone analyses.  The majority of information from supplemental monitoring is 
provided in other topical reports.  
 
The HCCP and Healy Unit No. 1 operate under the same Air Permit.  Because the HCCP is a 
“new source” of air emissions, NSPS apply to the HCCP facility, and these are included in the 
Air Permit.  NSPS for the HCCP are specified in the regulations in 40 CFR 60 Subpart Da 
(which includes requirements for all electric utility steam generating units constructed after 
September 18, 1978, that have a heat input of greater than 250 MMBtu/hr).  The NSPS 
requirements relate to emission limits, source emission testing, continuous emission monitoring 
systems (CEMS), continuous opacity monitoring systems (COMS), certification of compliance, 
and auditing of CEMS data.  Due to the nature of the HCCP technologies and the results of pilot-
scale testing of these technologies, emission limits established in the Air Permit are more 
stringent than the NSPS requirements.  Furthermore, the DTP has goals for air emission limits 
that are more rigorous than either the NSPS requirements or the permitted emission limits.  Table 
2 provides a summary of the three emission limits.   
 
TRW Combustor Characterization 
 
The TRW combustor characterization included three series of tests evaluating the TRW Clean 
Coal Combustion Technology over a period equivalent to approximately 6 months of coal-fired 
operation (TRW 2000).  The first test series was performed to determine baseline performance 
using various coal blends.  The second test series involved a check of the technology 
characteristics while introducing a broad range of operating conditions and hardware 
configurations. The third test series was performed using the best operating conditions and 
hardware configurations determined by the second test series but operating under longer test 
runs. 
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Table 2 HCCP Air Emission Limits and Air Emission Goals  

 

Air Quality Permit to Operate No. 9431-AA001 Emission Limits 
Opacity PM Emissions 1 NOx Emissions 2  SO2 Emissions 3  CO Emissions 4  
20% opacity, 3-minute 
average 
 
one 6-minute period per 
hour of 27% opacity 
 

0.020 lb/MMBtu, 
hourly average 
 
13.2 lb/hr, hourly 
average 
 
58 ton/yr, full load 

0.350 lb/MMBtu, 30-day 
rolling average 
 
1,010 ton/yr, full load 

0.086 lb/MMBtu, annual 
average 
 
0.10 lb/MMBtu, 3-hour 
average 
 
65.8 lb/hr, 3-hour average 
 
248 ton/yr, full load 

0.20 lb/MMBtu, hourly 
average 
 
202 ppm at 3.0% O2  
 
132 lb/hr 
 
577 ton/yr, full load 

NSPS Emission Limits (40CFR 60 Subpart Da) 
Opacity PM Emissions NOx Emissions SO2 Emissions CO Emissions 
20% opacity, 6-minute 
average 
 
 

0.03 lb/MMBtu, 
hourly average 
 
99% reduction 
 

0.50 lb/MMBtu 70% removal when emissions 
are less than 0.60 lb/MMBtu 

Dependent on HCCP 
ambient CO levels  (no 
requirements listed in 
Subpart Da) 

Demonstration Test Program Goals 
Opacity PM Emissions NOx Emissions SO2 Emissions CO Emissions 
20% opacity, 3-minute 
average 

0.015 lb/MMBtu, 
hourly average 
 
 

0.20 to 0.35 lb/MMBtu 
 

70% removal 
 
79.6 lb/hr, maximum 

200 ppm (dry basis) at 3.5% 
O2 
 
206 ppm at 3.0% O2 
 

 
Sources:    TRW 2000,  Harris Group 1999,  Stone & Webster Engineering Corporation and Steigers Corporation 1998 
1.  Particulate Matter ,  2.  Oxides of Nitrogen ,  3.  Sulfur Dioxide ,  4.  Carbon Monoxide 
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During all three of these test series, air emissions were evaluated and compared to the limits 
contained in the NSPS and the Air Permit and the more rigorous air emission goals of the DTP.   
 
90-Day Test  
 
The Power Sales Agreement and the Construction Agreement state that commercial operations 
shall not occur until testing has been completed and an independent engineer deems the plant 
capable of generating 50 MW per hour power at a capacity factor of not less than 85 percent for 
90 consecutive days.  The agreements further state that the coal used during the test period shall 
be equivalent to long-term Usibelli coal, as defined in the Agreement between AIDEA and 
Usibelli Coal Mine, Inc. (January 1991).  The Independent Engineer is also required to consider 
the operation of the major project systems in its review.  The 90-day test was performed from 
August 17, 1999, through November 15, 1999, and was observed and evaluated by the Harris 
Group, who served as the Independent Engineer.  
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Description 
 
Air emissions were evaluated in several DTP tasks.  Compliance Testing included certifying the 
CEMS, evaluating the performance of the COMS, and performing stack tests.  Stack test results 
were compared to Air Permit limits, NSPS regulatory limits, and program goals.  Since the 
primary function of the TRW combustor characterization was to evaluate the performance of the 
plant’s new technology, it included an evaluation of air emissions under various operating 
scenarios.  The 90-Day Test was essentially a continuation of the TRW combustor 
characterization but included longer operational runs under a single operating scenario.  Air 
emissions were measured and recorded throughout the 90-day period. 
 
Description of Compliance Testing  
 
The HCCP Air Permit and the NSPS regulations in 40 CFR 60 require: 
 

• initial CEMS certification and ongoing CEMS audits 
• performance evaluation of COMS 
• air emission source performance testing and emission compliance demonstrations. 

 
The initial CEMS certification is performed by comparing CEMS data to stack test data obtained 
using EPA Reference Methods (RM).  The CEMS data must be within certain accuracy 
requirements described in the NSPS regulations.  The CEMS must also be audited on a regular 
basis if the system will be used for demonstrating compliance with air emission limits in the 
future.   
 
The initial COMS performance evaluation includes calibrating the COMS using calibration 
attenuators.  Once the COMS performance evaluation is completed the, COMS data can be used 
in place of stack tests.   
 
Source performance testing involves stack tests that measure levels of specific pollutants in the 
facility exhaust gas.  The emissions compliance demonstration is the comparison of stack test 
results to NSPS emission limits.  The Compliance Testing was performed by outside contractors, 
which are listed in Table 3 along with their respective testing and reporting dates. 
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Table 3  Compliance Testing for Air Emissions 
 
 
Test Name 

 
Performed by 

 
Test Date(s) 

 
Report Date 

Initial CEMS Certification  
 
 

Am Test 1 April 14-15, 1998 
June 16, 1998 

July 10, 1998 
 

1999 Annual CEMS Audit 
 
 

HMH 2 August 31, 1999 September 28, 
1999 

COMS Performance 
Evaluation 
 

Monitoring 
Solutions 3 

April 14, 1998 May 1998 

Source Performance Test 
HCCP Stack 
 

Am Test June 17, 1998 July 10, 1998 

Source Performance Test 
(PM re-test) HCCP Stack 
 

HMH  March 10-11, 1999 May 18, 1999 

1. Am Test-Air Quality, L.L.C. 
2. Haas, Morgan & Hudson Technical Environmental Consulting, L.L.C. 
3. Monitoring Solutions, Inc. 

 
 

Initial CEMS Certification and Ongoing CEMS Audits 
 
The Air Permit and the NSPS regulations in 40 CFR 60 Subpart Da require the installation and 
operation of a CEMS for NOx, SO2, and O2 or CO2.  The NSPS regulations and Air Permit also 
require the CEMS to be certified initially and to be audited on an ongoing basis if the system will 
be used to show future compliance with emission limits.  
 
According to 40 CFR 60 Appendix F, the initial CEMS certification shall be a relative accuracy 
test audit (RATA).  The ongoing CEMS audits must include additional RATAs performed on a 
quarterly basis.  However, a cylinder gas audit may be used for three of the four quarters.  
 
The RATA includes the comparison of CEMS-measured emissions to RM data.  Relative 
accuracy is the absolute mean difference between the CEMS data and the stack test data plus the 
2.5 percent error confidence coefficient of the series of tests divided by the mean of the stack test 
data or the applicable emission limit.  The RATA acceptance criteria differ among pollutants.  
Formulas and sample calculations are provided in the CEMS testing reports. 
 
AIDEA contracted Am Test-Air Quality, L.L.C. (Am Test) to perform the initial CEMS RATA 
for NOx, SO2, and CO2.  Am Test performed the testing on April 14 and 15 and June 16, 1998.  
The testing included the use of EPA Reference Methods to measure the stack emissions 
concurrently with the CEMS.  The CEMS data were compared with the RM data in order to 
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calculate the relative accuracy of the CEMS.  The calibration drift characteristics of the CEMS 
were evaluated during the time period June 11 through June 18, 1998, during which time the 
difference in zero and span values was recorded every 24 hours for the 7 days of the test period.  
A description of the Am Test Initial RATA is provided in Section 5.0 of Am Test’s July 10, 
1998, report (Am Test 1998a).  The CEMS Initial Certification report was transmitted to EPA on 
July 13, 1998. 
 
The 1999 Annual CEMS RATA was performed on August 31, 1999, by Haas, Morgan & 
Hudson Technical Environmental Consulting, L.L.C. (HMH).  A description of the 1999 CEMS 
RATA is provided in Section 3 of HMH’s September 28, 1999, report (HMH 1999b).  As in the 
initial RATA, the three pollutants evaluated were NOx, SO2, and CO2.  The 1999 Annual CEMS 
RATA results were also transmitted to EPA. 
 

Performance Evaluation of COMS 
 
The NSPS regulations (40 CFR 60.13) require an initial performance evaluation of the COMS if 
the COMS data will be used in place of source performance testing and emission compliance 
demonstration.  The performance evaluation must be conducted and the results submitted to EPA 
prior to the source performance testing.  
 
Monitoring Solutions, Inc. (Monitoring Solutions) conducted the performance evaluation of the 
COMS on April 14, 1998.  A description of the testing is included in Monitoring Solutions’ May 
1998 report (Monitoring Solutions 1998).   
 

Source Performance Testing and Emission Compliance Demonstration  
 
According to the NSPS regulations in 40 CFR 60.8, source performance testing and compliance 
demonstration must be conducted within 60 days after the facility reaches the maximum design 
output or within 180 days after facility startup.  Furthermore, as required by the regulations in 40 
CFR 60.47a(f), testing of NOx and SO2 emissions must be performed during periods of extended 
operation, which means at least 22 days out of a 30-day period.  As stated above, performance 
testing is accomplished by means of stack testing, and emission compliance is demonstrated by 
comparing the stack test results to the NSPS emission limits. 
 
The HCCP began coal-fired operations on January 14, 1998.  In order to comply with NSPS 
requirements, source performance testing and emission compliance demonstration were 
completed by June 17, 1998, which was within 180 days of startup.  However, because the 
facility was still operating under the DTP, it was still experiencing significant shutdowns (both 
planned and unexpected) and startups and relatively short operational periods.  Therefore, NOx 
and SO2 emissions were measured during an operating period that was less than 22 days long.  
The operating period under which they were measured (June 10 through June 25, 1998) was a 
16-day period.  Because the 22-day operating period requirement could not be met, the alternate 
procedures contained in Section 7 of EPA RM 19 were used for the NOx and SO2 compliance 
demonstration, as provided for in 40 CFR 60.46a(h). 
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The NSPS regulations allow the substitution of COMS opacity data for stack test data to 
demonstrate compliance as long as the initial performance evaluation of the COMS has been 
completed satisfactorily.  As indicated above, the performance evaluation of the COMS had been 
completed in April 1998 and subsequently reported to EPA. 
 
Am Test provided a description of the HCCP source performance test performed on June 17, 
1998, in Section 5.0 of its July 10, 1998, report (Am Test 1998b).  Emissions of PM during the 
stack test exceeded the HCCP emission limits and did not meet the program goals.  Excess PM 
emissions were attributed to a bag failure in the baghouse (within the SDA system). Therefore, 
plans were made to repeat the PM test at a later date.  The results of the source emission test 
were transmitted to EPA on July 13, 1998, along with a discussion of the PM emissions and a 
statement that there would be another test for PM emissions after the baghouse equipment was 
repaired. 
 
Subsequent to the modification of the baghouse, another source performance test was performed 
to measure PM emissions.  The PM re-test was performed by HMH on March 10 and 11, 1999.  
A description of this testing is contained in Sections 4, 5, and 6 of HMH’s May 18, 1999, report 
(HMH 1999a).  This report was transmitted to EPA on May 21, 1999. 
 
Copies of letters to EPA that transmitted compliance testing results are provided in Appendix A. 
 
Description of TRW Combustor Characterization 
 
The TRW combustor characterization included three series of tests for evaluating the 
performance of the new technology.  During each of the series, air emissions were measured and 
evaluated.  The three series of tests were: 
 

• Test Series 1 - Initial Performance Characterization  
• Test Series 2 - Operating Envelope Characterization 
• Test Series 3 - Steady-State Operation Characterization. 

 
The TRW combustor characterization was performed primarily over two time periods from May 
1998 through May 1999.  During 1998, testing was performed over approximately 4 cumulative 
months during May, July, October, November, and December.  During 1999, testing was 
performed over approximately 2 cumulative months during March, April, and May.  Test Series 
1, Initial Performance Characterization, was completed in May 1998.  During the remainder of 
1998 testing, Test Series 2, Operating Envelope Characterization, was 70 percent completed, and 
Test Series 3, Steady-State Operation Characterization, was 20 percent completed.  In 1999, an 
additional 10 percent of Test Series 2 was completed (bringing the total to 80 percent complete), 
and an additional 30 percent of Test Series 3 was completed (bringing the total to 50 percent 
complete).  The 90-Day Test provided additional testing for Test Series 3 (TRW 2000). 
 
During the TRW combustor characterization, a total of approximately 33 tests were performed 
during 77 operational runs in the 1998 and 1999 testing periods.  An operational run is an 
operational period followed by a shutdown period.  The shutdown period is an intentional 
shutdown to inspect the equipment and perform modifications.  
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During testing in 1998, slag freezing problems within the precombustor affected the ability to 
sustain operation for long periods of time.  Therefore, some equipment adjustments were made 
that included moving the secondary air from the precombustor mix annulus to the head end of 
the slagging stage and moving the precombustor mill air to the boiler NOx port once the boiler is 
warmed up.  These adjustments reduced the slag freezing problems.  
 
In 1999, a few minor modifications were performed to further reduce slag freezing, and a water 
lance was added to the furnace hopper to mitigate ash accumulation in this region.  Ash 
accumulation at the furnace hopper slope was found to cause pressure spikes due to rapid steam 
generation when accumulated fly ash/slag fell abruptly into the water-filled slag or ash tank.  
Additional information is provided in the TRW report (TRW 2000). 
 
Description of 90-Day Test  
 
The 90-Day Test was conducted from August 17 through November 15, 1999.  The Harris Group 
was contracted by AIDEA to evaluate HCCP performance during the 90-Day Test and also to 
provide a review of the performance of the HCCP over the 2-year DTP.  The specific 
requirements of the 90-Day Test were that: 
 

• the plant generate 91,800 MW-hours of 50 MW per hour power for 90 days at a 
capacity factor of no less than 85 percent 

• the testing period be 90 days 
• the unit run on coal representative of what will be supplied for the life of the plant, as 

specified in the coal contract. 
 
The test was performed using the operating conditions and hardware configurations developed 
during the TRW combustor characterization.   
 
The Harris Group had an engineer on site during each day of the 90-Day Test to evaluate the 
operation of the facility relative to meeting the above-described goals.  The Harris Group 
performed full-system reviews several times per day, including evaluations of operations, 
maintenance, sampling, equipment condition, and control systems.  The Harris Group collected 
and analyzed hourly distributed control system (DCS) data logs, other hourly logs, strip charts, 
daily emission reports, dispatch logs, and other data during its review of the 90-Day Test.  A 
description of the 90-Day Test is provided in Section 5.0 of the Harris Group’s December 1999 
report (Harris Group 1999).   
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Methodology 
 
Numerous methods were utilized in performing the Compliance Testing, the TRW combustor 
characterization, and the 90-Day Test.  Methods used for Compliance Testing were dictated by 
the Air Permit and by the NSPS regulations contained in 40 CFR 60.  The TRW combustor 
characterization and the 90-Day Test primarily followed methods specified in the DTP.  
However, additional methods were used by both TRW and the Harris Group. 
 
Compliance Testing Methods 
 
The NSPS regulations require that compliance demonstrations be performed.  The 
demonstrations must utilize EPA Reference Methods, EPA Performance Specifications, and EPA 
Quality Assurance Procedures, which are contained in 40 CFR 60 Appendices A, B, and F, 
respectively.  Reference Methods are methods of sampling and analyzing an air pollutant, and 
they are used when conducting source performance testing (stack tests).  The Performance 
Specifications are used to evaluate the acceptability of CEMS data and are to be performed at, or 
near, the time of CEMS installation.  The Quality Assurance Procedures dictate the RATA 
procedures used in CEMS evaluations.   
 
A list of the Reference Methods and Performance Specifications that were used for the HCCP is 
provided in Table 4.  HCCP stack testing utilized EPA Reference Methods 1, 2, 3A, 4, 5, 6C, 7E, 
10, and 19.  Reference Methods 1, 2, and 4 were used to determine the physical characteristics of 
the exhaust gas.  The other Reference Methods were used to determine emissions of CO2, PM, 
SO2, NOx, and CO.  The Performance Specifications used to compare Reference Method 
emissions data and CEMS were Performance Specifications 1, 2, and 3.  The evaluation of the 
COMS was performed using Performance Specification 1. 
 
TRW Combustor Characterization Methods  
 
The methods used by TRW in its testing of the Clean Coal Combustion System were very 
comprehensive because the HCCP is the first commercial-scale demonstration of the technology. 
Test Series 1, the Initial Performance Characterization (TRW 2000), was performed in a manner 
similar to the coal-firing trials held in early 1998.  The first run of testing used the operating 
scenario from the original design.  The Initial Performance Characterization continued with 
additional tests performed while key operating parameters of the combustor system, such as 
stoichiometry, coal split between combustor stages, and inlet velocities to the slagging stage, 
were varied.  Air emissions were evaluated during each of the runs.   
 
Test Series 2, the Operating-Envelope Characterization, included the introduction of variations in 
operating parameters on a plant-wide basis (TRW 2000).  The test runs included the operating 
parameters of the Test Series 1 but also added some larger-scale system configuration variations 
such as adjusting the location of secondary air injection, changing the combustor mixing 
characteristics, and adjusting the amounts of limestone injection.  During the Operating Envelope 
Characterization, each variable was introduced in a manner that it could be evaluated 
independently.   
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Table 4 EPA Reference Methods and Performance Specifications  
  Used for the HCCP (40 CFR 60 Appendices A and B) 
 

 
Reference Method / 
Specification Number 

 
Method/Specification Name 

Reference Method 1 Sample and Velocity Traverses 
 

Reference Method 2 
 

Determination of Stack Gas Velocity and Volumetric Flow 
Rate 

Reference Method 3A 
 

Determination of CO2 and O2 Emissions  

Reference Method 4 
 

Determination of Moisture Content of Stack Gases 

Reference Method 5 Determination of Particulate Emissions 
 

Reference Method 6C 
 

Determination of SO2 Emissions 

Reference Method 7E 
 

Determination of NOx Emissions 

Reference Method 10 Determination of CO Emissions 
 

Reference Method 19 Determination of SO2 Removal Efficiency and Particulate 
SO2 and NOx Emission Rates 

Performance Specification 1 Specifications and Test Procedures for Opacity CEMS 
(COMS)  
 

Performance Specification 2 Specifications and Test Procedures for SO2 and NOx 
CEMS 
 

Performance Specification 3 Specifications and Test Procedures for O2 and CO2 CEMS 
 

 
 
Test Series 3, the Steady-State Characterization, was performed using a single set of operating 
conditions in a longer test run (TRW 2000).  The purpose was to show that the longer run could 
be used to determine the commercial viability of that set of conditions. 
 
The 90-Day Test, which was very similar to Test Series 3 of the TRW combustor 
characterization, replaced some of the steady-state characterization testing.  
 
The TRW methodology is described in Section 5.0 - Test Procedures of the TRW Topical Report 
on combustion system operation (TRW 2000). 
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During the TRW combustor characterization, air emissions were measured by the CEMS.  
However, the early portions of the TRW combustor characterization were performed prior to 
certification of the CEMS.   
 
90-Day Test Methods 
 
The Harris Group observed and evaluated the 90-Day Test and had an engineer on site for at 
least 10 hours of each day of the test.  The methods that were used are described in the report by 
the Harris Group report on the 90-Day Test (Harris Group 1999).  On-site activities included 
several “walk downs” of the facility each day, where the engineer noted operations, maintenance, 
sampling procedures, and condition of equipment and instrumentation.  The on-site engineer also 
evaluated control room operations for several hours each day.  Considerable data were also 
collected and analyzed. 
 
During the 90-Day Test, air emissions were measured by the CEMS. 
 
Additional DTP components were also evaluated by the Harris Group.  These components 
included boiler testing, SDA testing, CEMS RATA, turbine testing, coal sampling, and 
combustor test operations.  The evaluation of these other DTP components assisted the Harris 
Group in it’s evaluation of the 90-Day Test and it’s assessment of the commercial viability of the 
HCCP. 
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Results 
 
Air emission evaluations accomplished during the DTP Compliance Testing, TRW combustor 
characterization, and 90-Day Test demonstrated compliance with NSPS requirements and Air 
Permit limits.  The more stringent DTP emission goals were also met.  
 
Compliance Testing 
 
The results of the initial CEMS certification, the ongoing CEMS audits, and the performance 
evaluation of the COMS, are contained in the Am Test, HMH, and Monitoring Solutions reports 
(Am Test 1998a, HMH 1999b, Monitoring Solutions 1998).  The results of the source 
performance testing and the emission compliance demonstration are contained in the reports 
prepared by Am Test and HMH summarizing the HCCP stack tests (Am Test 1998b, HMH 
1999a).  The CEMS data, the COMS data, and the stack test data are also summarized below. 
 

Initial CEMS RATA and 1999 Annual CEMS RATA 
 
The initial CEMS certification was performed on April 14 and 15 and June 16, 1998.  The best 
nine of twelve runs were used to calculate the accuracy of measurements of CO2, SO2, and NOx.  
The NSPS requirements contained in Subpart Da do not include continuous monitoring of CO 
emissions or a CO emission limit; however, the HCCP Air Permit limits CO emissions.  The 
relative accuracy and calibration drift data are summarized in Table 5.  
 
Table 5 Initial CEMS Certification Results 
 
Pollutant Relative 

Accuracy % 
and 
% Difference 

NSPS  
Requirement 

Maximum Zero 
Drift and 
Maximum 
Calibration Drift 
% of Span 

NSPS 
Requirement 

CO2 0.8% 
0.1% 
 

20% of RM 1 mean or 
1% of CO2 difference 

0.06 
0.39 

0.5% 
difference 

SO2 65.9% 
0.004% 

20% of RM mean or 
20% of emission 
standard 

0.02 
0.36 

2.5% of span 

NOx 12.8% 
0.034% 

20% of RM mean or 
10% of emission 
standard 

0.00 
1.46 

2.5% of span 

Source: Am Test 1998a 
1. RM is the air emissions data determined by EPA Reference Methods 

 
With respect to the 40 CFR 60 Performance Specifications, the HCCP CEMS meets the 
acceptable standard.  These results are also summarized on page 6 of the Am Test July 10, 1998, 
report (Am Test 1998a). 
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The 1999 annual RATA was performed by HMH on August 31, 1999.  The results of the RATA 
are presented below in Table 6.  The requirements of the annual RATA were met by the HCCP 
CEMS. 
 
Table 6 Results of 1999 Annual CEMS RATA 
 
 
Pollutant 

 
Relative Accuracy % 

 
NSPS Requirement 

CO2 
 

1.3% 20% of RM 1 mean 

SO2 
 

5.6% 10% of emission standard 

NOx 
 

0.02% 20% of RM mean 

Source: HMH 1999b 
1 - RM is the air emissions data determined by EPA Reference Methods 

 
 

Performance Evaluation of COMS 
 
The performance evaluation of the COMS was performed on April 14, 1998, by Monitoring 
Solutions.  The COMS equipment used to monitor opacity is the CEMOP-281.  A total of 20 
runs were performed during which the CEMOP measurements were calibrated using calibration 
attenuators as described by EPA Performance Specification Number 1 (40 CFR 60 Appendix B).  
The CEMOP-281 met the NSPS regulatory requirements.  Additional information regarding the 
results is in Monitoring Solution’s May 1998 report (Monitoring Solutions 1998). 
 
Appendices B, C, and D contain summary data tables from the three reports prepared by Am-
Test, HMH, and Monitoring Systems, respectively (Am Test 1998a, HMH 1999b, Monitoring 
Solutions 1998). 
 

Source Performance Testing and Emission Compliance Demonstration 
 
The HCCP source performance test (stack test) was performed on June 17, 1998, by Am Test.  
With the exception of PM emissions, all emissions measured during the June 17, 1998, stack test 
were below NSPS emission limits and Air Permit emission limits.  Furthermore, all pollutants 
except PM also met the emission limit goals of the DTP.  On March 10 and March 11, 1999, the 
PM test was performed again by HMH.  PM emissions during the HMH stack test were well 
below the NSPS emission limit and the Air Permit emission limit.  The PM emissions also met 
the emission limit goals of the DTP (HMH 1999a).  Stack test results are summarized in Table 7.  
Appendices E and F include summary tables from the reports prepared by Am Test and HMH, 
respectively (Am Test 1998b, HMH 1999a). 
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Table 7 HCCP Stack Test Summary of Results 1 
 
 
Test Date 

 
PM  

 
NOx  

 
SO2  

 
CO  

 
June 17, 1998 
 

 
0.033 lb/MMBtu 
24.56 lb/hr 

 
0.260 lb/MMBtu 
191.5 lb/hr 
175.8 ppm 

 
0.010 lb/MMBtu 
7.68 lb/hr 
5.1 ppm 

 
0.0005 lb/MMBtu 
0.399 lb/hr 
0.6 ppm 

 
March 10-11, 
1999 
 
 

 
0.0047 
lb/MMBTU 
4.172 lb/hr 

 
Data not collected 

 
Data not collected 

 
Data not collected 

Sources: Am Test 1998b , HMH 1999a 
1. measurements shown in the table are averages of three test runs 

 
 
Results of the TRW Combustor Characterization 
 
The TRW combustor characterization demonstrated that the Clean Coal Combustion System 
could effectively achieve low NOx, CO, and SO2 emissions along with high carbon burnout, high 
combustion efficiency, high slag recovery, and excellent slagging characteristics.  All goals 
could be met while burning both run of mine (ROM) and ROM/waste coal blends.  The carbon 
burnout was 99.7 percent during both 1998 and 1999 test periods.  Slag recovery was an average 
of 80 to 85 percent during 1998 and 81 percent during 1999 testing, with less than 5 percent 
bottom ash for both time periods.  The slagging characteristics were classified as excellent 
during both 1998 and 1999 testing.  The overall results of the TRW combustor characterization 
are summarized in the TRW Topical Report (TRW 2000), Table 1, which is provided here in 
Appendix G. 
 
Air emissions levels, as measured by the CEMS,  during the time period June 12 through 
December 21, 1998, (excluding periods of oil-fired operation) were lower than Air Permit
emission limits and NSPS emission limits and also surpassed all DTP program goals.  During the 
time period April 23 through June 30, 1999, the air emissions also met all emission limits and 
DTP program goals.  Table 8 summarizes the 1998 and 1999 typical emissions. 
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Table 8  Typical Air Emission Levels for TRW Combustor Characterization  

1998 and 1999 Time Periods 
 
 
Date(s) 

 
NOx Emissions 

 
SO2 Emissions 

 
CO Emissions 

 
June 12 - December 
21,1998 

 
0.245 lb/MMBtu, 
30-day average 
 

 
0.036 lb/MMBtu, 
30-minute average 
 
15 ppm at 3% O2 
25 lb/hr 

 
0.038 lb/MMBtu, 
30-minute average 
 
30 to 40 ppm at 3% O2 

 
April 23 - June 30, 
1999 

 
0.247 lb/MMBtu, 
steady-state average 
 
0.261 lb/MMBTU, 
30-day average 1  

 
0.040 lb/MMBtu, 
30-minute average 
 

 
0.077 lb/MMBtu, 
30-minute average 

Source:  TRW 2000 
1. Due to the relatively short time period evaluated during 1999, the 30-day average is not an accurate 

reflection of the steady-state average.  Therefore, both the 30-day average and steady-state average are 
provided. 

 
 
Results of the 90-Day Test 
 
The results of the 90-Day Test were as follows: 
 

• 102,373 MW-hours of power were generated at a capacity factor of 94.79 percent over 
90 days. 

 
• The test was run with coal representative of that which will be supplied for the life of 

the plant. 
 
The actual average heating value of the coal blend used during the 90-Day Test was 7,194 
Btu/lb.  The blend consisted of 17 percent ROM coal and 83 percent waste coal.  Of the 83 
percent waste, 57.1 percent consisted of fines and 42.9 percent was regular waste.  This large 
amount of waste coal created an uncontrolled variability in the Btu content of the mixture used in 
the test since the Btu content of waste coal can range from 5,000 to 9,000 Btu/lb.  Overall, the 
Btu content of the coal used during the test was representative of the coals that will be supplied 
over the life of the project (AIDEA 2000). 
 
Emissions were measured by the CEMS during the 90-Day Test.  Air Permit emission limits and 
NSPS limits were met, with the exception of five SO2 emission exceedances and two PM 
exceedances.  SO2 emission exceedances occurred on August 19, August 28, September 7, 
September 11 and November 11, 1999.  Two of the exceedances (September 7 and September 
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11) were due to start-up conditions, two (August 19 and September 28) were due to equipment 
maintenance, and the remaining one (November 11) was due to an equipment malfunction.  All 
SO2 emission exceedances were exceedances of the 3-hour permit limit, and the average of the 
five exceedances (0.074 lb/MMBtu) was less than the yearly emission limit (0.086 lb/MMBtu).  
The total period of SO2 exceedances was less than 2 percent of the time.  Opacity exceedances 
occurred on September 7 and September 11, 1999.  Both opacity exceedances were due to plant 
startup.  Appendix H contains graphs of NOx emissions and SO2 emissions during the 90-Day 
Test.  The NOx NSPS limits and Air Permit limits were met throughout the test duration.  
Additional information regarding the results of the 90-Day Test is provided in the Harris Group 
report (Harris Group 1999). 
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Conclusions 
 
This report documents the results of selected environmental compliance testing for the HCCP 
Demonstration Test Program, namely that related to air emission monitoring and the 
demonstration of compliance with air quality permit limits and program goals.  The air emission 
results described in the report demonstrate that the TRW Clean Coal Combustion System and the 
SDA System have the ability to maintain air emissions at levels below both the NSPS limits and 
the Air Permit limits and, furthermore, have the ability to meet the more stringent DTP emission 
goals. 
 
The Compliance Testing task of the DTP demonstrated that air emissions were in compliance 
with NSPS requirements and Air Permit limits for all parameters and that the emissions also 
satisfied the DTP emissions goals.  The Compliance Testing task also certified the acceptability 
of the CEMS and the COMS for use in long-term monitoring of emissions from the HCCP stack.  
This certification will continue to be verified through comparisons of CEMS and COMS data 
with periodic stack test results.  Stack testing quantified emissions as follows. 
 
•  PM emissions were 0.0047 lb/MMBtu.  The PM NSPS emission limit, Air Permit limit, 

and DTP emission goal, are 0.03, 0.02, and 0.015 lb/MMBtu, respectively.   
 
• NOx emissions were 0.260 lb/MMBtu.  The NSPS limit for NOx is 0.5 lb/MMBtu, the Air 

Permit limit is 0.350 lb/ MMBtu, and the DTP emission goal is 0.20 to 0.350 lb/MMBtu.  
 
• SO2 emissions were 0.010 lb/MMBtu.  The most stringent Air Permit limit is 0.086 

lb/MMBtu.  
 
• The CO emissions were 0.6 ppm.  The Air Permit limit and DTP emission goal are 202 

and 206 ppm, respectively. 
 
The TRW combustor characterization was a three-stage trial of varying operating conditions that 
consistently resulted in HCCP operations that met NSPS and Air Permit regulatory limits and 
could also meet the more rigorous DTP emission goals.  The TRW combustor characterization 
demonstrated that the HCCP could achieve low NOx, CO, and SO2 emissions, as well as high 
carbon burnout, high combustion efficiency, high slag recovery, and excellent slagging 
characteristics.  Considering that the HCCP is the first full-scale demonstration of this 
technology and that the facility has just completed the start-up program, it is apparent that the 
HCCP adequately demonstrates technical viability. 
 
The 90-Day Test was essentially a continuation of testing at the “optimal” conditions established 
under the TRW combustor characterization.  Air emissions data collected throughout the 90-Day 
Test were well within the NSPS and Air Permit limits, with only a few SO2 and PM exceedance 
incidents related to plant startup and equipment malfunction or maintenance episodes. 
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The HCCP integrated technologies successfully maintained air emissions below Air Permit 
limits, NSPS limits, and DTP emission goals.  In general, the air emissions testing components 
of the Compliance Monitoring, TRW combustor characterization, and 90-Day Test tasks of the 
DTP have been satisfactorily accomplished. 
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Acronyms and Abbreviations 
 
 
AIDEA  Alaska Industrial Development and Export Authority 
ADEC    Alaska Department of Environmental Conservation 
B&W   Babcock and Wilcox 
Btu   British Thermal Unit 
CCT   Clean Coal Technology 
CEMS   Continuous Emission Monitoring System 
CO   Carbon Monoxide 
CO2    Carbon Dioxide 
COMS   Continuous Opacity Monitoring System 
DCS   Distributed Control System 
DOE   U.S. Department of Energy 
DTP   Demonstration Test Program 
EPA   U.S. Environmental Protection Agency 
GVEA   Golden Valley Electric Association 
HMH   Haas, Morgan & Hudson 
HCCP   Healy Clean Coal Project 
IE   Independent Engineer 
MMBtu  Million Brittish Thermal Units 
MW   Megawatt 
NOx   Oxides of Nitrogen 
NSPS   New Source Performance Standards 
PM   Particulate Matter 
PM10    Particulate Matter less than 10 um in diameter 
ppm   Parts per Million 
RATA   Relative Accuracy Test Audit 
RM   Reference Method 
ROM   Run of Mine 
SDA   Spray Dryer Adsorber 
SO2    Sulfur Dioxide 
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Tables from HCCP Stack Initial Performance Test 
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Table from Topical Report: Combustion System Operation 
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Graphs from the Harris Group Report:
Independent Engineer’s Review of HCCP 90 Day Test and

Determination of Sustained Operations

NOx and SO2 Emissions During the 90-Day Test
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