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ABSTRACT 
 

CONSOL Energy Inc., Research & Development (CONSOL), with support from the U.S. 
Department of Energy, National Energy Technology Laboratory (DOE) and the Electric 
Power Research Institute (EPRI), is evaluating the effects of selective catalytic 
reduction (SCR) on mercury (Hg) capture in coal-fired plants equipped with an 
electrostatic precipitator (ESP) - wet flue gas desulfurization (FGD) combination or a 
spray dryer absorber – fabric filter (SDA-FF) combination.  In this program CONSOL is 
determining mercury speciation and removal at 10 coal-fired facilities.  The objectives 
are 1) to evaluate the effect of SCR on mercury capture in the ESP-FGD and SDA-FF 
combinations at coal-fired power plants, 2) evaluate the effect of catalyst degradation on 
mercury capture; 3) evaluate the effect of low load operation on mercury capture in an 
SCR-FGD system, and 4) collect data that could provide the basis for fundamental 
scientific insights into the nature of mercury chemistry in flue gas, the catalytic effect of 
SCR systems on mercury speciation and the efficacy of different FGD technologies for 
mercury capture. 
 
This document, the seventh in a series of topical reports, describes the results and 
analysis of mercury sampling performed on a 1,300 MW unit burning a bituminous coal 
containing three percent sulfur.  The unit was equipped with an ESP and a limestone-
based wet FGD to control particulate and SO2 emissions, respectively.  At the time of 
sampling an SCR was not installed on this unit.  Four sampling tests were performed in 
September 2003.  Flue gas mercury speciation and concentrations were determined at 
the ESP outlet (FGD inlet), and at the stack (FGD outlet) using the Ontario Hydro 
method.  Process stream samples for a mercury balance were collected to coincide with 
the flue gas measurements.   
 
The results show that the FGD inlet flue gas oxidized:elemental mercury ratio was 
roughly 2:1, with 66% oxidized mercury and 34% elemental mercury.  Mercury removal, 
on a coal-to-stack basis, was 53%.  The average Hg concentration in the stack flue gas 
was 4.09 µg/m3.  The average stack mercury emission was 3.47 Ib/TBtu.  The mercury 
material balance closures ranged from 87% to 108%, with an average of 97%.   
 
A sampling program similar to this one was performed on a similar unit (at the same 
plant) that was equipped with an SCR for NOx control.  Comparison of the results from 
the two units show that the SCR increases the percentage of mercury that is in the 
oxidized form, which, in turn, lends to more of the total mercury being removed in the 
wet scrubber. 
 
The principal purpose of this work is to develop a better understanding of the potential 
mercury removal "co-benefits" achieved by NOx, and SO2 control technologies.  It is 
expected that this data will provide the basis for fundamental scientific insights into the 
nature of mercury chemistry in flue gas, the catalytic effect of SCR systems on mercury 
speciation and the efficacy of different FGD technologies for mercury capture.  
Ultimately, this insight could help to design and operate SCR and FGD systems to 
maximize mercury removal. 
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INTRODUCTION 

The CONSOL Energy Inc. Research and Development (CONSOL R&D) is determining 
mercury speciation and removal at 10 coal-fired facilities with selective catalytic 
reduction (SCR) / flue gas desulfurization (FGD) combinations (Table 1).  CONSOL 
R&D’s Exploratory and Environmental Research Group conducted a series of flue gas 
mercury (Hg), measurements at Plant 5, on Unit 2, on September 25 and 26, 2003, in 
conjunction with the Electric Power Research Institute, Inc. (EPRI Agreement EP-
P13687/C6810), under U. S. Department of Energy (DOE) Cooperative Agreement No. 
DE-FC26-02NT41589.  The test program consisted of four sets of measurements 
across the FGD system.  The Hg measurements were made using the Ontario-Hydro 
Flue Gas Hg Speciation Method at the FGD inlet and the Stack.  The testing conducted 
by CONSOL R&D is documented in this report.  

Table 1.  Coal-fired Facilities in Program 
Site # MW Air Pollution Control Devices Coal Ozone Unit 

1 330  SCR / Spray Dryer / Baghouse Bit year round 
2 245  SCR / Spray Dryer / Baghouse Bit year round 
          
3 560  SCR / ESP/ Limestone FGD, inhibited oxidation Bit Yes 

4 Unit 1 468  ESP/ Limestone FGD, natural oxidation Bit  (1) 
4 Unit 2 468  SCR / ESP/ Limestone FGD, natural oxidation Bit year round 
5 Unit 1 1,300  SCR / ESP/ Limestone FGD, in-situ oxidation Bit Yes 
5 Unit 2 1,300  ESP/ Limestone FGD, in-situ oxidation Bit  (1) 

6 (2) 544  SCR / ESP/ Limestone FGD, ex-situ oxidation Bit Yes 
7 (2) 566  SCR / ESP/ Limestone FGD, ex-situ oxidation Bit Yes 

      
8 684  SCR / ESP / Lime FGD, ex-situ oxidation Bit Yes 
9 640  SCR / ESP/ Lime FGD, inhibited oxidation Bit Yes 

10 1,300  SCR / ESP/ Lime FGD, inhibited oxidation Bit Yes 
(1) SCR not installed when test were conducted 
(2) Tests also conducted during non-ozone season while flue gases bypassed the SCR 

 
HOST UTILITY DESCRIPTION 

Plant 5 is a 2,600 MW pulverized bituminous coal-fired generation facility that operates 
two nearly identical 1,300 MW units.  Each Unit utilizes an ESP and a wet limestone 
FGD to control the emissions of particulate matter and SO2, respectively.  There are 
three 50% scrubber modules per unit.  The FGD slurry is oxidized in-situ to produce 
gypsum, which is sent to a nearby pond for stacking.  At the time of sampling, Unit One 
had an SCR unit in operation, while construction was underway on an SCR for Unit 
Two.   
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MERCURY SAMPLING RESULTS 
 
I. Test Matrix 
The mercury measurements consisted of a total of four tests over two days.  The test 
matrix is shown in Table 2. 
 

Table 2.  Sampling Test Matrix 
Hg Sampling Process Sampling 

Date Activity FGD 
Inlet 

Stack
Outlet Coal ESP

Ash
FGD 

Sludge
Limestone 

Slurry 
Makeup
Water 

9/24/03 Setup --- --- --- --- --- --- --- 
9/25/03 Test 1 X X X X X X X 

Test 2 X X X X X X X 
Test 3 X X X X X X X 
Test 4 X X X X X X X 9/26/03 
Pack 

Demobilization --- --- --- --- --- --- --- 

 
A total of eight flue gas mercury measurements were conducted using the Ontario 
Hydro Method (ASTM Method D-6784-02).  All flue gas mercury tests were 120 minutes 
in duration.  Details of sampling conditions are provided later in this report. 
 
To calculate a material balance, CONSOL R&D and plant personnel obtained process 
samples concurrently within the gas sampling periods.  Laboratory analyses were 
performed by CONSOL R&D and the results of analyses are included in this report.  
 
II. Flue Gas Mercury Sampling Results 
Figure 1 shows the mercury speciation for the four tests conducted at the FGD inlet and 
stack locations.  All tests were made isokinetically.  A complete listing of mercury 
analyses is in Appendix C.  The results at each location are discussed below. 

 
A. FGD Inlet 

Four mercury measurements were conducted at the FGD inlet.  However, the Test 1 
oxidized mercury concentration was anomalously high (as much as 7 to 13 times higher 
than the other three tests).  This indicates possible sample contamination.  Therefore, 
the results from Test 1 are not included in the average concentration for the FGD inlet.  
Table 3 summarizes the mercury measurements at the FGD inlet.  The results show 
that nearly 99.9% of the mercury was in the gas phase.  The high percentage of gas 
phase mercury is expected due to the upstream particulate control device.  Sixty-six 
percent of the total mercury was in the oxidized form.  The average concentrations of 
the particulate, oxidized and elemental mercury measured at this location were 0.02, 
8.89 and 4.65 µg/m3, respectively.  The average concentration of total mercury was 
13.6 µg/m3 and the average mass flow rate of mercury was 19.4 mg/sec.  This is higher 
than the total mercury input flow rate from the coal.  As described later in this report, the 
flue gas was sampled at only two sampling points at this location because a full 
sampling traverse could not be made.  The higher-than-expected total mercury 
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concentration suggests that the mercury was not evenly distributed across the duct 
cross-section. 
 

Table 3.  Flue Gas Hg Speciation at the FGD Inlet 

Hg Concentration, µg/m3 
(dry std conditions) Hg Flow, mg/sec  

Date Test 
No. 

Hgpart Hg++ Hg0 Hgtotal Hgpart Hg++ Hg0 Hgtotal 

09/25/03 1 0.06a 78.2a 5.42a 83.7a 0.09a 114a 7.90a 122a 

09/26/03 2 0.03 9.77 5.90 15.7 0.04 14.2 8.56 22.7 
09/26/03 3 0.02 10.1 4.25 14.4 0.03 14.4 6.03 20.4 
09/26/03 4 0.01 6.76 3.81 10.6 0.02 9.70 5.47 15.2 

Average 
Std. Deviation 

PRSD 

0.02 
0.01 
50 

8.89 
1.86 
21 

4.65 
1.10 
24 

13.6 
2.66 
20 

0.03 
0.01 
33 

12.8 
2.65 
21 

6.69 
1.64 
25 

19.4 
3.88 
20 

  a – Result not included in averages 

 
B. Stack 

Four mercury measurements were conducted at the stack.  Table 4 summarizes the results 
of measurements.  Eighty-eight percent of the mercury in the stack flue gas was in the 
elemental form.  The average concentrations of the particulate-bound, oxidized, and 
elemental mercury were 5.18x10-3, 0.47, and 3.61 µg/m3, respectively.  The average 
concentration of the total mercury was 4.09 µg/m3 and the average mass flow rate of 
mercury was 5.99 mg/sec. 
 

Table 4.  Flue Gas Hg Speciation at the Stack 

Hg Concentration, µg/m3 
(dry std conditions) Hg Flow mg/sec  

Date Test 

Hgpart Hg++ Hg0 Hgtotal Hgpart Hg++ Hg0 Hgtotal 

09/25/03 1 4.09x10-3 0.42 3.78 4.21 6.09x10-3 0.63 5.63 6.26 
09/26/03 2 3.30x10-3 0.41 3.58 3.99 4.82x10-3 0.60 5.22 5.82 
09/26/03 3 2.83x10-3 0.63 3.34 3.97 4.09x10-3 0.91 4.84 5.75 
09/26/03 4 1.05x10-2 0.42 3.75 4.19 1.54x10-2 0.61 5.51 6.14 

Average 
Std. Deviation 

PRSD 

5.18x10-3 
3.58x10-3 

69. 

0.47 
0.11 
23 

3.61 
0.20 
5.6 

4.09 
0.13 
3.1 

7.6x10-3 
5.3x10-3 

69 

0.69 
0.15 
22 

5.30 
0.35 
6.6 

5.99 
0.25 
4.1 

 
III. Hg Removal Across FGD 

 
Table 5 summarizes the flue gas mercury removal across the FGD.  The coal-to-stack 
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average mercury removal was 53%.  Comparing the mercury at the stack to the mercury at 
the FGD inlet, the average removal was 69%.  This value is based on a high concentration 
of mercury at the FGD inlet, probably due to sampling only two points instead of the full duct 
cross-section.  As discussed earlier, the FGD inlet sample in Test 1 was possibly 
contaminated and, thus, is not included in the average. 
 

Table 5.  Flue Gas Mercury Removal 

System Mercury Reduction 

Ontario Hydro Results,         
mg Hgtotal /sec. 

Coal Feed Based Reduction, 
mg Hgtotal /sec 

Date Test 

FGD 
Inlet 

Stack 
Emissions

% 
Reduction

Coal 
Feed 

Stack 
Emissions 

% 
Reduction

09/25/03 1 122 6.26 95 12.5 6.26 50 
09/26/03 2 22.7 5.82 74 12.4 5.82 53 
09/26/03 3 20.4 5.75 72 13.8 5.75 58 
09/26/03 4 15.2 6.14 60 12.4 6.14 50 

Average 

Standard Deviation 
PRSD 

19.4a 
3.88 
20 

5.99 
0.25 
4.1 

69a 

7.9 
12 

12.8 
0.72 
5.6 

5.99 
0.25 
4.1 

53 
3.9 
7.5 

 a – Average does not include µg Hgtotal /m3 values from Test 1. 
 

IV. Mercury Material Balance 
 
An important criterion to gauge the overall quality of the tests is to conduct a mass 
balance to account for the mercury entering and leaving the plant during the tests.  The 
mercury material balance closure (expressed as %) is value of the total mercury leaving 
the plant divided by the value of the total mercury entering the plant.  The total mercury 
entering the plant is the sum of the amounts of mercury in the coal, limestone slurry ME 
(mist eliminator) wash water, and FGD makeup water.  The total mercury leaving the 
plant is the sum of the amounts of mercury in mill rejects, bottom ash, ESP hopper ash, 
FGD slurry, and stack flue gas. 
 
Table 6 summarizes the mercury material balance closure for the four tests conducted 
at the plant.  The calculated mercury material balance closures ranged from 87% to 
108%.  The material balance closures for mercury for all four tests are within the QA/QC 
criterion of 70-130% for a single test, and the average value is 97%, which is within the 
QA/QC criterion of 80-120% for multiple tests.   
 
The measurements, calculations, and assumptions for calculating the material balances 
are described later in this report. 
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Table 6.  Material Balance Closure for Mercury. 
Test No. 1 2 3 4 

  Hg input from Coal (mg/sec) 12.5 12.4 13.8 12.4 

  Hg input from limestone slurry (mg/sec) 0.14 0.14 0.14 0.14 

  Hg input from FGD make-up water (mg/sec) 0.11 0.12 0.11 0.11 

Hg input to the system (mg/sec) 12.7 12.6 14.1 12.6 

 
  Hg output via boiler bottom ash (mg/sec) 0 0 0 0 

  Hg output via ESP hopper ash (mg/sec) 0.94 0.27 0.47 0.15 

  Hg output via FGD slurry (mg/sec) 6.53 6.74 5.99 5.42 

  Hg output via stack gas (mg/sec) 6.26 5.82 5.75 6.14 

Hg output from the system (mg/sec) 13.7 12.8 12.2 11.7 

 

  Hg material balance closure (output/Input) 108% 102% 87% 93% 

Average Hg Material Balance 97% 

 
IV. SCR/Non-SCR Test Comparison 
 
A mercury sampling test program was performed in June 2004 on Unit 1 of the same 
plant, which is identical to Unit 2 except that Unit 1 is equipped with a Selective 
Catalytic Reduction (SCR) device for NOx control1.  The purpose of performing the 
sampling program on both units at this plant was to compare mercury speciation and 
reduction with and without SCR. 
 
The results show that the SCR does indeed increase the oxidation of the mercury.  At 
the point where the flue gas enters the FGD, a greater percentage of the mercury is in 
the oxidized form in the unit with the SCR compared to the unit without the SCR.  Table 
7 shows the average mercury speciation of the flue gas in the FGD inlet duct for both 
units.  The Unit 1 data are the averages of four sampling test runs; the unit 2 data are 
the averages of three runs.  Because this location is downstream of the plant’s ESP, 
there is very little particulate mercury. 

                                            
1 J. A. Withum, S. C. Tseng, J. E. Locke, “Topical Report No. 4,” for U.S. DOE Cooperative Agreement 
No. DE-FC26-02NT41589, April 2005 
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Table 7.  Comparison of Average Flue Gas Mercury Speciation at the FGD Inlet 
 Unit 1 

(with SCR) 
Unit 2 

(without SCR) 

Hgpart   0.2%   0.2% 

Hg++ 94.3% 65.5% 

Hg0   5.4% 34.3% 

 
This higher level of oxidation resulted in substantially higher mercury removals in the 
scrubber.  Table 8 shows that total mercury removal was 89% on the unit with SCR, but 
only 69% on the unit without SCR.  The difference was due to the scrubber’s inability to 
remove elemental mercury. 
 
Table 8.  Comparison of Average Mercury Reductions Across the FGD Scrubber 

Unit 1 
(with SCR) 

Unit 2 
(without SCR) 

 

FGD Inlet, 
mg Hg/sec 

Stack, 
mg Hg/sec Reduction FGD Inlet, 

mg Hg/sec
Stack, 

mg Hg/sec Reduction

Hgpart 0.03    0.003 90% 0.03   0.008 74% 

Hg++ 12.5 0.62 95% 12.8 0.69 95% 

Hg0 0.72 0.90  -25% 6.69 5.30 21% 

Total Hg 13.2 1.52 89% 19.4 5.99 69% 

 
 

EXPERIMENTAL AND SAMPLING METHODS 
CONSOL R&D performed flue gas mercury determinations using the Ontario-Hydro 
sampling method.  As a quality assurance/quality control (QA/QC) measure, samples of 
coal, ESP ash, limestone slurry, FGD slurry, and makeup water were taken to 
determine the mercury material balance across the plant. 

I. Flue Gas Sampling Locations and Sampling Points 
Flue gases were sampled at two locations, the FGD inlet and stack.  Figure 2 is a flow 
schematic indicating the sampling locations at this unit. 

A. FGD Inlet 
Figure 3 is a schematic of the FGD inlet sampling location.  The FGD inlet duct is 
approximately 29 ft. deep and 48 ft. wide.  A single point was sampled in each of two 
test ports in the duct.  Each point was sampled for 60 minutes. 
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Four Hg measurements were performed at the FGD inlet.  The sample train was 
prepared in EPA Method 17 configuration using an in-stack 47-mm quartz-fiber filter.  
The filter apparatus was attached to a heated probe that was connected to the impinger 
train with a flexible heated Teflon sample line.  Each sample run was 120 minutes. 

Preliminary pitot surveys conducted on the September 25, 2003, indicated that the gas 
flow was straight, not cyclonic.  Hg measurements were conducted with the sampling 
nozzle oriented parallel to and directly into the flow. 

Figure 4 is a photograph of the FGD inlet sampling location.  Hg measurements were 
conducted isokinetically. 

B. Stack 
Figure 5 is a schematic of the stack sampling location.  The stack is approximately 38.5 
feet in diameter.  A single point sampling was conducted in a single sample access port.  
Throughout the duration of the Ontario Hydro sampling period, velocity traverses were 
completed in four access ports, each with three traverse points, as determined by EPA 
Method 1. 

Four 120-minute sample runs were performed at the stack sampling location.  A 
standard EPA Method 5 sample train configuration was utilized for this location.   

Preliminary pitot surveys conducted on the September 25, 2003, indicated that the gas 
flow was straight, not cyclonic nor swirling.  Hg measurements were conducted with the 
nozzle oriented horizontally, directly into the flow.   

Figure 6 is a photograph of the Hg sampling train on the stack.  Hg measurements were 
conducted isokinetically. 

II Flue Gas Mercury Measurements 
Flue gas Hg measurements were performed using the Ontario-Hydro Hg speciation 
train.  The sampling train schematic is shown in Figure 7.  A description of the method 
follows. 

The flue gas is extracted from the flue gas stream and pulled through a heated glass-
lined probe and quartz filter.  Total particulate matter mass loading is calculated from 
the solids collected prior to and on the filter.  Where particle loading is high, the probe 
and filter temperature are maintained as close as practical to the flue gas temperature.  
In this test program, probe and filter temperatures were maintained at 325 ± 25 °F at the 
FGD inlet, and 250 ± 25 °F at the stack. 
Mercury collected prior to and on the filter is assumed to be particulate Hg (Hgpart).  The 
flue gas exits the quartz filter and passes through a series of chilled impingers.  The first 
three impingers are filled with 100 mL of a 1M-potassium chloride (KCl) solution.  It is 
assumed these impingers capture oxidized forms of Hg in the flue gas (Hg++).  The next 
impinger is filled with 100 mL of a 5% nitric acid and 10% H2O2 solution.  The purpose 
of this impinger is to remove SO2 from the flue gas to preserve the oxidizing strength of 
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the permanganate impingers.  Hg collected in this impinger is assumed to be the 
elemental form (Hg0).  The next two impingers are filled with 100 mL of an acidic 
potassium permanganate (KMnO4) solution. It is assumed that these impingers collect 
elemental mercury (Hg0).  The next impinger is blank to catch any excess moisture.  
The gas exits the impinger train through a silica gel-filled impinger that removes the 
moisture from the flue gas.  The Hg species collected by the Ontario-Hydro sampling 
train component are listed in Table 9. 
 

Table 9.  Hg Speciation by Train Component 
Train Component Species Measured 

  Probe & Nozzle Rinse Hgpart 

  Quartz Filter Hgpart 

  KCl Impingers Hg++ 

  HNO3/H2O2 Impinger Hg0 

  KMnO4 Impingers Hg0 

  HCl Rinse of KMnO4 Impingers Hg0 
  
The absorbing solutions were made fresh daily.  The impingers were charged and the 
sampling components were transported to the required locations.  The sampling trains 
were assembled, pre-heated, and checked for pitot and sample line leaks as detailed in 
EPA Methods 2 and 5, respectively.  After passing the leak-check procedure, the 
sampling probes were inserted into their respective ducts, in-stack filters were allowed 
to heat to stack temperature, and sampling was initiated.  Leak checks were also 
performed during port changes.   

Oxygen readings were monitored at the outlet of the sampling train using a Teledyne 
Model Max 5 portable analyzer (electrochemical O2 sensor).  At the completion of the 
sampling period, the sample trains were checked for leaks, purged for 10 min, and then 
disassembled.  The components were transported back to the lab trailer for recovery.   

The Hg concentration of the individual impinger solutions was determined by a cold 
vapor atomic absorption (CVAA) spectrometer as specified in the methodology.  The 
concentration of Hg on the solids was determined by acid digestion followed by CVAA. 

The amount of mercury collected in the impinger solutions was determined as outlined 
in EPA Method 29 and the Ontario-Hydro Draft Method.  An aliquot of the impinger 
solution is acidified and the mercury is determined by CVAA. The CVAA spectrometer is 
calibrated with commercial mercury standard.  The calibration is verified using NIST 
Standard 1641D.  The calibration is reassessed periodically by analyzing a quality 
control standard.  The instrument is recalibrated as required.  Each sample matrix is 
analyzed as a set and an individual calibration curve is used for each set.  Depending 
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on sample type, selected samples are spiked with 2, 5, 10, or 15 ng/mL (ppb) of 
mercury and reanalyzed.  Spike recovery must be within ±30% or the sample is diluted 
and reanalyzed.  Selected samples are analyzed in duplicate.  The duplicates must be 
within ±30% or the analyses are repeated. 

Where sufficient solids are collected, particulate mercury is analyzed using a 0.5-1.0 gm 
ash sample with the direct combustion method (ASTM Method D6722).  In cases where 
the particulate catch is low (primarily stack filters) the entire filter sample is digested with 
aqua-regia in pressure vessels prior to analysis by CVAA. 

III. Coal Sampling and Analysis 
A. Coal Samples 

Plant 5 (Tests 1 and 2) and CONSOL personnel (Tests 1 to 4) collected coal samples 
from five coal bins, 2-3, 2-4, 2-6, 2-8, and 2-11.  Each bin was sampled twice in a test.  
The first sample was taken during the first hour and the second was in the second hour 
of the test.  The coal sample was taken from a six-inch port welded to the bottom of the 
coal bin, as shown in Figure 8, using a device provided by the plant.  This device was 
made of a four-inch PVC pipe that could hold about two liters of coal.  Listed in Table 10 
are the coal samples collected from the five coal bins at Plant 5, Unit 2. 

Table 10.  List of Coal Samples 
Test No. Test Date Sampling Time Sample ID 

15:30-15:50 Plant 4-U2-Coal-T1-1 
1 09/25/03 

16:30-16:50 Plant 4-U2-Coal-T1-2 

09:20-09:40 Plant 4-U2-Coal-T2-1 
2 09/26/03 

10:30-10:50 Plant 4-U2-Coal-T2-2 

12:35-12:55 Plant 4-U2-Coal-T3-1 
3 09/26/03 

13:35-13:55 Plant 4-U2-Coal-T3-2 

15:15-15:35 Plant 4-U2-Coal-T4-1 
4 09/26/03 

16:30-16:50 Plant 4-U2-Coal-T4-2 

 
B. Summary of the Results of Coal Analyses 

Coal Samples were analyzed using a direct mercury analyzer following the procedures 
prescribed in ASTM Method D6722.  Detailed results of the coal analyses for each test 
are presented in Appendix D and summarized in Table 11.  The mercury contents in the 
coal ranged from 0.09 to 0.10 ppm. 
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Table 11.  Coal Sample Analytical Summary 

Sample ID/Analysis Plant 4-U2-Coal-
T1-1&2 

Plant 4-U2-Coal-
T2-1&2 

Plant 4-U2-Coal-
T3-1&2 

Plant 4-U2-Coal-
T4-1&2 

Test No. 1 2 3 4 
Test Date 09/25/03 09/26/03 09/26/03 09/26/03 

Analytical No. 33348 33349 33350 33351 

  Ash (dry, %) 9.86 9.86 10.02 9.58 
  Moisture (as det'd, %) 4.71 4.40 4.64 4.53 
  V.M. (dry, %) 39.18 38.89 40.08 39.05 
  Fixed C (dry, %) 50.96 51.25 49.9 51.37 
  HHV (Btu/Ib) 13,077 13,133 13,104 13,117 
  MAF (Btu/Ib) 14,507 14,570 14,563 14,507 
  Sulfur, total (dry, %) 3.33 3.28 3.33 3.27 
  Carbon (dry, %) 72.96 73.11 72.73 73.14 
  Hydrogen (dry, %) 5.05 4.98 4.91 5.00 
  Nitrogen (dry, %) 1.54 1.51 1.47 1.53 
  Chlorine (dry, %) 0.17 0.167 0.143 0.178 
  Oxygen (dry, %), by diff 7.09 3.28 7.40 7.30 
  Mercury (as det'd, ppm) 0.09 0.09 0.10 0.09 

Major Ash Element (dry, %)     
SiO2  48.04 47.08 47.42 46.43 
Al2O3  17.57 17.49 17.46 17.20 
TiO2  0.92 0.92 0.92 0.91 

Fe2O3  18.33 20.08 19.42 20.36 
CaO  5.22 5.62 5.80 5.60 
MgO  0.87 0.86 0.87 0.84 
Na2O  0.78 0.70 0.71 0.67 
K2O  2.19 2.10 2.14 2.11 
P2O5  0.10 0.12 0.14 0.14 
SO3  3.65 2.84 3.00 3.35 

 
IV. Process Sample Collection 
CONSOL R&D and plant personnel collected samples of limestone slurry, ESP hopper 
ash, FGD slurry, and FGD makeup water.  CONSOL R&D completed comprehensive 
analyses using a direct mercury analyzer and following the procedures prescribed in 
ASTM Method D6722.  Detailed results of the process material analyses are presented 
in Appendix D. 
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A. Limestone Slurry Samples 
Plant operators collected limestone slurry samples from Unit 2 limestone slurry storage 
tank.  Two bottles of approximately 500 mL of slurry samples were taken during each 
test.   One was collected during the first hour and the other during the second hour of 
the test.  After the samples were brought back to CONSOL R&D, the two samples 
collected in a test were mixed together to generate a composite sample for subsequent 
analyses.  Listed in Table 12 are the limestone slurry samples. 

Table 12.  List of Limestone Slurry Samples 
Test 
No. Test Date Sample 

Time Sample ID on Bottle Sample ID for 
Analysis 

15:30 Plant 4-U2-LS-T1-1 1 09/25/03 
16:30 Plant 4-U2-LS-T1-2 

Plant 4-U2-LS-T1 

9:30 Plant 4-U2-LS-T2-1 2 09/26/03 
10:30 Plant 4-U2-LS-T2-2 

Plant 4-U2-LS-T2 

12:45 Plant 4-U2-LS-T3-1 
3 09/26/03 

13:45 Plant 4-U2-LS-T3-2 
Plant 4-U2-LS-T3 

15:30 Plant 4-U2-LS-T4-1 
4 09/26/03 

16:30 Plant 4-U2-LS-T4-2 
Plant 4-U2-LS-T4 

 
B. ESP Hopper Ash Samples 

There are 64 ESP hoppers for Unit 2, arranged into four boxes.  Hoppers in each box 
are arranged in four rows and each row has four hoppers.  A schematic of the layout of 
these hoppers is shown in Figure 9.  According to a plant engineer, the hoppers in the 
first row (closest to the boiler) collect about 70% of the total incoming ash and the 
second row of hoppers collect about 20%.  The remaining two rows of hoppers collect 
the remaining 10% of the ash.  During the tests, four hoppers (2A4-1, 2A4-3, 2B3-1, and 
2B3-2) in the first row two hoppers (2A4-6 and 2B3-5) in the second row were sampled.  
The locations of these six hoppers are also indicated in Figure 9. 

Each of the six hoppers was sampled twice at the clean-out port as shown in Figure 10.   
The first sample was collected during the first hour and the second sample was 
collected during the second hour of the test.  About 1-2 pounds of ash were collected 
each time using an ash sampling thief which consisted of co-centric tubes with openings 
as shown in Figure 11.  After removing the screw caps of the clean-out ports, the thief 
was inserted into the ash hoppers through the ports.  The inner tube was rotated to 
allow the ash to drop into the tube.  The inert tube was then rotated to close the 
openings and the thief was then pulled out of the port.  The thief was then tilted to allow 
the ash to fall into a one-gallon sized plastic bag through the opening at the end of the 
thief.  Listed in Table 13 are the ESP hopper ash samples. 
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Table 13.  List of ESP Hopper Ash Samples 
Test 
No. 

Test 
Date 

Hopper 
No. 

Sample 
Time Sample ID 

Sample
Time Sample ID 

2A4-1 15:36 Plant 4-U2-T1-ESP-2A41-1 16:26 Plant 4-U2-T1-ESP-2A41-2 
2A4-3 15:39 Plant 4-U2-T1-ESP-2A43-1 16:28 Plant 4-U2-T1-ESP-2A43-2 
2A4-6 15:53 Plant 4-U2-T1-ESP-2A46-1 16:30 Plant 4-U2-T1-ESP-2A46-2 
2B3-1 15:42 Plant 4-U2-T1-ESP-2B31-1 16:35 Plant 4-U2-T1-ESP-2B31-2 
2B3-2 15:45 Plant 4-U2-T1-ESP-2B32-1 16:36 Plant 4-U2-T1-ESP-2B32-2 

1 09/25/03 

2B3-5 15:48 Plant 4-U2-T1-ESP-2B35-1 16:37 Plant 4-U2-T1-ESP-2B35-2 
2A4-1 9:19 Plant 4-U2-T2-ESP-2A41-1 10:05 Plant 4-U2-T2-ESP-2A41-2 
2A4-3 9:21 Plant 4-U2-T2-ESP-2A43-1 10:07 Plant 4-U2-T2-ESP-2A43-2 
2A4-6 9:24 Plant 4-U2-T2-ESP-2A46-1 10:09 Plant 4-U2-T2-ESP-2A46-2 
2B3-1 9:27 Plant 4-U2-T2-ESP-2B31-1 10:11 Plant 4-U2-T2-ESP-2B31-2 
2B3-2 9:29 Plant 4-U2-T2-ESP-2B32-1 10:13 Plant 4-U2-T2-ESP-2B32-2 

2 09/26/03 

2B3-5 9:32 Plant 4-U2-T2-ESP-2B35-1 10:15 Plant 4-U2-T2-ESP-2B35-2 
2A4-1 12:14 Plant 4-U2-T3-ESP-2A41-1 13:10 Plant 4-U2-T3-ESP-2A41-2 
2A4-3 12:26 Plant 4-U2-T3-ESP-2A43-1 13:12 Plant 4-U2-T3-ESP-2A43-2 
2A4-6 No Sample Collected 13:14 Plant 4-U2-T3-ESP-2A46-2 
2B3-1 12:19 Plant 4-U2-T3-ESP-2B31-1 13:41 Plant 4-U2-T3-ESP-2B31-2 
2B3-2 12:21 Plant 4-U2-T3-ESP-2B32-1 13:45 Plant 4-U2-T3-ESP-2B32-2 

3 09/26/03 

2B3-5 12:23 Plant 4-U2-T3-ESP-2B35-1 13:16 Plant 4-U2-T3-ESP-2B35-2 
2A4-1 15:05 Plant 4-U2-T4-ESP-2A41-1 16:06 Plant 4-U2-T4-ESP-2A41-2 
2A4-3 15:07 Plant 4-U2-T4-ESP-2A43-1 16:08 Plant 4-U2-T4-ESP-2A43-2 
2A4-6 15:09 Plant 4-U2-T4-ESP-2A46-1 16:10 Plant 4-U2-T4-ESP-2A46-2 
2B3-1 15:10 Plant 4-U2-T4-ESP-2B31-1 16:12 Plant 4-U2-T4-ESP-2B31-2 
2B3-2 15:12 Plant 4-U2-T4-ESP-2B32-1 16:13 Plant 4-U2-T4-ESP-2B32-2 

4 09/26/03 

2B3-5 15:13 Plant 4-U2-T4-ESP-2B35-1 16:15 Plant 4-U2-T4-ESP-2B35-2 
 

C. FGD Slurry 
FGD Slurry samples were taken from Modules 2A and 2B by CONSOL personnel.  
Module 2C was not in service.  The layout of the scrubber modules is shown in Figure 
12. 

Each module is equipped with two slurry sampling pumps, one operating and one 
spare.  Both pumps are located at the ground level near the module.  The operating 
pump draws the scrubber slurry from the base of the module and re-circulates the slurry 
back into the module at a higher location.  A rubber hose with a shut-off valve is teed 
into this recirculation line at the second level of the FGD building.   Immediately after the 
valve was opened, the re-circulating slurry was allowed to discharge into the sink, also 
at the second level, for at least 20 seconds before two 500 mL of slurry samples were 
collected.   Two slurry samples were collected in a test.  The first sample was collected 
during the first hour and the second sample was collected during the second hour of the 
test.  Shown in Figure 13 is a picture taken while the re-circulating slurry was 
discharging from the rubber hose into the sink. 
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All slurry samples collected during a test were mixed and stored in a 2-gallon plastic 
bucket.   The sampling time and the LCD readouts from the two pH probes and two 
density meters installed near each scrubber module were also recorded.  Listed in 
Table 14 are the slurry samples collected. 

Table 14.  List of Scrubber Slurry Samples 

Test 
No. 

Test 
Date 

Module 
ID 

Sample 
Time 

pH 
(1) 

pH  
(2) 

Density 
(3) 

Density 
(4) Sample ID 

2A 15:16 5.89 5.88 15.0 15.3 
2B 15:23 5.93 5.92 15.3 15.2 
2A 16:07 5.84 5.83 15.0 15.0 

1 09/25/03 

2B 16:10 5.97 5.98 15.3 15.4 

Plant 4-U2-
FGD-T1 

2A 9:46 5.88 5.87 15.2 15.2 
2B 9:52 5.93 5.99 15.5 15.1 
2A 10:27 5.88 5.87 14.4 14.9 

2 09/26/03 

2B 10:31 5.93 5.97 15.4 14.8 

Plant 4-U2-
FGD-T2 

2A 12:38 5.89 5.84 14.7 15.1 
2B 12:42 5.94 5.99 15.0 14.1 
2A 13:27 5.85 5.80 14.9 14.9 3 09/26/03 

2B 13:31 5.97 5.98 15.5 15.1 

Plant 4-U2-
FGD-T3 

2A 15:22 5.88 5.84 14.9 14.9 
2B 15:25 5.98 5.99 15.3 15.1 
2A 16:37 5.82 5.78 15.0 15.0 

4 09/26/03 

2B 16:40 5.95 5.95 15.3 14.9 

Plant 4-U2-
FGD-T4 

(1) First pH meter 
(2) Second pH meter 
(3) First Density meter 
(4) Second Density meter. 
 

D. FGD Makeup/ME Wash Water Samples 
The FGD makeup water and the ME wash water come from the same source; however, 
only the makeup water could be collected.  The makeup water was collected twice from 
each module at the same time at the same location as the FGD slurry samples (see 
Figure 13).  The first sample was collected during the first hour and the second sample 
was collected during the second hour of the test.  About 250 mL of sample was 
collected each time.  The samples were then kept in an ice-chest inside the trailer.  After 
the samples were brought back to CONSOL R&D, the makeup water collected during a 
test was combined together to make a composite sample for subsequent analysis.  
Listed in Table 15 are the makeup water samples collected during the tests.   
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Table 15.  List of Makeup/ME Wash Water Samples 

Test No. 
Test 
Date 

Module 
ID 

Sample 
Time 

Sample ID on Each 
Bottle Sample ID for analysis

2A 15:15 Plant 4-U2-H2O-T1-2A-1
2B 15:20 Plant 4-U2-H2O-T1-2B-1
2A 16:10 Plant 4-U2-H2O-T1-2A-2

1 09/25/03 

2B 16:15 Plant 4-U2-H2O-T1-2B-2

Plant 4-U2-H2O-T1 

2A 9:45 Plant 4-U2-H2O-T2-2A-1
2B 9:50 Plant 4-U2-H2O-T2-2B-1
2A 10:26 Plant 4-U2-H2O-T2-2A-2

2 09/26/03 

2B 10:30 Plant 4-U2-H2O-T2-2B-2

Plant 4-U2-H2O-T2 

2A 12:37 Plant 4-U2-H2O-T3-2A-1
2B 12:41 Plant 4-U2-H2O-T3-2B-1
2A 13:26 Plant 4-U2-H2O-T3-2A-2

3 09/26/03 

2B 13:31 Plant 4-U2-H2O-T3-2B-2

Plant 4-U2-H2O-T3 

2A 15:21 Plant 4-U2-H2O-T4-2A-1
2B 15:25 Plant 4-U2-H2O-T4-2B-1
2A 16:36 Plant 4-U2-H2O-T4-2A-2

4 09/26/03 

2B 16:41 Plant 4-U2-H2O-T4-2B-2

Plant 4-U2-H2O-T4 

 
V. Results of Analysis of Process Samples 
Solid samples were analyzed using a direct mercury analyzer, following the procedures 
prescribed in ASTM Method D6722.  Detailed results of the analyses of the process 
samples are compiled in Appendix D. 
 

A. Limestone Slurry Samples 
The limestone slurry samples were filtered to generate a solid residue (i.e., filter cake) 
and a filtrate sample.  The dried residue and filtrate samples were then analyzed 
separately.  Listed in Tables 16 and 17 are the results of analyses of the limestone 
slurry residue and filtrate samples.  The mercury contents in the solid residue portion of 
the limestone slurry samples were at a constant level of 0.01 ppm and the 
concentrations of mercury in the liquid portion of the limestone slurry samples were all 
below the detection limit of 1.0 ppb. 
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Table 16.  Results of Analyses of Limestone Slurry Residue Samples 

Sample ID Plant 4-U2-
LS-T1-1&2

Plant 4-U2-
LS-T2-1&2 

Plant 4-U2-
LS-T3-1&2 

Plant 4-U2-
LS-T4-1&2 

Analytical No. 33340 33341 33342 33343 

 Ash (dry, %) 56.79 56.8 56.69 56.72 
 % solids in filter cake 70.05 80.13 80.17 80.26 
 % solids in air-dried sample 0.08 0.05 0.05 0.04 
 Sulfur, total (dry, %) 0.06 0.08 0.06 0.06 
 Chlorine (dry, %) <0.02 <0.02 <0.02 <0.02 
 Mercury (as det'd, ppm) 0.01 0.01 0.01 0.01 

Major Ash Element (dry, %)         
SiO2  1.51 1.78 1.49 1.67 
Al2O3  0.21 0.15 0.14 0.19 
TiO2  0.01 0.01 0.01 0.01 

Fe2O3  0.16 0.15 0.15 0.17 
CaO  54.54 54.22 54.84 54.34 
MgO  1.94 2.11 2.23 2.15 
Na2O  0.01 0.02 0.01 0.01 
K2O  0.04 0.04 0.05 0.06 
P2O5  0.04 0.04 0.01 0.04 
SO3  0.14 0.21 0.15 0.16 

 
 

Table 17.  Results of Analyses of Limestone Slurry Filtrate Samples 

Sample ID Plant 4-U2-
LS-T1-1&2 

Plant 4-U2-
LS-T2-1&2 

Plant 4-U2-
LS-T3-1&2 

Plant 4-U2-LS-
T4-1&2 

Analytical No. 33356 33357 33358 33359 

Ca (µg/mL) 45.5 42.8 52.8 52.3 
Mg (µg/mL) 13.2 16.2 17.4 17.1 
Na (µg/mL) 26.0 62.4 29.8 31.8 
SO4 (µg/mL) 121 139 141 132 
Cl (µg/mL) 28.5 50.0 47.0 48.0 
Hg (ng/mL) <1.0 <1.0 <1.0 <1.0 
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B. ESP Hopper Ash Samples 
Listed in Tables 18, 19, 20, and 21 are the results of analyses of the ESP hopper ash 
samples collected during Tests 1, 2, 3, and 4, respectively.  The mercury contents in the 
ash samples collected in Tests 1, 2, 3, and 4 ranged from 0.02 to 0.20, 0.01 to 0.08, 
0.02 to 0.12, and 0.01 to 0.07 ppm, respectively and the carbon contents in the 
corresponding ash samples ranged from 0.33 to 20.46%, 0.33 to 4.07%, 0.26 to 4.69%, 
and 0.24 to 3.73%, respectively.  For some unknown reasons, the mercury contents in 
the ash samples collected in Test 1 were the highest among the four tests conducted at 
this unit.    

In tests conducted at other plants, CONSOL has observed that the mercury content of 
ESP ash samples tends to be correlated with the carbon content of the ESP ash 
samples.  Figure 14 is a plot of the mercury content in the ash vs. the carbon content in 
the ESP ash samples.  The value of R2 for the linear regression line in Figure 14 is 
0.826.  
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Table 18.  Results of Analyses of the ESP Ash Samples Collected during Test 1 

 

Sample ID
Plant 4-U2-

T1-ESP-
2A41-1

Plant 4-U2-
T1-ESP-
2A43-1

Plant 4-U2-
T1-ESP-
2A46-1

Plant 4-U2-
T1-ESP-
2B31-1

Plant 4-U2-
T1-ESP-
2B32-1

Plant 4-U2-
T1-ESP-
2B35-1

Plant 4-U2-
T1-ESP-
2A41-2

Plant 4-U2-
T1-ESP-
2A43-2

Plant 4-U2-
T1-ESP-
2A46-2

Plant 4-U2-
T1-ESP-
2B31-2

Plant 4-U2-
T1-ESP-
2B32-2

Plant 4-U2-
T1-ESP-
2B35-2

Analytical No. 33373 33374 33375 33376 33377 33378 33379 33380 33381 33382 33383 33384

  Ash (dry, %) 95.29 98.06 86.34 89.57 98.41 99.05 94.22 91.52
  Moisture (as det. %) 1.74 0.68 0.48 1.10 1.70 1.32 0.51 0.52 0.17 0.48 1.11 1.00
  Sulfur, total (dry, %) 1.42 1.11 0.51 1.11 0.80 1.10 0.50 1.11
  Carbon, total (dry, %) 1.54 1.42 0.66 12.21 20.46 7.12 0.72 1.72 0.33 4.68 10.62 5.95
  Chlorine (dry, %) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
  Mercury (as det. ppm) 0.08 0.04 0.03 0.13 0.20 0.13 0.03 0.04 0.02 0.07 0.11 0.11

  Major Ash Element (dry, %)

SiO2 48.59 48.73 42.02 44.27 49.00 48.80 46.52 45.91
Al2O3 18.36 18.58 15.42 17.02 17.99 18.60 17.03 17.73
TiO2 1.02 1.05 0.80 0.95 1.00 1.06 0.89 0.98

Fe2O3 16.30 15.69 16.96 14.95 16.85 15.39 17.33 15.76
CaO 4.63 5.20 4.75 4.42 4.96 5.26 5.40 4.95
MgO 0.87 0.90 0.74 0.85 0.85 0.91 0.82 0.87

Na2O 0.78 0.83 0.50 0.64 0.80 0.85 0.63 0.71
K2O 2.26 2.28 1.80 2.05 2.19 2.27 2.04 2.16
P2O5 0.15 0.18 0.20 0.18 0.10 0.18 0.20 0.19
SO3 3.66 2.82 1.33 2.82 2.03 2.74 1.46 2.78
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Table 19.  Results of Analyses of the ESP Ash Samples Collected during Test 2 

 

Sample ID
Plant 4-U2-

T2-ESP-
2A41-1

Plant 4-U2-
T2-ESP-
2A43-1

Plant 4-U2-
T2-ESP-
2A46-1

Plant 4-U2-
T2-ESP-
2B31-1

Plant 4-U2-
T2-ESP-
2B32-1

Plant 4-U2-
T2-ESP-
2B35-1

Plant 4-U2-
T2-ESP-
2A41-2

Plant 4-U2-
T2-ESP-
2A43-2

Plant 4-U2-
T2-ESP-
2A46-2

Plant 4-U2-
T2-ESP-
2B31-2

Plant 4-U2-
T2-ESP-
2B32-2

Plant 4-U2-
T2-ESP-
2B35-2

Analytical No. 33385 33386 33387 33391 33392 33393 33388 33389 33390 33394 33395 33396

  Ash (dry, %) 99.05 99.00 99.22 98.76 98.27 98.99 98.11 93.39
  Moisture (as det. %) 0.30 0.16 0.38 0.08 0.13 0.30 0.59 0.28 0.47 0.15 0.34 0.74
  Sulfur, total (dry, %) 0.70 1.00 0.50 0.90 0.80 1.00 0.50 1.01
  Carbon, total (dry, %) 0.38 0.50 0.33 0.49 1.00 0.47 0.68 0.85 0.33 1.35 3.70 4.07
  Chlorine (dry, %) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
  Mercury (as det. ppm) 0.02 0.02 0.02 0.02 0.02 0.01 0.03 0.02 0.02 0.02 0.05 0.08

  Major Ash Element (dry, %)

SiO2 50.87 50.12 49.93 49.10 50.91 50.08 49.57 47.23
Al2O3 18.98 19.25 18.42 18.66 19.13 19.21 18.22 18.18
TiO2 1.04 1.06 0.98 1.03 1.05 1.08 0.96 1.01

Fe2O3 16.44 15.80 18.42 16.98 16.39 15.45 18.28 16.00
CaO 4.92 5.28 6.01 5.95 4.62 5.14 5.84 5.06
MgO 0.90 0.93 0.88 0.92 0.91 0.94 0.87 0.90

Na2O 0.80 0.86 0.76 0.80 0.80 0.87 0.76 0.75
K2O 2.34 2.36 2.19 2.27 2.36 2.37 2.13 2.14
P2O5 0.14 0.18 0.12 0.20 0.15 0.19 0.13 0.15
SO3 1.91 2.58 1.40 2.42 2.22 2.73 1.39 2.73
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Table 20.  Results of Analyses of the ESP Ash Samples Collected during Test 3 

 

Sample ID
Plant 4-U2-

T3-ESP-
2A41-1

Plant 4-U2-
T3-ESP-
2A43-1

Plant 4-U2-
T3-ESP-
2B31-1

Plant 4-U2-
T3-ESP-
2B32-1

Plant 4-U2-
T3-ESP-
2B35-1

Plant 4-U2-
T3-ESP-
2A41-2

Plant 4-U2-
T3-ESP-
2A43-2

Plant 4-U2-
T3-ESP-
2A46-2

Plant 4-U2-
T3-ESP-
2B31-2

Plant 4-U2-
T3-ESP-
2B32-2

Plant 4-U2-
T3-ESP-
2B35-2

Analytical No. 33397 33398 33399 33400 33401 33402 33403 33404 33405 33406 33407

  Ash (dry, %) 99.12 97.68 95.81 99.01 98.95 98.00 96.51
  Moisture (as det. %) 0.25 0.10 0.25 0.43 0.44 0.35 0.06 0.20 0.23 0.42
  Sulfur, total (dry, %) 0.60 0.50 0.90 0.60 0.90 1.10 1.20 0.90
  Carbon, total (dry, %) 0.35 0.36 1.73 4.69 2.74 0.43 0.26 0.33 0.54 1.20 2.04
  Chlorine (dry, %) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
  Mercury (as det. ppm) 0.03 0.02 0.06 0.12 0.07 0.04 0.03 0.05 0.03 0.02 0.04

  Major Ash Element (dry, %)

SiO2 51.87 50.15 48.82 51.90 50.96 48.72 49.40
Al2O3 19.25 18.32 18.73 19.39 19.58 18.17 18.75
TiO2 1.03 0.94 1.03 1.04 1.06 0.95 1.01

Fe2O3 17.08 18.97 16.56 17.19 16.45 20.12 17.35
CaO 4.92 5.83 5.14 4.85 5.17 2.74 5.62
MgO 0.91 0.88 0.92 0.91 0.93 0.88 0.92

Na2O 0.78 0.71 0.73 0.79 0.81 0.69 0.75
K2O 2.33 2.14 2.26 2.32 2.27 2.11 2.23
P2O5 0.12 0.16 0.18 0.12 0.14 0.15 0.16
SO3 1.65 1.31 2.44 1.63 2.27 2.79 2.40
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Table 21.  Results of Analyses of the ESP Ash Samples Collected during Test 4 

 
 

Sample ID
Plant 4-U2-

T4-ESP-
2A41-1

Plant 4-U2-
T4-ESP-
2A43-1

Plant 4-U2-
T4-ESP-
2A46-1

Plant 4-U2-
T4-ESP-
2B31-1

Plant 4-U2-
T4-ESP-
2B32-1

Plant 4-U2-
T4-ESP-
2B35-1

Plant 4-U2-
T4-ESP-
2A41-2

Plant 4-U2-
T4-ESP-
2A43-2

Plant 4-U2-
T4-ESP-
2A46-2

Plant 4-U2-
T4-ESP-
2B31-2

Plant 4-U2-
T4-ESP-
2B32-2

Plant 4-U2-
T4-ESP-
2B35-2

Analytical No. 33408 33409 33410 33411 33412 33413 33414 33415 33416 33417 33418 33419

  Ash (dry, %) 98.80 99.02 97.45 92.84 98.51 98.79 97.85 96.97
  Moisture (as det. %) 0.43 0.19 0.15 0.18 0.12 0.56 0.38 0.10 0.12 0.16 0.11 0.25
  Sulfur, total (dry, %) 0.80 1.00 1.10 1.01 0.70 0.90 0.90 0.80
  Carbon, total (dry, %) 0.41 0.29 0.29 0.56 1.03 3.73 0.44 0.24 0.27 0.46 1.03 1.40
  Chlorine (dry, %) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
  Mercury (as det. ppm) 0.02 0.01 0.02 0.01 0.01 0.07 0.02 0.01 0.02 0.01 0.01 0.03

  Major Ash Element (dry, %)

SiO2 50.99 50.83 49.18 48.22 50.53 51.02 48.76 48.82
Al2O3 18.96 19.62 18.34 18.39 18.87 19.79 18.05 18.61
TiO2 1.02 1.07 0.95 1.02 1.03 1.10 0.95 1.02

Fe2O3 17.08 16.23 18.87 15.83 17.37 15.91 19.29 17.09
CaO 4.80 5.12 5.34 5.03 4.84 5.05 5.48 5.46
MgO 0.88 0.95 0.88 0.91 0.88 0.96 0.86 0.92

Na2O 0.76 0.81 0.71 0.73 0.76 0.84 0.70 0.73
K2O 2.23 2.36 2.12 2.14 2.22 2.36 2.09 2.28
P2O5 0.09 0.14 0.13 0.13 0.08 0.17 0.12 0.20
SO3 2.05 2.50 2.84 2.70 1.99 2.43 2.48 2.12
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C. FGD Slurry 
Each slurry sample was filtered to generate a solid residue (or filter cake) and filtrate 
samples.  The dried residue and filtrate samples were then analyzed separately.  Listed 
in Tables 22 and 23 are the results of analyses of scrubber slurry residue and filtrate 
samples, respectively.  The mercury contents in the solid residue portion of the FGD 
slurry samples ranged from 0.34 to 0.37 ppm and the concentrations of mercury in the 
liquid portion of the FGD slurry samples were all below the detection limit of 1.0 ng/mL. 

Table 22.  Results of Analyses of FGD Slurry Solids Samples 

Sample ID Plant 4-U2-
FGD-T1 

Plant 4-U2-
FGD-T2 

Plant 4-U2-
FGD-T3 

Plant 4-U2-
FGD-T4 

Analytical No. 51777 51778 51779 51780 
  Solids in FGD slurry sample (%) 16.6 14.3 16.3 17.0 
  Solids in filtered cake (%) 76.8 76.9 77.1 77.0 
  Moisture in air-dried filter cake (%) 23.2 23.1 22.9 23.0 
  Ash of dried filtered cake (dry, %) 97.9 97.7 98.0 98.0 
  Carbon, total (dry, %) 0.51 0.46 0.41 0.36 
  Sulfur, total (dry, %) 22.8 22.5 22.2 22.4 
  Chlorine (dry, %) 0.063 0.079 0.080 0.084 
  Mercury (as det. ppm) 0.368 0.417 0.366 0.340 

Major Ash Element (%, dry)     
SiO2  1.05 1.08 0.95 0.92 
Al2O3  0.10 0.13 0.11 0.10 
TiO2  <0.01 <0.01 <0.01 <0.01 

Fe2O3  0.09 0.11 0.10 0.09 
CaO  33.2 34.6 33.6 33.2 
MgO  0.39 0.46 0.42 0.39 
Na2O  <0.01 <0.01 <0.01 <0.01 
K2O  0.02 0.03 0.02 0.02 
P2O5  <0.01 <0.01 <0.01 <0.02 
SO3  45.0 45.3 44.7 45.0 
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Table 23.  Results of Analyses of FGD Slurry Filtrate Samples 

Sample ID Plant 4-U2-
FGD-T1 

Plant 4-U2-
FGD-T2 

Plant 4-U2-
FGD-T3 

Plant 4-U2-
FGD-T4 

Analytical No. 51781 51782 51783 51784 
Ca (µg/mL) 485 427 465 447 
Mg (µg/mL) 1053 1045 1046 1074 
Na (µg/mL) 29.6 29.5 28.8 28.4 
SO4 (µg/mL) 2487 2230 2333 2389 
Cl (µg/mL) 2260 2300 2260 2300 
Hg (ng/mL) < 1.0 < 1.0 < 1.0 < 1.0 

 
D. FGD Makeup/ME Wash Water Samples 

Table 24 summarizes the results of analyses of the FGD makeup/ME wash water 
samples.  The concentrations of the mercury in the four water samples were all below 
the detection limit of 1.0 ppb. 

Table 24.  Results of Analyses of FGD Makeup /ME Wash Water Samples 

Sample ID Plant 4-U2-
H2O-T1 

Plant 4-U2-
H2O-T2 

Plant 4-U2-
H2O-T3 

Plant 4-U2-
H2O-T4 

Analytical No. 33352 33353 33354 33355 

Ca (µg/mL) 27.8 30.2 30.5 36.1 
Mg (µg/mL) 4.92 5.00 4.97 5.44 
Na (µg/mL) 3.63 3.31 3.31 3.39 
NH3 (µg/mL) < 5 < 5 < 5 < 5 
NO3 (µg/mL) 1,650 1,250 1,090 1,630 
SO4 (µg/mL) 22.5 21.8 21.8 35.5 
Cl (µg/mL) 20.5 15.0 11.0 20.0 
Hg (ng/mL) < 1.0 < 1.0 < 1.0 < 1.0 
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QUALITY ASSURANCE/QUALITY CONTROL 
The sampling and analysis QA/QC procedures are described below. 

• Personnel specifically trained and experienced in power plant sampling 
methods, including the Ontario-Hydro Hg sampling method, conducted all 
sampling,   

• The sampling equipment was maintained and calibrated as required, 
• Consistent sample preparation and recovery procedures were used, 
• Samples were logged and tracked under the direction of sample team Group 

Leader, 
• Individual calibration curves were developed for each sample matrix, 
• NIST Standard Reference Material (SRM) and lab QC samples were 

analyzed to verify calibration curves, 
• Duplicates of selected samples were analyzed to assure repeatability, 
• Analyses of selected “spiked” samples were analyzed to assure sample 

recovery, and 
• Interim data were reviewed to assure sample completeness. 

All samples were obtained using the procedures prescribed in EPA Method 5 and the 
Ontario-Hydro Method.  Data were recorded on standard forms, which are included in 
Appendix A.  The field data were reduced using standard “in-house” spreadsheets.  
Copies of the summary sheets are included in Appendix A.  To assure consistency, all 
of the Ontario-Hydro train components were prepared and recovered under the 
supervision of a senior technician experienced in the Ontario-Hydro Hg speciation lab 
techniques.  Copies of the recovery sheets are included in Appendix C. 

The Ontario-Hydro sampling train analysis consisted of eight sub-samples.  Each sub-
sample analysis consisted of developing a calibration curve (absorbance versus Hg 
concentration in solution), checks of field and lab blanks, calibration checks with SRM 
and lab standards, selected duplicates, and selected sample spikes.  The laboratory 
summaries for each of these runs are contained in Appendix C. 

A total of 128 individual Ontario-Hydro Hg determinations were completed, including 27 
calibration standards, 12 blank samples, 19 NIST SRM or lab QC checks, 9 sample 
spikes, and 9 duplicate analyses. 

I. Blank Samples 
A total of 12 blank liquid samples were analyzed.  The average blank value was <1.0 
ng/mL.  The average blank value is much less than any individual Hgpart, Hg++, or Hg0 
determination in ng/mL and, more importantly, is much less than the Hg concentration 
detection limit (discussed later in this report).  Consequently, in this report, blank 
concentrations were not subtracted out from any Hg determination. 

II. NIST SRM Checks 
Nineteen NIST SRM checks were conducted throughout the Hg determinations.  Two 
standards were used in the determinations as detailed in Table 25. 
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Table 25.  NIST SRM Analyses 

NIST 
SRM 

Standard 
Value 

(ng/mL) 
Sample Fraction Samples 

Analyzed

Average 
Result 

(ng/mL) 

Percent 
of 

Standard

Standard 
Deviation 

(%) 

Percent 
Relative 
Standard 
Deviation 

Ontario Hydro Filters 3 8.1 101.3 0.2 2.5 
1641D 8.0 

Ontario Hydro Liquids 15 8.4 105.0 0.14 1.7 

1633b 149.0 Ontario Hydro Filters 1 150 100.6 NA NA 

 
 
III. Spike Sample Recoveries 
A total of nine samples were spiked with a 2 or 10 ng/mL Hg standard and then re-
analyzed to determine the percent spike recovery.  The result of this QA/QC procedure 
was an average spike recovery of 95.6% recovery with a standard deviation of ±3.3%. 

IV. Duplicate Analyses 
A total of nine duplicate analyses were conducted periodically throughout the Hg 
determinations.  The result of this QA/QC procedure was an average Hg determination 
that was within 3.1% of the original Hg determination, with a standard deviation of 
±5.1%.   

V. Flue Gas Hg Concentration Detection Limits 
For liquid samples, the flue gas Hg concentration was calculated using the following 
equation: 

[ ] ( )
( )1000

/ 3

xV
VxC

mgHg
gas

impimp=µ  

where: Cimp   = Hg concentration of impinger solution ( ng/mL or ppb ) 
  Vimp   = Liquid volume of impinger solution ( mL ) 
  Vgas = Flue gas sample volume ( dry standard cubic meter or dscm ) 
  1000 = Conversion factor (1000 ng per µg ) 
 The flue gas Hg detection limit is reduced when the flue gas sample volume is 
increased or liquid volume of impinger solution is decreased.  The CVAA is calibrated 
between 0 and 20 ng/mL.  Over this range, the calibration curve between absorbance 
and concentration is linear.  The lowest concentration standard used to develop the 
calibration curve is 0.500 ng/mL.  In addition, the detection limit of the liquid CVAA 
analysis was <1.0 ng/mL.  The prescribed sampling and recovery procedures result in 
final liquid volumes varying between 50 and 748 mL.  The volume of flue gas collected 
varied between 2.169 and 2.523 dscm.  The sampling variables result in sample-
specific flue gas detection limit.  The flue gas Hg detection limit for each sample matrix 
are listed in Table 26. 
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Table 26.  Flue Gas Hg Detection Limits 

Matrix 

Maximum 
Liquid 

Volume 
( mL ) 

Minimum Gas 
Volume 
( dscm ) 

Flue Gas 
Detection Limit

( µg/m3 ) 

 Probe Rinse 164 2.169 0.08 

 KCl Impinger 748 2.169 0.34 

 HNO3/H2O2 Impingers 178 2.169 0.08 

 KMnO4 Impingers 247 2.169 0.11 

 HCl Rinse 50 2.169 0.02 

Depending on the matrix, the flue gas Hg detection limit ranged from 0.02 to 0.34 µg/m3.  
When compared with the total Hg concentrations of up to 39.6 µg/m3, the flue gas 
detection limit is low enough to be insignificant in the flue gas calculations. 

 
VI. Mercury Material Balance Closure 
Conducting a mercury material balance closure around this unit is the best way to 
gauge the overall quality of the sampling program.  To calculate the material balance 
closure for mercury, the mass flow rate of mercury in each stream entering and leaving 
the plant must be calculated.  Streams entering the plant are coal, limestone slurry, 
FGD makeup water, and ME wash water.  Streams leaving the plant are bottom ash, 
ESP hopper ash, FGD slurry, and stack flue gas.  The mass flow rate of mercury in 
each stream is simply the product of the mass flow rate of each stream times the 
concentration of mercury in that stream. 
 

A. Mercury Input from Coal 
Summarized in Table 27 are the inputs of mercury from coal calculated based on the 
four coal samples collected during the tests.  The mercury inputs from coal range from 
12.4 to 13.8 mg/sec. 

Table 27.  Mercury Input from Coal 
Test No. 1 2 3 4 

  Coal feed rate (kpph, as det'd) 1,100 1,090 1,098 1,091 

  Coal moisture content (%, as det'd) 4.71 4.40 4.64 4.53 

  Coal feed rate (kpph, dry) 1,048 1,042 1,047 1,042 

  Coal mercury content (ppm, as det'd) 0.09 0.09 0.10 0.09 

  Mercury input from the coal (mg/sec) 12.5 12.4 13.8 12.4 
 
B. Mercury Input from Limestone Slurry 

The mass flow rate of the limestone slurry entering the FGD in each test was calculated 
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based primarily on the amount of SO2 removed by the FGD, which was the difference 
between the amount of SO2 from coal (reported as S, see analytical results in Table 11) 
and the sum of the amounts of SO2 measured in the bottom ash and the ESP hopper 
ash (reported as SO3 in the major ash, see analytical results in Tables 18-21).   Since 
no bottom ash sample was collected, the contribution of mercury from the bottom ash 
was not included in the calculations.  In tests conducted at other plants, CONSOL found 
that the mass flow rates of mercury leaving the plants via the bottom ash streams were 
very small, in the order of one percent of less of the amounts of the mercury from coal.  
It was also assumed that the limestone utilization rate was 99 percent or the limestone 
consumption rate was one percent more than what was required to neutralize the acidic 
scrubbing liquor and to maintain the scrubbing liquor pH at a constant level.  This 
assumption is a common design value. 
 
Each limestone slurry sample was filtered to generate a separate solids and a filtrate 
sample.  The amounts of mercury in the dried solids and filtrate samples were analyzed 
separately (see analytical results in Tables 16 and 17).  The mass flow rates of mercury 
in the solids and filtrate portion of a limestone slurry sample was calculated.   The sum 
of these two flow rates is the mercury input from the limestone slurry stream entering 
the FGD.   
 
Summarized in Table 28 are the inputs of mercury from the four limestone slurry 
samples collected during the tests.  The mercury inputs from the limestone slurry were 
very consistent from one test to another, at 0.14 mg/sec. 
 

Table 28.  Mercury Input from Limestone Slurry  
Test No. 1 2 3 4 

  Coal feed rate (kpph, as det'd) 1,100 1,090 1,098 1,091 
  Coal moisture content (%, as det'd) 4.71 4.40 4.64 4.53 
  Coal sulfur content (%, dry) 3.33 3.28 3.33 3.27 
  FGD sulfur input from coal (kpph) 34.1 33.6 34.2 33.3 
  Ca/S ratio 1.01 
  Limestone slurry required (kpph) 359 352 358 349 
  Limestone slurry mercury content (ppb) 3.20 3.21 3.21 3.21 

  Mercury input from slurry (mg/sec) 0.14 0.14 0.14 0.14 
 

C. Mercury Input from FGD Makeup/ME Wash Water 
The flow rate of the FGD makeup water was calculated based on the fact that a 
constant level of liquor in the scrubber modules had to be maintained.  In other words, 
the flow rates of process streams entering the FGD must be balanced by the flow rates 
of process streams leaving the FGD.   

The moisture-saturated stack flue gas and FGD slurry blowdown were the two streams 
leaving FGD.  The flow rate of water via the stack flue gas was calculated based on the 
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flue gas moisture concentration (measured by the Ontario-Hydro Method during 
mercury sampling) and the measured flue gas flow rate.  The flow rate of the FGD slurry 
blowdown stream was calculated based on the amounts of SO2 removed and the 
properties of the FGD slurry sample (see Tables 22 and 23) collected in each test. 

Four streams entered FGD, total moisture (free moisture and coal hydrogen) from coal, 
limestone slurry, ME wash water, and FGD makeup water.  The plant stated that the 
FGD makeup water and ME wash water came from the same source.  Therefore, the 
mercury inputs from these two streams were combined together.   

The flow rate of water from coal was calculated based on the coal analysis data and 
coal consumption rate.  The flow rate of limestone slurry was calculated based on the 
amount of sulfur removed by FGD and the limestone slurry properties (see Tables 16 
and 17).  The flow rates of the FGD makeup and ME wash water were calculated and 
their values ranged from 1,702 to 1,888 kpph.  Since the mercury content in the makeup 
water was measured (see Table 24), the mercury input from the combined stream of 
FGD makeup/ME wash water was then calculated.  Summarized in Table 29 are the 
inputs of mercury based on the four FGD makeup/ME wash water samples collected 
during the tests.  The mercury inputs from the combined stream of the FGD makeup/ME 
wash water ranged from 0.11 to 0.12 mg/sec. 

Table 29.  Mercury Input from FGD Makeup/ME Wash Water 
Test No. 1 2 3 4 

  Water output via stack gas, based on O.H data (kpph) 1,614 1,662 1,652 1,670 

  Water output via FGD slurry blowdown (kpph) 915 993 861 798 
Total water output (kpph) 2539 2655 2513 2468 

          
  Water input from coal (moisture & hydrogen) (kpph) 528 515 514 518 
  Water input from limestone slurry (kpph) 257 252 256 249 

FGD makeup/ME water flow rate (kpph) 1744 1888 1743 1702 
          

  Makeup/ME wash water mercury content (ng/mL) 0.50 0.50 0.50 0.50 

Mercury input from makeup water (mg/sec) 0.11 0.12 0.11 0.11 
 

D. Mercury output via FGD Slurry 
Each FGD slurry sample was filtered to generate a solids residue and a filtrate samples, 
which were analyzed separately.  The results of analyses of the solids and filtrate 
samples were previously reported in Tables 22 and 23, respectively.   

Once the amounts of SO2 removed by the FGD were calculated (see previous 
discussion in Section B), the mass flow rates of FGD slurry leaving the scrubber 
modules could then be calculated.  Calcium oxide (CaO) was chosen as the tie-
element, because its flow rates around the FGD must be balanced.  Summarized in 
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Table 30 are the mercury inputs from FGD slurry for the tests conducted.  The mercury 
outputs via the FGD slurry ranged from 5.42 to 6.74 mg/sec. 

Table 30.  Mercury Output via FGD Slurry 
Test No. 1 2 3 4 

  SO2 entering FGD (kpph) 68.3 67.2 68.5 66.7 
  Stack SO2 emission rate (kpph) 3.59 3.58 3.83 3.70 
  SO2 removed by FGD (kpph) 64.7 63.6 64.6 63.0 
  Limestone slurry required (kpph) 359 352 358 349 
  FGD slurry blowdown rate (kpph) 1097 1159 1028 961 
  Hg content in FGD slurry (ppm) 0.047 0.046 0.046 0.045 
Hg output via FGD slurry (mg/sec) 6.53 6.74 5.99 5.42 

 
E. Mercury Output via ESP Ash 

More than one sample was collected from the ESP ash hoppers.  The concentration of 
mercury in each sample was analyzed separated.  The results of analysis of the ESP 
hopper ash samples were presented earlier in Tables 16 through 19.  For material 
balance calculation purpose, the concentration of mercury in the “combined“ ESP ash is 
calculated by the following formula as suggested by a plant engineer. 

0.7*[average concentration of Hg in samples collected in the first field] + 0.3*[average 
concentration of Hg in samples collected in hoppers in the remaining fields] 

Summarized in Table 31 are the outputs of mercury from each of the four ESP ash 
samples collected during the tests.  The mercury outputs via the ESP ash stream for the 
four tests conducted ranged from 0.44 to 0.55 mg/sec. 

Table 31.  Mercury output via the ESP ash 
Test No. 1 2 3 4 

  Coal feed rate (kpph, as det'd) 1,100 1,090 1,098 1,091 
  Coal moisture content (%, as det'd) 4.71 4.40 4.64 4.53 
  Coal ash content (dry, wt %) 9.86 9.86 10.02 9.58 
  Coal ash fraction going to ESP 0.8 
  Coal ash going to ESP (kpph) 82.7 82.2 83.9 79.8 
  ESP ash moisture content (%) 0.93 0.28 0.23 0.21 
  ESP ash carbon content (%, dry) 5.97 1.14 1.24 0.64 
  Total mass captured in ESP Hoppers (kpph) 88.7 83.3 85.2 80.5 
  ESP ash Hg content (ppm,  as det'd) 0.084 0.026 0.044 0.015 

Hg output via ESP ash (mg/sec) 0.94 0.27 0.47 0.15 
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F. Mercury Output via Stack Flue Gas 

The amount of Hg in the stack flue gas was calculated based on the Ontario-Hydro 
data.   The results of the mercury output via the stack flue gas are summarized in Table 
32.  The mercury outputs via the stack flue gas ranged from 5.75 to 6.26 mg/sec. 

Table 32.  Mercury Output via Stack Flue Gas 
Test No. 1 2 3 4 

  Hg concentration in Stack Gas (µg/m3)   4.21 3.99 3.97 4.18 

  Stack gas flow rate (dry Nm3/min) 89,200 87,600 86,800 88,200 

  Hg output via stack gas (Ib/hr) 0.0497 0.0462 0.0456 0.0487 

Hg flow rate at stack (mg/sec) 6.26 5.82 5.75 6.14 
 
VII. Mercury Emission Rate 
 
The heat input based mercury emission rate at the stack was calculated from the coal-
firing rate, coal heating value, and the mass flow rate of mercury at the stack.  The 
results are summarized in Table 33.  The mercury emissions rates ranged from 3.33 to 
3.63 Ib/TBtu and the average emission rate was 3.47 Ib/TBtu. 
 

Table 33.  Heat Input-based Mercury Emission Rate 
Test No. 1 2 3 4 

Coal firing rate (kpph, dry) 1,048 1,042 1,047 1,042 

Heating value (Btu/Ib, dry) 13,077 13,133 13,104 13,117 

Boiler heat rate (mm Btu/hr) 13,702 13,679 13,718 13,661 

Stack Hg emissions (Ib/hr) 0.0497 0.0462 0.0456 0.0487 

Stack Hg emissions (Ib/TBtu) 3.63 3.38 3.33 3.57 

Average Stack Hg emissions (Ib/TBtu) 3.47 
 

 
A. Mercury Material Balance Closure 

After the mercury mass flow rates of all the streams were obtained, the overall material 
balance closure for mercury was calculated.  Summarized in Table 34 are the results of 
the material balance closures for mercury for the four tests conducted.  The closures 
ranged from 87% to 108%, which are within the QA/QC criterion of 70-130% for a single 
test.  The average value is 97%, which is within the QA/QC criterion of 80-120% for 
multiple tests.    
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Table 34.  Summary of Material Balance Closure for Hg 
Test No. 1 2 3 4 

  Hg input from Coal (mg/sec) 12.5 12.4 13.8 12.4 
  Hg input from limestone slurry solids (mg/sec) 0.13 0.13 0.13 0.13 
  Hg input from limestone slurry filtrate (mg/sec) 0.016 0.016 0.016 0.016 
  Hg input from FGD make-up water (mg/sec) 0.11 0.12 0.11 0.11 

Hg input to the system (mg/sec) 12.7 12.6 14.1 12.6 
  
  Hg output from bottom ash (mg/sec) 0 0 0 0 
  Hg output from ESP hopper ash (mg/sec) 0.94 0.27 0.47 0.15 
  Hg output from FGD slurry solids (mg/sec) 6.47 6.68 5.94 5.37 
  Hg output from FGD slurry filtrate (mg/sec) 0.058 0.063 0.054 0.050 
  Hg output from stack gas (mg/sec) 6.26 5.82 5.75 6.14 

Hg output from the system (mg/sec) 13.7 12.8 12.2 11.7 
Hg material balance closure (Output/Input) 108% 102% 87% 93% 

Average Hg Material Balance 97% ± 9% 
 
VIII. Material Balance Closure for SiO2, Al2O3, and CaO 
According to a plant engineer, about 20% of the coal ash ends up as bottom ash.  No 
bottom ash samples were collected.  Based on sampling resluts from Unit 1 at this 
plant, it was assumed that the concentrations of the three major ash oxides, SiO2, 
Al2O3, and CaO were the same as those found in the coal ash analyses.  Summarized 
in Tables 35, 36 and 37 are the results of the material balance closure calculations for 
these three oxides.  The material balance closures for SiO2, Al2O3, and CaO ranged 
from 103% to 106%, 104% to 107%, and 91% to 99% respectively.  The average values 
of the material balance closures for SiO2, Al2O3, and CaO were 106%, 106%, and 94% 
respectively.   

The material balance closures for all of the three oxides are within the QA/QC criterion 
of 70-130% for a single test and the average material balance closures are within the 
QA/QC criterion of 80-120% for multiple tests.   

The above results (that the material balance closures for mercury, SiO2, Al2O3, and CaO 
fall in the acceptable range of 80-120%) indicate that the overall data quality is 
excellent. 
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Table 35.  Summary of Material Balance Closure for SiO2 
Test No. 1 2 3 4 

  SiO2 input from coal (kpph) 49.6 48.4 49.7 46.3

  SiO2 input from limestone slurry (kpph) 1.54 1.78 1.52 1.66

Total SiO2 input (kpph) 51.2 50.1 51.3 48.0
  
  SiO2 output via bottom ash (kpph) 9.93 9.67 9.95 9.27

  SiO2 output via ESP hopper ash (kpph) 41.0 41.7 43.0 40.0

  SiO2 output via FGD sludge (kpph) 4.41 3.56 3.81 4.24

Total SiO2 output (kpph) 52.6 53.0 54.4 50.7

SiO2 material balance closure (Output/Input) 103% 106% 106% 106%

Average SiO2 material balance closure 106 ± 2% 

 
Table 36.  Summary of Material Balance Closure Al2O3 

Test No. 1 2 3 4 
  Al2O3 input from coal (kpph) 18.2 18.0 18.3 17.2
  Al2O3 input from limestone slurry (kpph) 0.21 0.15 0.14 0.19

  Total Al2O3 input(kpph) 18.4 18.1 18.5 17.4
  
  Al2O3 output via bottom ash (kpph) 3.63 3.59 3.66 3.43
  Al2O3 output via ESP hopper ash (kpph) 15.3 15.5 16.0 15.0
  Al2O3 output via FGD slurry (kpph) 0.16 0.19 0.17 0.15

Total Al2O3 output (kpph) 19.1 19.3 19.8 18.5

Al2O3 material balance closure (Output/Input) 104% 107% 107% 107%

Average Al2O3 material balance closure 106 ± 2 % 
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Table 37.  Summary of Material Balance Closure CaO 
Test No. 1 2 3 4 

  CaO input from coal (kpph) 5.39 5.77 6.08 5.59 
  CaO input from limestone slurry solids (kpph) 55.6 54.4 55.9 54.0 
  CaO input from limestone slurry filtrate (kpph) 0.02 0.02 0.02 0.02 
  CaO input from FGD makeup (kpph) 0.15 0.15 0.12 0.14 

Total CaO input (kpph) 61.1 60.3 62.1 59.7 
  
  CaO output via bottom ash (kpph) 1.08 1.15 1.22 1.12 
  CaO output via ESP hopper ash (kpph) 4.34 4.45 3.94 4.11 
  CaO output via FGD slurry solids (kpph) 54.5 51.8 50.8 48.8 
  CaO output via FGD slurry filtrate (kpph) 0.57 0.59 0.56 0.50 

Total CaO output (kpph) 60.5 58.0 56.6 54.5 
CaO material balance closure (Output/Input) 99% 96% 91% 91% 

Average CaO material balance closure 94% ± 4 % 
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Figure 1.  Flue gas mercury speciation at FGD inlet and stack. 
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Figure 2.  Process flow schematic. 
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Figure 3.  FGD inlet sampling location. 
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Figure 4.  Photograph of FGD inlet sampling location. 
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Figure 5.  Stack sampling location  
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Figure 6.  Stack mercury sampling train. 
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Figure 7.  Schematic of Ontario-Hydro sampling train. 
 

Figure 8.  Coal sampling location. 
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Figure 10.  ESP hopper ash sampling port. 
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Figure 11.  Ash sampling thief. 

 
 
 

 
 
 

Figure 12.  Unit 2 scrubber module layout. 
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Figure 13.  FGD slurry sampling location. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14.  ESP ash mercury content vs. carbon content 
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