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SUMMARY 
On March 28-30 and May 1-4, 2007, CONSOL Energy Inc. Research & Development 
(CONSOL R&D) performed flue gas sampling at AES Greenidge to verify the 
performance of the multi-pollutant control system recently installed by Babcock Power 
Environmental Inc. (BPEI) on the 107-MW Unit 4 (Boiler 6).  The multi-pollutant control 
system includes combustion modifications and a hybrid selective non-catalytic 
reduction (SNCR) / in-duct selective catalytic reduction (SCR) system to reduce NOx 
emissions, followed by a Turbosorp® circulating fluidized bed dry scrubber system and 
baghouse to reduce emissions of SO2, SO3, HCl, HF, and particulate matter.  Mercury 
removal is provided via the co-benefits afforded by the in-duct SCR, dry scrubber, and 
baghouse and by injection of activated carbon upstream of the scrubber, as required.  
The testing in March and May demonstrated that the multi-pollutant control system 
attained its performance targets for NOx emissions, SO2 removal efficiency, acid gas 
(SO3, HCl, and HF) removal efficiency, and mercury removal efficiency.  However, the 
ammonia slip measured between the SCR outlet and air heater inlet was consistently 
greater than the guarantee of 2 ppmvd @ 3% O2.  As a result, additional testing was 
performed on May 30-June 1 and on June 20-21, 2007, in conjunction with tuning of 
the hybrid NOx control system by BPEI, in an effort to achieve the performance target 
for ammonia slip.  This additional testing occurred after the installation of a large 
particle ash (LPA) screen and removal system just above the SCR reactor and a fresh 
SCR catalyst layer in mid-May.  This report describes the results of the additional 
tests. 
During the May 30-June 1 sampling period, CONSOL R&D and Clean Air Engineering 
(CAE) each measured flue gas ammonia concentrations at the air heater inlet, 
downstream of the in-duct SCR reactor.  In addition, CONSOL R&D measured flue 
gas ammonia concentrations at the economizer outlet, upstream of the SCR reactor, 
and CAE measured flue gas NOx and CO concentrations at the sampling grids located 
at the inlet and outlet of the SCR reactor.  During the June 20-21 sampling period, 
CONSOL R&D measured flue gas ammonia concentrations at the air heater inlet.  All 
ammonia measurements were performed using a modified version of U.S. 
Environmental Protection Agency (EPA) Conditional Test Method (CTM) 027.  The 
NOx and CO measurements were performed using U.S. EPA Methods 7E and 10, 
respectively. 
Table 1 summarizes the ammonia concentrations measured at the air heater inlet by 
CONSOL R&D during the test periods, along with the net unit load and NOx emission 
rate observed during those periods.  (The NOx and CO measurements at the SCR inlet 
and outlet grids and the NH3 measurements at the economizer outlet were performed 
primarily to aid BPEI’s tuning efforts; these measurements are summarized in the body 
of the report.  The CAE ammonia slip measurements at the air heater inlet were 
considered to be invalid, per the discussion later in this report).  For all three tests on 
May 31-June 1, the ammonia concentrations measured at the air heater inlet were 
greater than the performance target of 2 ppmvd @ 3% O2.  Measured ammonia 
concentrations decreased throughout the day on June 20, 2007, as BPEI tuned the 
combustion system and SNCR system.  The third test performed on that day indicated 
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2 ppmvd NH3 @ 3% O2 (to one significant digit) while the Unit 4 NOx emission rate 
was <0.10 lb/mmBtu, consistent with the performance target for ammonia slip.  The 
testing on June 21 was performed to support tuning activities focused on establishing 
a set of acceptable boiler operating conditions for routine operation of the NOx control 
system under its permitted high-load NOx emission rate of 0.15 lb/mmBtu.  Hence, 
NOx emissions during the NH3 slip tests on June 21 were greater than 0.10 lb/mmBtu. 
 

Table 1. Summary of Ammonia Slip Measured by CONSOL R&D at the Air 
Heater Inlet on May 31-June 1 and June 20-21, 2007 

Test Date & Time 
(MM/DD/YY: hhmm-hhmm) 

Average Net Unit 
Load,a  
MWe

Average NOx 
Emission Rate,a 

lb/mmBtu 

NH3 @ Air Heater 
Inlet, 

ppmvd @ 3% O2

05/31/07: 1804-1910  97.3 0.103b > 2.5c,d

06/01/07: 1020-1108 100.5 0.098 4.6c

06/01/07: 1205-1252 100.5 0.103 4.3c

06/20/07: 0935-1035  99.5 0.101 5.6e

06/20/07: 1755-1836 95.6 0.100 3.4e

06/20/07: 2002-2047 95.6 0.099 2.4e

06/21/07: 1109-1150 99.4 0.161 2.1e

06/21/07: 1517-1557 99.4 0.138 2.5e

aCalculated by CONSOL as the arithmetic mean of 1-minute CEM data provided by AES.  bNOx 
emission data were not available for 49% of the 1-minute intervals during the testing period.  cAverage 
of results determined by ion chromatography and ion selective electrode.  CAE also measured ammonia 
slip during this period, but results were considered to be invalid.  dA portion of the sample line rinse was 
lost during sample recovery.  Hence, the actual amount of NH3 present in the flue gas was greater than 
the amount determined from the recovered sample.  eResult determined by ion selective electrode. 

 

BACKGROUND 
CONSOL Energy Inc. Research & Development, AES Greenidge LLC, and Babcock 
Power Environmental Inc. were awarded a cooperative agreement from the U.S. 
Department of Energy (DOE) to install and test an integrated multi-pollutant control 
system on the 107-MW AES Greenidge Unit 4.  The project seeks to be the first to 
demonstrate: 
 
• Full-load NOx emissions of ≤0.10 lb/mmBtu using a hybrid selective non-catalytic 

reduction / selective catalytic reduction (hybrid SNCR/SCR) system, in combination 
with low-NOx combustion technology, on a unit firing coal and biomass 
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• SO2 removal of ≥95% using a Turbosorp® circulating fluidized bed dry scrubber 
(including a new baghouse) on a unit firing greater than 2%-sulfur bituminous coal 

• Mercury reduction of ≥90% via the co-benefits afforded by the in-duct SCR, 
Turbosorp® scrubber, and baghouse, and by the addition of activated carbon into 
the Turbosorp® system, as required 

• Acid gas (SO3, HCl, HF) removal of ≥95% in the Turbosorp® system 
 
The goal of the project is to demonstrate substantial improvements in mercury, SO3, 
and particulate matter control, and substantial reductions in the cost for NOx and SO2 
control, compared to conventional technologies when applied to the large number of 
smaller coal-fired generating units in the United States. 
 
On March 28-30 and May 1-4, 2007, CONSOL R&D performed guarantee testing to 
verify the ability of the multi-pollutant control system to meet the performance targets 
set forth in the engineering, procurement, and construction (EPC) agreement between 
AES Greenidge and Babcock Power Environmental Inc.  That testing demonstrated 
that the multi-pollutant control system attained its performance targets for NOx 
emissions, SO2 removal efficiency, acid gas removal efficiency, and mercury removal 
efficiency.  However, the ammonia slip measured between the SCR outlet and air 
heater inlet was consistently greater than the guarantee of 2 ppmvd @ 3% O2.  As a 
result, additional testing was performed on May 30-June 1 and on June 20-21, 2007, 
in conjunction with tuning of the hybrid NOx control system by Babcock Power 
Environmental Inc., in an effort to achieve the performance target for ammonia slip.  
This additional testing occurred after the installation of a large particle ash screen and 
removal system just above the SCR reactor and a fresh SCR catalyst layer in mid-
May.  Described herein are the results of these additional tests and the methods used. 

 

SAMPLING RESULTS 
During the May 30-June 1 sampling period, CONSOL R&D and Clean Air Engineering, 
working under subcontract to CONSOL R&D, each measured flue gas ammonia 
concentrations at the air heater inlet sampling location.  In addition, CONSOL R&D 
measured flue gas ammonia concentrations at the economizer outlet sampling 
location, and CAE measured flue gas NOx and CO concentrations at the permanent 
sampling grids located at the inlet and outlet of the SCR reactor.  During the June 20-
21 sampling period, CONSOL R&D measured flue gas ammonia concentrations at the 
air heater inlet sampling location.  (CAE was also on site to perform NOx and CO grid 
point sampling under contract to AES Greenidge; results of that sampling are not 
included in this report).  All sampling was performed at a constant sampling rate.  The 
measured results from each sampling period are summarized below.  The sampling 
and analytical methods used to perform the measurements are described in the 
Experimental section later in this report.  All times reported herein are local (i.e., 
Eastern Daylight) times. 
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May 30 – June 1 Sampling Period 
Clean Air Engineering completed 29 measurement runs using their Multipoint 
Automated Sampling System (MASS) on May 30–June 1 to simultaneously 
characterize the NOx and CO concentration profiles at the inlet and outlet of the SCR 
reactor.  Each 24-minute run included one complete traverse of the SCR inlet and 
outlet sampling grids.  The purpose of most of these runs was to provide near-real-
time data to BPEI for use in tuning the combustion and SNCR systems.  Hence, the 
results of each individual run are not summarized here.  All of the NOx and CO 
measurement results are, however, presented in the CAE report that is included as 
Appendix A to this report.  Moreover, average NOx and CO concentrations measured 
by CAE at the SCR inlet and outlet during each of the ammonia slip tests are 
summarized below as part of the discussion of the results of those tests. 
Three ammonia slip tests were completed during the May 30–June 1 sampling period: 
one test on the evening of May 31 and two tests on June 1.  (May 30 and much of May 
31 were spent tuning the combustion system and SNCR system to try to achieve NOx 
and CO profiles that would be associated with low ammonia slip).  Table 2 
summarizes the net unit load and NOx emission rate recorded by the unit’s stack 
continuous emissions monitor (CEM) during each of the tests.  Table 3 summarizes 
the results of analyses of coal samples collected during each of the two tests on June 
1.  Tables 4 and 5 summarize the average NOx and CO concentrations measured by 
CAE during each of the tests.  A more detailed presentation of the NOx and CO 
sampling results is provided in the CAE report included as Appendix A to this report. 
(Each ammonia slip test approximately coincided with two complete traverses of the 
SCR inlet and outlet sampling grids; the results reported in Tables 4 and 5 for each 
test are the averages of the values measured during the traverses performed during 
that test.  NOx and CO concentrations were converted to a standard oxygen basis of 
3% using O2 concentrations measured by CAE at the SCR inlet and outlet grids using 
EPA Method 3A.  NOx emission rates at the SCR outlet were computed by CONSOL 
R&D according to the procedures set forth in EPA Method 19, using NOx and O2 
concentrations measured by CAE at the SCR outlet grid and an O2-based fuel factor, 
Fd, of 9780 dscf/mmBtu.  During Runs 2 and 3 on June 1, several points at the inlet 
and outlet MASS sampling grids developed leaks.  These points, which are identified 
in the CAE report in Appendix A, were excluded from the averages presented in 
Tables 4 and 5).   
The NOx emission rates calculated from the CAE measurements at the SCR outlet grid 
were consistently biased low relative to the NOx emission rates reported by the unit’s 
stack CEM.  The cause of this discrepancy is unknown.  Possible causes include 
measurement error or flow stratification at the SCR outlet.  (All grid point 
measurements were weighted equally when computing the average NOx and O2 
concentrations at the SCR outlet.  NOx concentrations are inhomogeneous across the 
SCR outlet grid; hence, if significant flow stratification existed, the use of unweighted 
average concentrations could have accounted for the discrepancy between the SCR 
outlet and stack.  Space limitations around the SCR reactor prevented the 
performance of a manual traverse to determine the velocity profile at the SCR outlet). 
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Table 2. Summary of AES Greenidge Unit 4 CEM Data during the Ammonia 
Slip Testing Periods on May 31 and June 1, 2007 

Test No. 
Date & Time 

(MM/DD/YY: hhmm-hhmm)

Average Net 
Unit Load,a  

MWe

Average NOx 
Emission Rate,a 

lb/mmBtu 

Test #1 05/31/07: 1804-1916 97.3 0.103b

Test #2 06/01/07: 1018-1108 100.5 0.098 

Test #3 06/01/07: 1205-1252 100.5 0.103 
aCalculated by CONSOL as the arithmetic mean of 1-minute CEM data provided by AES.  bNOx 
emission data were not available for 49% of the 1-minute intervals during the testing period. 
 
 

Table 3. Coal Sample Analysis Results from June 1, 2007 

Analytical Number 20073004 20073005 
Date & Time of Collection 6/1/2007 10:30 6/1/2007 14:00 

Total Moisture, % 5.56 5.57 
As Determined Moisture, % 1.53 1.52 

Volatile Matter, % dry 37.90 37.70 

Fixed Carbon, % dry 54.03 54.27 

Ash, % dry  8.07 8.03 

Carbon, % dry 76.12 76.67 

Hydrogen, % dry 4.59 4.56 

Nitrogen, % dry 1.40 1.40 

Sulfur, % dry 2.67 2.82 

Chlorine, % dry 0.080 0.081 

HHV, Btu/lb dry 13811 13815 
Major Ash Elements, % of ash     

SiO2 44.52 44.50 

Al2O3 22.04 21.56 

TiO2 0.94 0.94 

Fe2O3 18.23 19.56 

CaO 4.92 5.07 

MgO 0.93 0.94 

Na2O 0.95 0.92 

K2O 1.66 1.65 

P2O5 0.27 0.32 

SO3 5.27 5.37 
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Table 4. Summary of NOx Measurements at the SCR Inlet and Outlet during 
the Ammonia Slip Testing Periods on May 31 and June 1, 2007 

SCR NOx Data @ 3% O2

Test No. 
Date 

(MM/DD/YY) 

Average 
Concentration 
at SCR Inlet, 

ppmvd 

Average 
Concentration 
at SCR Outlet, 

ppmvd 
Removal,a 

% 

SCR Outlet 
NOx 

Emissions,b 
lb/mmBtu 

Test #1 05/31/07  107.0 57.3 46.4 0.078 

Test #2c 06/01/07 95.4 57.6 39.6 0.079 

Test #3c 06/01/07 93.6 68.5 26.8 0.093 
aPercent removal calculated by CONSOL R&D based on overall mean inlet and outlet concentrations 
reported by CAE for each test.  bCalculated by CONSOL R&D using the mean NOx and O2 
concentrations measured by CAE at the SCR outlet and an O2-based F-factor, Fd, of 9780 dscf/mmBtu. 
cSeveral points at the inlet and outlet sampling grids developed leaks during the test; these points, 
which are identified in Appendix A, were excluded when deriving the data presented here. 
 

Table 5. Summary of CO Measurements at the SCR Inlet and Outlet during 
the Ammonia Slip Testing Periods on May 31 and June 1, 2007 

SCR Inlet  
Concentrations @ 3% O2

SCR Outlet 
Concentrations @ 3% O2

Test No. 
Date 

(MM/DD/YY) 
Average, 
ppmvd 

Maximum 
Single Point, 

ppmvd 
Average, 
ppmvd 

Maximum 
Single Point, 

ppmvd 

Test #1 05/31/07  175.4 345.6 155.5 476.8 

Test #2a 06/01/07 102.9 388.3 160.0 619.5 

Test #3a 06/01/07 87.8 353.1 96.9 321.9 
aSeveral points at the inlet and outlet sampling grids developed leaks during the test; these points, 
which are identified in Appendix A, were excluded when deriving the data presented here. 

 
During each ammonia slip test, CONSOL R&D and CAE simultaneously performed 
ammonia sampling at the air heater inlet through a pair of ports: one each on the 
southern sides of the eastern and western air heater inlet ducts.  During the first half of 
each test, one group sampled the eastern duct while the other group sampled the 
western duct.  The groups then exchanged positions for the second half of the test, 
such that each collected a composite sample representing the average concentration 
in both ducts.  The test on May 31 was 60 minutes in duration, and the tests on June 1 
were each 40 minutes in duration.  Both groups conducted sampling using a modified 
version of U.S. EPA Conditional Test Method 027 (see the Experimental section for a 
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detailed description of the sampling methodology), and both analyzed the collected 
samples for ammonia in the field using an ion selective electrode (ISE) and again in 
the laboratory using ion chromatography (IC).   
Table 6 summarizes the ammonia concentrations measured at the air heater inlet 
(composite of both ducts) by CONSOL R&D.  (NH3 concentrations were converted to a 
standard oxygen basis of 3% using O2 concentrations measured by CONSOL R&D at 
the sampling train exhaust using a Teledyne Max V portable electrochemical O2 
analyzer).  During Test #1 on May 31, a portion of the sample line rinse was spilled 
during sample recovery.  Because much of the sampled NH3 is collected in the sample 
line, the actual amount of NH3 present in the flue gas was greater than the amount 
determined from the recovered sample, as indicated in the table.  The ammonia 
concentrations determined by ISE exhibited reasonable agreement with those 
determined by IC; the relative percent difference (RPD) between the two methods was 
less than 25% for each of the three tests.  For all three tests, ammonia concentrations 
determined by both IC and ISE were greater than the performance target of 2 ppmvd 
@ 3% O2. 
 

Table 6. NH3 Concentrations Measured by CONSOL R&D at the Air Heater 
Inlet on May 31 and June 1, 2007 

NH3, ppmvd @ 3% O2

 
Test No. 

Date & Time 
(MM/DD/YY: hhmm-hhmm) IC ISE 

Average 
of IC, ISE 

RPDa 
(%) 

Test #1 05/31/07: 1804-1910 > 2.5b > 2.5b > 2.5b 0.0 

Test #2 06/01/07: 1020-1108 4.9 4.2 4.6 15 

Test #3 06/01/07: 1205-1252 4.7 3.8 4.3 21 
aRPD = 100 x | IC – ISE | / ((IC +ISE)/2)  bA portion of the sample line rinse was spilled during sample 
recovery.  Hence, the actual amount of NH3 present in the flue gas was greater than the amount 
determined from the recovered sample. 

 
Table 7 summarizes the ammonia concentrations measured at the air heater inlet 
(composite of both ducts) by CAE.  (A more detailed presentation of these results is 
provided in the CAE report that is included as Appendix A to this report).  The IC and 
ISE results determined by CAE exhibited poor agreement.   The ISE results were more 
than a factor of four greater than the IC results for all three tests, and the RPD 
between the two methods was greater than 120% in all cases.  Neither the CAE IC 
results nor the CAE ISE results agreed well with the CONSOL R&D IC and ISE 
results.  Some disparity between the CONSOL R&D and CAE measurements may be 
expected to result from random error and from minor methodological differences, 
including the fact that the groups sampled the eastern and western ducts at different 
points in time and that CONSOL R&D used a slightly longer probe than CAE, allowing 
CONSOL R&D to extract samples from deeper points in the duct (closer to the center) 
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than CAE.  However, the large unexplained disparity between the CAE IC and ISE 
results, which bracket the CONSOL R&D IC and ISE results, call the validity of these 
CAE results into question.  The CAE report (Appendix A) identifies exceptions to 
QA/QC guidelines, including the guidelines for sample hold time and sample storage 
temperature, that might have contributed to the discrepancies among the results.  
Because of these exceptions and the inconsistency between the ISE and IC results, 
the CAE ammonia slip measurements from May 31 and June 1 are considered to be 
invalid. 
 

Table 7. NH3 Concentrations Measured by CAE at the Air Heater Inlet on  
May 31 and June 1, 2007 

NH3, ppmvd @ 3% O2

 
Test No. 

Date & Time 
(MM/DD/YY: hhmm-hhmm) IC ISE 

Average 
of IC, ISE 

RPDa 
(%) 

Test #1 05/31/07: 1804-1914 1.39 6.20 3.80 127 

Test #2 06/01/07: 1020-1107 1.98 8.11 5.05 122 

Test #3 06/01/07: 1205-1252 2.39 10.9 6.65 128 
aRPD = 100 x | IC – ISE | / ((IC +ISE)/2) 
 

In addition to the ammonia measurements performed at the air heater inlet, CONSOL 
R&D performed ammonia measurements during each of the three tests at the 
economizer outlet, upstream of the in-duct SCR, static mixers, and LPA screen.  
During each test, a composite sample was drawn from four ports in the economizer 
outlet duct; two of these ports were located on the eastern wall of the duct, and two 
were located on the western wall.  Again, sampling was performed using a modified 
version of U.S. EPA CTM 027.  As discussed in the Experimental section, support 
beams located inside the duct at the same level as the ports prevented the completion 
of a full traverse of the duct.  Hence, the measured ammonia concentrations may not 
be representative of the average concentrations across the entire cross section of the 
duct.  Table 8 summarizes the average ammonia concentrations measured at the 
economizer outlet during each of the tests on May 31 and June 1.  (NH3 
concentrations were converted to a standard oxygen basis of 3% using O2 
concentrations measured by CONSOL R&D at the sampling train exhaust using a 
Teledyne Max V portable electrochemical O2 analyzer).  As with the samples collected 
at the air heater inlet, the samples collected at the economizer outlet were analyzed by 
both ISE and IC.  The results determined by the two methods showed reasonable 
agreement; the inter-method RPD was less than 10% for all three runs. 
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Table 8. NH3 Concentrations Measured by CONSOL R&D at the Economizer 
Outlet on May 31 and June 1, 2007 

NH3, ppmvd @ 3% O2

 
Test No. 

Date & Time 
(MM/DD/YY: hhmm-hhmm) IC ISE 

Average 
of IC, ISE 

RPDa 
(%) 

Test #1 05/31/07: 1804-1916 74.9 67.9 71.4 9.8 

Test #2 06/01/07: 1018-1104 85.2 80.4 82.8 5.8 

Test #3 06/01/07: 1205-1250 71.9 66.6 69.3 7.7 
aRPD = 100 x | IC – ISE | / ((IC +ISE)/2) 

 

June 20 – June 21 Sampling Period 
CONSOL R&D conducted additional ammonia slip testing at the air heater inlet 
sampling location on June 20 and 21, 2007.  Three tests were completed on June 20, 
and two tests were completed on June 21.  Table 9 summarizes the average net unit 
load and NOx emission rate recorded by the unit’s stack CEM during each of the tests.  
Table 10 summarizes the chemical analysis results for a coal sample collected during 
the testing on June 20. 
 
Table 9. Summary of AES Greenidge Unit 4 CEM Data during the Ammonia 

Slip Testing Periods on June 20 and 21, 2007 

Test No. 
Date & Time 

(MM/DD/YY: hhmm-hhmm)

Average Net 
Unit Load,a  

MWe

Average NOx 
Emission Rate,a 

lb/mmBtu 

Test #1 06/20/07: 0935-1035 99.5 0.101 

Test #2 06/20/07: 1755-1836 95.6 0.100 

Test #3 06/20/07: 2002-2047 95.6 0.099 

Test #4 06/21/07: 1109-1150 99.4 0.161 

Test #5 06/21/07: 1517-1557 99.4 0.138 
aCalculated by CONSOL as the arithmetic mean of 1-minute CEM data provided by AES. 
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Table 10. Coal Sample Analysis Results from June 20, 2007 

Analytical Number 20073422 

Date & Time of Collection 6/20/2007 

Total Moisture, % 4.28 

As Determined Moisture, % 1.32 
Volatile Matter, % dry 36.92 

Fixed Carbon, % dry 54.51 

Ash, % dry  8.57 

Carbon, % dry 71.16 

Hydrogen, % dry 5.43 

Nitrogen, % dry 1.27 

Sulfur, % dry 2.50 

Chlorine, % dry 0.093 

HHV, Btu/lb dry 13851 
Major Ash Elements, % of ash   

SiO2 47.71 

Al2O3 23.32 

TiO2 1.04 

Fe2O3 15.98 

CaO 4.04 

MgO 0.97 

Na2O 1.04 

K2O 1.86 

P2O5 0.48 

SO3 4.07 

 
As with the tests performed on May 31–June 1, sampling was conducted using a 
modified version of U.S. EPA Conditional Test Method 027 (see the Experimental 
section for method details).  However, for the tests on June 20 and June 21, the 
eastern and western air heater inlet ducts were sampled independently using separate 
trains for the full duration of each test, thereby generating data regarding the 
distribution of ammonia between the two ducts.  The collected samples were analyzed 
for ammonia in the field using ISE.  (AES Greenidge, Babcock Power Environmental, 
and CONSOL R&D mutually agreed to forego follow-up analysis by IC). 
Table 11 summarizes the ammonia concentrations measured at the air heater inlet on 
June 20 and 21.  (NH3 concentrations were converted to a standard oxygen basis of 
3% using O2 concentrations measured by CONSOL R&D at the sampling train exhaust 
using a Teledyne Max V portable electrochemical O2 analyzer).  All tests were 40 
minutes in duration, except where noted.  Measured ammonia concentrations 
decreased throughout the day on June 20, 2007, as BPEI tuned the combustion 
system and SNCR system.  The third test performed on that day indicated 2 ppmvd 
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NH3 @ 3% O2 (to one significant digit) while the Unit 4 NOx emission rate was <0.10 
lb/mmBtu, consistent with the performance target for ammonia slip.  The testing on 
June 21 was performed to support tuning activities focused on establishing a set of 
acceptable boiler operating conditions for routine operation of the NOx control system 
under its permitted high-load NOx emission rate of 0.15 lb/mmBtu.  Hence, NOx 
emissions during the NH3 slip tests on June 21 were greater than 0.10 lb/mmBtu.  The 
average ammonia slip measured at the air heater inlet during the two tests on June 21 
was 2.3 ppmvd @ 3% O2. 
 

Table 11. NH3 Concentrations Measured by CONSOL R&D at the Air Heater 
Inlet on June 20 and June 21, 2007 

NH3, ppmvd @ 3% O2 
Test No. 

Date & Time 
(MM/DD/YY: hhmm-hhmm) East Duct West Duct Average 

Test #1 06/20/07: 0935-1035 3.4 7.8a 5.6 

Test #2 06/20/07: 1755-1836 3.9 2.9 3.4 

Test #3 06/20/07: 2002-2047 1.6 3.1 2.4 

Test #4 06/21/07: 1109-1150 1.3 3.0 2.1 

Test #5 06/21/07: 1517-1557 1.6 3.4 2.5 
aSampling was conducted for 50 minutes.  All other tests were 40 minutes in duration. 

 

EXPERIMENTAL 

Sampling Locations 
Figure 1 presents a schematic showing the locations where flue gas sampling was 
conducted at AES Greenidge on May 31-June 1 and June 20-21, 2007.  These 
sampling locations are described below. 

Economizer Outlet 
NH3 tests were conducted at the economizer outlet on May 31–June 1.  For each test, 
a composite sample was extracted from four, four-inch ports located downstream of 
the economizer but upstream of the in-duct SCR catalyst, static mixers, and large 
particle ash screen.  Two of these ports (labeled E-1 and E-3) are located on the 
eastern wall of the economizer outlet duct, and the other two (labeled W-1 and W-3) 
are located on the western wall of the duct.  Figure 2 presents photographs showing 
the four ports.  During the 60-minute ammonia slip test on May 31, each of these ports 
was sampled for 15 minutes.  During the 40-minute ammonia slip tests on June 1, 
each port was sampled for 10 minutes.  On both the eastern and western sides of the 
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economizer outlet, a support beam level with the sampling ports is located inside the 
duct at a depth of several feet.  These support beams prevented the performance of 
an isokinetic traverse of the economizer outlet duct.  Instead, sampling through each 
port was conducted at a constant sampling rate at the single, deepest point that could 
be reached using a 10-foot probe.  (In some instances, the probe was inserted at an 
angle to allow it to pass under the support beam). 

SCR Inlet 
NOx and CO tests were conducted at the SCR inlet on May 30–June 1.  The eastern 
wall of the SCR inlet duct is outfitted with four, four-inch flange ports, each of which 
contains six permanent sampling tubes.  The six tubes installed through each of the 
four ports terminate at different depths in the duct, creating a 24-point grid of sample 
points covering the cross section of the duct.  Clean Air Engineering performed NOx 
and CO testing using an automated sampling system that sequentially extracted 
samples from the grid points.  Each of the 24 grid points was sampled for a one-
minute interval during each 24-minute test.  A diagram showing the locations of the 
SCR inlet grid sampling points is provided in the CAE report that is included as 
Appendix A to this report. 

SCR Outlet 
NOx and CO tests were conducted at the SCR outlet on May 30–June 1.  As with the 
SCR inlet duct, the eastern wall of the SCR outlet duct is outfitted with four, four-inch 
flange ports, each of which contains six permanent sampling tubes.  The six tubes 
installed through each of the four ports terminate at different depths in the duct, 
creating a 24-point grid of sample points covering the cross section of the duct.  Clean 
Air Engineering performed NOx and CO testing using an automated sampling system 
that sequentially extracted samples from the grid points.  Each of the 24 grid points 
was sampled for a one-minute interval during each 24-minute test.  A diagram showing 
the locations of the SCR outlet grid sampling points is provided in the CAE report that 
is included as Appendix A to this report. 

Air Heater Inlet 
Ammonia sampling at the air heater inlet was conducted through two ports located 
immediately upstream of the unit’s two air heaters.  One port was located at 
approximately the center (horizontal dimension) of the south wall of the eastern air 
heater inlet duct, and the other port was located at approximately the center of the 
south wall of the western air heater inlet duct. 
During each ammonia slip test on May 31 and June 1, CONSOL R&D and Clean Air 
Engineering simultaneously performed ammonia sampling through these ports.  
During the first half of each test, one group sampled the eastern duct while the other 
group sampled the western duct.  The groups then exchanged positions for the second 
half of the test, such that each collected a composite sample representing the average 
concentration in both ducts.  Both groups drew samples at a constant rate from a 
single point located near the center of each duct.  The test on May 31 was 60 minutes 
in duration, and the tests on June 1 were each 40 minutes in duration.   
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During each ammonia slip test on June 20 and 21, CONSOL R&D used two sampling 
trains to simultaneously extract separate samples from the eastern and western air 
heater inlet ducts.  Each sample was drawn at a constant rate from a single point 
located near the center of the duct.  With the exception of the first test in the western 
duct, which lasted 50 minutes, all of the tests on June 20 and 21 were 40 minutes in 
duration.  Figure 3 presents a photograph of the air heater inlet sampling location. 

Flue Gas Measurements 

Oxides of Nitrogen 
All NOx measurements were performed by Clean Air Engineering using U.S. EPA 
Method 7E, modified to incorporate the use of CAE’s Multipoint Automated Sampling 
System.  A complete description of the methodology is provided in the CAE report that 
is included as Appendix A to this report.   

Carbon Monoxide 
All CO measurements were performed by Clean Air Engineering using U.S. EPA 
Method 10, modified to incorporate the use of CAE’s Multipoint Automated Sampling 
System.  A complete description of the methodology is provided in the CAE report that 
is included as Appendix A to this report.   

Ammonia 
CONSOL R&D 
CONSOL R&D performed ammonia sampling using a modified version of U.S. EPA 
Conditional Test Method 027.  Because of space constraints at the sampling locations, 
complete isokinetic traverses could not be completed as specified in the method (as 
discussed above, all sampling was conducted at a constant sampling rate), and a 
heated Teflon sample line was required to connect the sampling probe to the 
impingers.  Given the presence of SO2 and SO3 in the flue gas and the temperature of 
the heated line (~250 ºF), some of the collected ammonia was expected to condense 
out of the sample stream as ammonium bisulfate in the Teflon line, before reaching the 
impingers.  Hence, the contents of line were collected by rinsing with deionized water, 
and this line rinse was analyzed to account for the ammonia collected there.  The 
sampling procedure is described in more detail below. 
Samples were collected by pulling flue gas through an in-stack filter assembly 
containing a quartz fiber filter and a temperature-controlled quartz-lined probe that was 
heated to a temperature of approximately 250 °F.  Upon exiting the probe, the flue gas 
passed through a heated Teflon sample line (maintained at ~250 °F) to the impinger 
train, where it flowed through a series of chilled impingers.  The first two impingers 
were Greenburg-Smith design, each containing 100 mL of a 0.1 normal (N) sulfuric 
acid (H2SO4) solution.  The third impinger, also containing 0.1 N H2SO4, was a 
Greenburg-Smith with the tip removed and was used to evaluate NH3 breakthrough.  
The final impinger, a Greenburg-Smith without the tip, was filled with approximately 
200 g of silica desiccant for moisture removal.  After exiting the impingers, the gas 
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sample passed through a dry test meter where its volume was measured.  The O2 
concentration in the gas exiting the dry test meter was monitored using a Teledyne 
Max V portable electrochemical O2 analyzer. 
Prior to sampling, the system was leak checked under a vacuum of approximately 10“ 
Hg.  The sample probe was placed at the proper location in the sample port; the 
sample port opening was sealed, and gas was sampled for 40-60 minutes.  The 
following data were recorded: (1) starting gas volume, (2) interval gas volume, (3) final 
gas volume, (4) probe temperature, (5) heated line temperature, (6) meter differential 
pressure setting, (7) dry test meter temperature, (8) system vacuum, (9) exit gas O2 
concentration, (10) barometric pressure, and (11) sampling time.  Copies of the field 
data sheets are provided in Appendix B.  After sampling, the probe was removed from 
the duct and leak checked under a vacuum equal to or greater than the highest 
vacuum observed during testing, and the train components were disassembled for 
sample recovery.  The sample train components were recovered in the following 
manner:   
Sample Probe and In-Stack Filter Assembly - The quartz probe liner was rinsed with 
deionized water, and the rinse was collected in an approved sample container.  The 
filter was collected, but not analyzed, and the filter assembly was cleaned with 
deionized water.  (The filter assembly rinse was not recovered).  The probe rinse was 
diluted to a known volume and refrigerated until analysis. 
Heated line - The heated Teflon line was rinsed with deionized water, and the rinse 
was collected in an approved sample container.  The rinse was then diluted to a 
known volume and refrigerated until analysis. 
Impingers - The contents of the first three impingers and connecting glassware 
(including rinses of these sample train components with deionized water) were 
collected in approved sample containers.  These samples were then diluted to known 
volumes and refrigerated until analysis.   

All samples were analyzed in the field for ammonium ion by ion selective electrode, 
per the request of AES and Babcock Power Environmental Inc.  (ISE is not specified in 
EPA CTM 027).  The ISE analyses were performed in accordance with Standard 
Method 4500-NH3 D, using a Thermo Scientific Orion Model 95-12 ammonia gas-
sensing ion specific electrode coupled with an Oakton model pH 2100 pH/ion meter. 

In addition, all samples collected on May 31-June 1 were analyzed for ammonium ion 
by ion chromatography per CTM 027.   

For both the ISE and the IC analyses, the concentration of ammonia in the flue gas 
was calculated based on the mass of ammonium ion collected (sum of masses 
determined in the probe, heated line, and impingers) and the volume of flue gas 
sampled during the test.   
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Clean Air Engineering
Clean Air Engineering performed ammonia sampling using a modified version of U.S. 
EPA Conditional Test Method 027.  Ammonia concentrations in the collected samples 
were determined by ion selective electrode in the field and by ion chromatography in 
the laboratory.  A complete description of the methodology is provided in the CAE 
report that is included as Appendix A to this report.   

Coal Sample Analyses 
Coal samples were analyzed using the following methods: 
 
ASTM D 2013 Preparing Coal Samples for Analysis.  This standard practice covers 
the reduction and division of gross or divided samples up to and including the 
individual portions used for laboratory analysis. 
 
ASTM D 3302 Standard Test Method for Total Moisture in Coal. 
All of the moisture in and on a sample of coal is determined based on the loss of 
weight in a coal sample in an air atmosphere under rigidly controlled conditions of 
temperature, time, and air flow.  
 
ASTM D 5142 Proximate Analysis of the Analysis Sample of Coal and Coke by 
Instrumental Procedures.  Moisture, volatile matter and ash are determined 
sequentially in a single instrumental procedure by establishing the loss in mass of the 
analysis specimen when heated under rigidly controlled conditions of temperature, 
time, atmosphere, and specimen mass. 
 
ASTM D 5373 Instrumental Determination of Carbon, Hydrogen, and Nitrogen in 
Laboratory Samples of Coal and Coke.  Carbon, Hydrogen, and Nitrogen are 
determined concurrently in a single instrumental procedure. The conversion of the 
subject materials in each sample occurs during combustion of the sample at an 
elevated temperature in an atmosphere of purified oxygen.  
 
ASTM D 4239 Sulfur in the Analysis Sample of Coal and Coke Using High-
Temperature Combustion and Infrared Absorption.  The test specimen is heated in a 
tube furnace in a stream of oxygen to oxidize the sulfur to sulfur dioxide. The gas 
stream containing the sulfur dioxide is passed through a cell where it is measured at a 
precise wavelength by an infrared absorption detector.  
 
ASTM D 5865 Gross Calorific Value of Coal and Coke.  A weighed sample of coal is 
burned under controlled conditions in an oxygen bomb calorimeter. The higher heating 
value is calculated from the temperature rise of the water in the calorimeter vessel and 
the effective heat capacity of the system. Corrections are made for the heat released 
by the ignition of the fuse and the thermochemical reactions forming nitric and sulfuric 
acids.  
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ASTM D 6721 Determination of Chlorine by Oxidative Hydrolysis Microcoulometry.  A 
weighed sample is combusted with tungsten accelerator in a humidified oxygen gas 
flow, at 900 °C. Halogens are oxidized and converted to hydrogenated halides, which 
are flushed into a titration cell where they accumulate. Chlorine is converted to 
hydrochloric acid. Once the chloride is captured in the electrolyte of the titration cell, it 
can be quantitatively determined by microcoulometry. 
 
ASTM D 6349 Determination of Major and Minor Elements in Coal, Coke, and Solid 
Residues from Combustion of Coal and Coke by Inductively Coupled Plasma-Atomic 
Emission Spectrometry.  The sample to be analyzed is ashed under standard 
conditions and ignited to a constant weight. The ash is digested in a mixture of 
hydrofluoric, nitric, and hydrochloric acids. The solution is then analyzed by ICP-AES, 
in which characteristic line emission spectra are produced by a radio-frequency 
inductively coupled plasma. The intensity of these emissions is proportional to the 
concentration of analyte in the sample. 

 

QUALITY ASSURANCE AND QUALITY CONTROL 

Test Equipment 
The CONSOL field sampling team uses standard EPA-type sampling equipment.  
Most of the equipment was obtained from Thermo-Andersen (formerly known as 
Andersen Instruments, Graseby-Nutech, and Nutech) and conforms to all applicable 
test codes.  All sampling trains were leak checked prior to each test and again at the 
end of each test. 
A Teledyne Max V portable gas analyzer was used for determining flue gas 
composition at the sample train discharge.  The meter operator uses the readings to 
assess the operation of the sampling train and the unit operation.  Past experience has 
indicated that the accuracy of the oxygen determination by this analyzer is equal to or 
better than that of a manual Orsat analyzer. 
The test equipment used by Clean Air Engineering is described in the CAE report that 
is included as Appendix A to this report. 

Oxides of Nitrogen Measurements 
Quality assurance / quality control information for the NOx measurements is provided 
in the Clean Air Engineering report that is included as Appendix A to this report. 

Carbon Monoxide Measurements 
Quality assurance / quality control information for the CO measurements is provided in 
the Clean Air Engineering report that is included as Appendix A to this report. 
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Ammonia Measurements 
CONSOL R&D 
For the ISE analyses, at the beginning of each analytical day, fresh calibration 
standards with concentrations of 0.1, 1.0, 10, and 100 mg/L NH3-N were prepared.  
These were used to develop a standard semilogarithmic curve relating concentrations 
of NH3-N to the ion meter’s millivolt readings.  Blank samples of the deionized water 
and 0.1 N H2SO4 reagents used for sample recovery were run to confirm that they 
were not contaminated.   
For the ion chromatography analyses, although not required by method, samples were 
run in duplicate.  The average result for each sample was reported.  In all cases, the 
duplicate results had a relative percent difference of ≤10%.  An independent quality 
control standard with a concentration of approximately the midpoint of the calibration 
curve range was run immediately after calibration and after every 10 samples.  In all 
cases, recovery of the quality control standard was between 90% and 110%.  One 
sample per batch was spiked at 2 mg/L NH3-N to assess any possible matrix issues; 
none were discovered.  Blank samples of the deionized water and 0.1 N H2SO4 
reagents used for sample recovery were also run to confirm that they were not 
contaminated. 
In addition to the standard QA/QC procedures specified in CTM 027, blank samples 
were obtained after one of the tests on June 1 and after one of the tests on June 20 by 
performing a second rinsing of the probe and line that were used for sampling at the 
air heater inlet.  This was done to ensure that: (1) the initial rinses succeeded in 
recovering all of the ammonia collected in the probe and line, and (2) there was no 
residual ammonia from the test that could affect the results of a subsequent test.  The 
blank rinses from June 1 were analyzed by ISE and IC, and the blank rinses from June 
20 were analyzed by ISE.  The ammonium concentrations in the probe rinse blanks 
were less than or equal to the ammonium concentrations in the deionized water 
blanks, and the amount of ammonium recovered in the line rinse blanks was ≤3% of 
the amount recovered in the original line rinses.  Moreover, during the May 31-June 1 
testing period, the impingers from a blank CTM 027 train were recovered in the field 
and analyzed for ammonium; ammonium concentrations in all three field blank 
impingers were less than the IC limit of detection (0.1 mg/L NH3-N). 
Clean Air Engineering 
Quality assurance / quality control information for the NH3 measurements made by 
Clean Air Engineering is provided in the CAE report that is included as Appendix A to 
this report. 
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Figure 1. Sampling locations 
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Figure 2. Economizer outlet sampling ports 
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Figure 3. Air heater inlet sampling location 
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APPENDIX A 
Clean Air Engineering Report (NOx, CO, and NH3 Sampling) 

   







































































































































































































































































































































































































































































































 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
Field Data Sheets 

   







































 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
Laboratory Analyses 
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