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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) 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 dyer 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 third in a series of topical reports, describes the results and 
analysis of mercury sampling performed on a 245 MW unit burning a bituminous coal 
containing 1.8% sulfur.  The unit is equipped with a SCR, SDA, and FF to control 
NOx, SO2, and particulate emissions, respectively.  Four sampling tests were 
performed in May 2003.  Flue gas mercury speciation and concentrations were 
determined at the SCR inlet, air heater outlet (SDA inlet), and at the stack (FF 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 SCR/air heater combination converted more than 95% of 
the elemental mercury to the oxidized and particulate forms.  Mercury removal, on a 
coal-to-stack basis, was 95%.  The mercury material balance closures for the four 
tests ranged from 93% to 104%, with an average of 99%. 
 
These results show that the SCR had a positive effect on mercury oxidation.  In 
earlier programs, CONSOL sampled mercury at six plants with wet FGDs for SO2 
control without SCR catalysts.  At those plants, an average of 61±15% of the mercury 
was in the oxidized and particulate forms at the air heater outlet, and the average 
coal-to-stack mercury removal was 66±8%.   
 
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 SCR/FGD 
combinations (Table 1).  CONSOL R&D’s Exploratory and Environmental Research 
Group conducted a series of flue gas mercury (Hg), measurements at Plant 2 during 
the week of May 19, 2003, under U. S. Department of Energy (DOE) Cooperative 
Agreement No. DE-FC26-02NT41589.  The test program consisted of four sets of 
measurements across the combustion emission control system that consists of a 
selective catalytic reduction (SCR) unit, spray dryer absorber (SDA), and baghouse. 

The mercury measurements were made using the Ontario-Hydro Flue Gas Hg 
Speciation Method at the SCR inlet, Air Heater Outlet (upstream from the spray 
dryer), 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
3 550 SCR / Spray Dryer / Baghouse Sub year round
          
4 468 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 yes 

6 544 SCR / ESP/ Limestone FGD, ex-situ oxidation Bit yes 
7 566 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, natural oxidation Bit yes 

 

HOST UTILITY DESCRIPTION 

Plant 2 is a 245 MW pulverized bituminous coal-fired cogeneration facility with an 
SCR unit, spray dryer absorber (SDA) designed for 93% SO2 reduction, and fabric 
filter (FF) baghouse to control particulate matter. These pollution control devices are 
operated year-round.  The plant typically burns bituminous coal containing 1.5% to 
2% sulfur. 
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MERCURY SAMPLING RESULTS 

I.  Test Matrix 

The mercury measurements consisted of a total of four tests over three days.  The 
test matrix is shown in Table 2. 

Table 2.  Sampling Test Matrix 

Hg Sampling Process Sampling 

Date Activity SCR 
Inlet 

Air 
Heater 
Outlet 

Stack 
Outlet

Coal 
Samples

Bottom 
Ash 

Lime 
Slurry 

Baghouse 
Ash 

05/19/03 Arrive, 
Setup --- --- --- --- --- --- --- 

05/20/03 Setup, 
Test 1 X X X X X X X 

Test 2 X X X X X X X 
05/21/03 

Test 3 X X X X X X X 

Test 4 X X X X X X X 
05/22/03 Pack, 

Demobilize --- --- --- --- --- --- --- 

 

A total of twelve flue gas mercury measurements were conducted using ASTM 
Method D-6784-02 (Ontario Hydro Method.  Mercury measurements were a 
maximum of 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 simultaneously during the gas sampling periods.  Laboratory 
analyses were performed by CONSOL R&D and are included in this report.  

II.  Flue Gas Mercury Sampling Results 

Figure 1 shows the mercury speciation for the four tests at each location.  All tests 
were made isokinetically.  A complete listing of mercury analyses is in Appendix C.  
The results at each location are discussed below. 

A.  SCR Inlet 

Four mercury measurements were conducted at the SCR inlet.  Table 3 summarizes 
the mercury measurements at the SCR inlet.  The results show that more than 99% 
of the mercury was in the gas phase.  The high percentage of gas phase mercury is 
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expected due to the gas temperature (758 °F) at this location.  More than 80% of the 
total mercury was in the elemental form.  The average concentrations of the oxidized 
and elemental mercury were 2.46 and 11.6 µg/m3, respectively.  The average 
concentration of total mercury measured at this location was 14.1 µg/m3. 

Table 3.  Flue Gas Hg Speciation at the SCR Inlet 

Hg Concentration, µg/m3 Hg Flow, mg/sec 

(dry std conditions)   Date Test 
No. 

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

05/20/03 1   <0.04   3.68 11.1 14.8 <0.006 0.550 1.66 2.22 

05/21/03 2 0.08 0.85 13.0 14.0   0.011 0.117 1.81 1.94 

05/21/03 3 0.13 1.91 10.6 12.6   0.018 0.258 1.43 1.70 

05/22/03 4 0.05 3.41 11.6 15.1   0.007 0.477 1.63 2.11 

Average

Standard
Deviation

PRSD

0.08 

0.04 

53 

2.46 

1.33 

54 

11.6 

1.06 

9 

14.1 

1.12 

8 

0.011 

0.005 

50 

0.350 

0.199 

57 

1.63 

0.16 

10 

1.99 

0.23 
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B.  Air Heater Outlet 

Four mercury measurements were conducted at the Air Heater outlet location.  
Table 4 summarizes the mercury measurements.   There was very little elemental 
mercury detected at this location.  The average concentrations of the particulate-
bound, oxidized and elemental mercury measured at this location were 1.06, 9.28 
and 0.34 µg/m3, respectively.  The average concentration of total mercury was 10.7 
µg/m3. 
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Table 4.  Flue Gas Hg Speciation at the Air Heater Outlet 

Hg Concentration, µg/m3 Hg Flow, mg/sec 

(dry std conditions)   Date Test 
No. 

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

05/20/03 1 0.65 10.5 0.57 11.8 0.098 1.60 0.087 1.79 

05/21/03 2 0.19 9.23 0.24 9.7 0.030 1.38 0.035 1.44 

05/21/03 3 1.23 8.67 0.29 10.1 0.176 1.24 0.042 1.46 

05/22/03 4 2.16 8.67 0.24 11.1 0.307 1.24 0.035 1.58 

Average

Standard 
Deviation

PRSD

1.06 

0.85 

80 

9.28 

0.88 

9 

0.34 

0.16 

48 

10.7 

0.93 

9 

0.152 

0.120 

78 

1.36 

0.17 

13 

0.050 

0.025 

51 

1.57 

0.16 
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C.  Stack 

Four mercury measurements were conducted at the Stack.  Table 5 summarizes the 
mercury measurements.  About two thirds of the mercury in the stack flue gas was in 
the oxidized form.    The average concentrations of the particulate-bound, oxidized, 
and elemental mercury were 0.002, 0.40 and 0.21 µg/m3. The average concentration 
of the total mercury was 0.61 µg/m3.  
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Table 5.  Flue Gas Hg Speciation at the Stack 

Hg Concentration, µg/m3 Hg Flow mg/sec 

(dry std conditions)   Date Test 

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

05/20/03 1 <0.002 0.39 0.21 0.60 <0.0003 0.060 0.033 0.092 

05/21/03 2 <0.002 0.39 0.21 0.60 <0.0003 0.062 0.033 0.095 

05/21/03 3 <0.002 0.41 0.21 0.62 <0.0003 0.063 0.033 0.096 

05/22/03 4   0.003 0.39 0.22 0.62   0.0004 0.058 0.032 0.090 

Average 

Standard 
Deviation 

PRSD 

  0.002 

0.0005 

20 

0.40 

0.008 

2 

0.21 

0.004 

2 

0.61 

0.01 

2 

  0.0003

0.00006

17 

0.061 

0.0024 

4 

0.033 

  0.0004 

1 

0.093 

0.0028
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III.  SCR/FGD System Hg Removal 
Table 6 summarizes the flue gas mercury removal across the SCR/FGD system.  
The coal-to-stack average mercury removal was 94.7 percent.  Comparing the 
mercury at the stack to the mercury at the air heater outlet, the average removal was 
94.0%. 
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Table 6.  Flue Gas Mercury Removal 

System Mercury Reduction 

Ontario Hydro Results, 
mg Hgtotal /sec 

Coal Feed Based Reduction, 
mg Hgtotal /sec Date Test No. 

Air 
Heater 
Outlet 

Stack 
Emissions

% 
Reduction

Coal 
Feed 

Stack 
Emissions 

% 
Reduction

05/20/03 1 1.79 0.092 94.8 1.81 0.092 94.9 

05/21/03 2 1.44 0.095 93.4 1.76 0.095 94.6 

05/21/03 3 1.46 0.096 93.4 1.69 0.096 94.3 

05/22/03 4 1.58 0.090 94.3 1.73 0.090 94.8 

Average 

Standard Deviation 

PRSD 

1.57 

0.16 

10 

0.093 

  0.0028 

3 

94.0 

0.70 

<1 

1.67 

0.05 

3 

0.093 

  0.0028 

3 

94.7 

0.26 

<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 is the total mercury output from the plant 
divided by the total mercury input (expressed as %).  The total mercury input is the 
sum of the amounts of mercury in the coal and lime slurry entering the plant.  The 
total mercury output is the sum of the amounts of mercury leaving the plant through 
bottom ash, baghouse hopper ash, and stack flue gas.  Table 7 shows the mercury 
material balance closure for the four tests conducted at the plant.  The calculated 
mercury material balance closures ranged from 93% to 104%.  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 99%, 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 7.  Material Balance for Mercury. 

Test No. 1 2 3 4 

  Hg input from Coal (mg/sec) 1.81 1.76 1.69 1.73 

  Hg input from lime slurry (mg/sec) 0.0007 0.0007 0.0007 0.0008 

  Hg input to the system (mg/sec) 1.81 1.76 1.69 1.73 

 

  Hg output from bottom ash (mg/sec) 0.0046 0.0007 0.0008 0.0007 

  Hg output from baghouse hopper ash 
(mg/sec) 1.59 1.74 1.63 1.60 

  Hg output from stack gas (mg/sec) 0.092 0.095 0.096 0.090 

  Hg output from the system (mg/sec) 1.69 1.84 1.73 1.69 

 

Hg material balance closure  93% 104% 102% 98% 

Average Hg Material Balance 99±5% 

 

V.  Comparison with Previous Results Obtained at Plants with No SCR 

CONSOL R&D conducted sampling at several plants with an ESP and wet FGD 
combination.1  These results are listed in Table 8.  Because Plant 2 had a spray 
dryer/baghouse, the total mercury removals are not directly comparable.  However, 
the mercury speciation at the air heater outlet can be compared to examine the effect 
of the SCR on mercury oxidation.  At most of the plants without an SCR (Table 8) the 
average Hg2++Hgpart:Hg0 ratio was about 80:20 at the air heater outlet.  At Plant 2 a 
higher oxidation ratio (about 97:3, Table 4) was observed. 

                                            
1 DeVito, M.S., J.A. Withum and R.M. Statnick, “Flue Gas Hg Measurements from 
Coal-Fired Boilers Equipped with Wet Scrubbers,” International Journal of 
Environment and Pollution, Vol. 17, Nos. 1/2, p. 126-142 (2002). 
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Table 8.  CONSOL Energy’s Previous Test Data – Plants Without SCR. 

Coal Content, dry basis % Elemental Mercury at 
Range of 

Observed Total 
Hg Removals 

(%) Plants 
Without SCR 

% 

Sulfur 

% 

Chlorine 

ppm 

Hg 
Economizer 

Outlet AH Outlet 

Scrubber 
Type 

 

A 3.5 0.11 0.12 NM 19 Mg-Lime 64 to 70 

B 3.8 0.16 0.09 NM 22 LSFO 53 to 60 

C 3.5 0.11 0.09 NM 13 LSFO 62 to 80 

D 4.2 0.23 0.09 NM 24 Chiyoda 
Limestone 

69 to 82 

E 4.1 0.14 0.08 NM 20 LSFO 63 to 70 

Ea 4.3 0.17 0.06 89 27 LSFO NM 

F 3.5 0.13 0.19 NM 29 Mg-Lime 60 to 67 

NM = Not Measured       aMeasured after the installation of Low-NOx burners

 
VI.  Comparison with Previous Results at Plants with SCR  
In the current project, CONSOL R&D is determining mercury speciation and removal 
at 10 coal-fired facilities with SCR/FGD combinations.  The results from two plants 
(Plants 1 and 8, Table 1) have been reported previously.2,3   
A.  Mercury Speciation at the SCR Inlet and Air Heater Outlet 
At all three plants with SCR, the mercury exiting the air heater was >95% in the 
particulate and oxidized forms, even though the speciation at the SCR Inlet was 
different at Plant 1 compared to the other two plants.  Table 9 lists the mercury 
speciation data from the two plants reported previously and the data from Plant 2, 
along with the coal parameters and boiler parameters. 
 
It should be noted at this point that the Ontario Hydro method has not been validated 
at high flue gas temperatures, such as the >600 °F flue gas typically observed at the 
SCR inlet.  However, at such high temperatures, mercury should not be present in 

                                            
2 Evaluation of Mercury Emissions from Coal-Fired Facilities with SCR and FGD 
Systems, Topical Report No. 1, issued May 2004. 
3 Evaluation of Mercury Emissions from Coal-Fired Facilities with SCR and FGD 
Systems, Topical Report No. 2, issued October 2004. 
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the particulate form; furthermore, modeling studies4 predict that 40% to 90% of the 
mercury should be in the elemental form in flue gas exiting the boiler economizer, 
which agrees with our measurements.  Thus, the SCR inlet data are presented 
assuming that the speciation is properly represented by the Ontario Hydro Method. 
 
The Ontarion Hydro Method has not been validated at the high-dust-loading (>1 
gr/dscf) conditions that exist at the air heater outlet.  CONSOL has seen evidence 
that some of the oxidized and elemental mercury can condense on the particulate 
matter collected on the filter thimble of in-stack filters, especially at temeratures 
below 250 °F; however, the total mercury measurement appears to be valid.5  At 
temperatures above 300 °F, condensation on the particulate matter on the filter is 
less likely to occur.  At Plant No. 1, the average air heater outlet gas temperature was 
255 °F, so the measured fraction of particulate mercury might be higher than the 
actual flue gas fraction.  At Plant Nos. 2 and 8, the air heater outlet gas temperature 
was above 300 °F, so the mercury speciation is more likely to be a true 
representation of the actual flue gas values. 
 
Table 9 shows that there are substantial differences in the coal parameters that have 
been suspected to affect speciation.  For example, the coal sulfur content ranges 
from 1.0 to 4.7% and the coal ash iron content ranges from 9% to 32%; the chlorine 
content of the coal burned at Plant 8 was half as much as the chlorine content of the 
coal burned at the other two plants.  Despite these differences, very little of the 
mercury was in the elemental form at the exit of the SCR/air heater combination. 
 
Table 9 also shows that there are differences in boiler operating parameters that 
have been suspected to affect speciation.  For example, the boiler load ranged from 
65% to 100%, the air heater outlet gas temperature ranged from 255 to 355 °F, and 
the flue gas oxygen content ranged from 3% to 5% at the SCR inlet and from 5% to 
7% at the air heater outlet.  Even the SCR catalyst type was not the same for each 
plant.  Despite these differences, very little of the mercury was in the elemental form 
at the exit of the SCR/air heater combination. 

                                            
4 Senior, C. L., ”Behavior of Mercury in Air Pollution Control Devices on Coal-Fired 
Utility Boilers,” Engineering Foundation Conference, Power Production in the 21st 
Century: Impacts of Fuel Quality and Operations, Snowbird, UT, Oct. 28 – Nov. 2, 
2001. 
5 Winschel, R. A., Fenger, M. L., Payette, K. H., Brickett, L. A., “Control of Mercury 
Emissions by Absorption on Flyash – Experimental Results of the 
CONSOL/Allegheny Pilot Plant Program,” presented at the Power Plant Air Pollution 
Control Mega Symposium, Aug. 30-Sept.2, 2004. 
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Table 9.  Mercury Speciation – Plants With SCR. 

Plant No. 1 2 8 

Particulate Mercury  (%) <1 <1 <1 

Oxidized Mercury  (%) 45 17 8 
Mercury 

Speciation at 
SCR Inlet 

Elemental Mercury  (%) 54 82 92 

Particulate Mercury  (%) 23 10 7 

Oxidized Mercury  (%) 72 87 88 

Mercury 
Speciation at 

Air Heater 
Outlet Elemental Mercury  (%) 5 3 5 

Chlorine, dry wt % 0.10 0.10 0.05 
Sulfur, dry wt % 1.0 1.9 4.7 

Coal Ash SiO2, % 54 48 39 
Coal Ash Al2O3, % 26 24 19 

Coal 
Parameters 

Coal Ash Fe3O4, % 9 18 32 
Boiler Load 65% 100% 95% 

SCR Inlet Temperature, °F 630 760 680 
AH Outlet Temperature, °F 255 350 335 

% O2 at SCR Inlet 5.0 4.0 3.1 
% O2 at AH Outlet 7.0 5.1 5.3 

Boiler 
Parameters 

SCR Type Plate Honey-
comb Plate 

 

B. Total  Mercury Removal 
Although the mercury exiting the air heater was >95% in the particulate and oxidized 
forms, this did not translate into 95% mercury removal at each plant.  Table 10 lists 
the mercury removal data from the two plants reported previously and the data from 
Plant 2, along with other parameters that might affect mercury removal.  Only Plant 2 
showed 95% mercury removal; Plants 1 and 8 showed below 90% removal.  Plants 1 
and 2 had spray dryers and baghouses, which tend to have high mercury removals 
because of good solid-gas contact in the baghouse.  Plant 8 had an ESP followed by 
an ex-situ oxidation lime wet scrubber, which tend to have lower mercury removals 
than a spray dryer/baghouse.  Also, 15% of the flue gas bypassed the scrubber at 
Plant 8; it was estimated that the removal would have been 84% if all of the flue gas 
went through the scrubber.  The results indicate that not all of the oxidized mercury is 
captured by the FGD system in Plants 1 and 8. 
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Table 10.  Mercury Speciation – Plants With SCR. 

Plant No. 1 2 8 

Particulate Mercury  (%) 23 10 7 

Oxidized Mercury  (%) 72 87 88 

Mercury 
Speciation at 

Air Heater 
Outlet 

Elemental Mercury  (%) 5 3 5 

Coal-to-Stack Mercury Removal (%) 87 95 72 (a) 

Air Pollution Control Devices After Air Heater 
Spray 
Dryer / 

Baghouse

Spray 
Dryer / 

Baghouse 

ESP / Lime 
FGD, ex-

situ 
oxidation 

Air Heater Outlet temperature, °F 255 350 335 

Stack Temperature, °F 190 180 150 

Carbon Content in ESP/Baghouse Ash, wt % 5.1 6.3 5.4 

Particulate Loading to Baghouse/ESP, gr/dscf 6.0 5.5 2.4 

(a) 15% of flue gas by-passed FGD; Hg removal in the scrubbed portion of the flue 
gas was 84% 

 

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 the coal, bottom ash, spray dryer lime slurry, and baghouse ash, were taken to 
determine a mercury balance across the system. 

I.  Flue Gas Sampling Locations and Sampling Points 

Three sampling locations, the SCR inlet, Air Heater Outlet (upstream of the spray 
dryer), and Stack outlet, were tested.  Figure 2 is a flow schematic indicating the 
sampling locations at Plant 2. 

A.  SCR Inlet 
Figure 3 is a schematic of the SCR inlet sampling location.  The SCR inlet duct is 
approximately 8'-6" deep and 32’-9” wide.  Preliminary pitot surveys conducted on 
May 20, 2003, indicated that the gas flow was laminar.  The duct was sampled 
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through four test ports evenly spaced across the duct width. Six traverse points were 
measured in each port, for a total of 24 sample points, as determined by EPA Method 
1.  Each point was sampled for five minutes.  Mercury measurements were 
conducted with the sampling nozzle oriented parallel to and directly into the flow.   

Four mercury measurements were performed at the SCR inlet.  The sample train was 
prepared in EPA Method 17 configuration using an in-stack 19 mm x 90 mm quartz-
fiber thimble filter.  The filter apparatus was attached to a heated probe that was 
connected to the impinger train with a flexible heated Teflon sample line.  Figure 4 is 
a photograph of the mercury sampling train on the SCR inlet.  Mercury 
measurements were conducted isokinetically. 

Ideally, each sampling run would have been of 120-minute duration.  However, due 
to high particulate loading at this site, excessive vacuum, caused by filter particulate 
loading, forced the early termination of each test run.  Filters were changed midway 
through the test in an attempt to prolong the sampling; however, it was necessary to 
stop the tests prematurely.  Runs 1 through 4 were 100, 115, 105, and 85 minutes, 
respectively.   

B.  Air Heater Outlet (Spray Dryer Inlet) 
Figure 5 is a schematic of the air heater outlet sampling location.  The air heater 
outlet duct is approximately 9' deep and 18'-6" wide.  Preliminary pitot surveys 
conducted on May 20, 2003, indicated that the gas flow was laminar.  The duct was 
sampled through six test ports; three traverse points were sampled in each, for a total 
of 18 sample points, as determined by EPA Method 1.  Each point was sampled for 
seven minutes, for a total test time of 126 minutes.  Only Test 3 had to be shortened 
due to an increase in sample train vacuum with 18 minutes remaining in the test.  
Mercury measurements were conducted with the sampling nozzle oriented parallel to 
and directly into the flow. 

Four mercury measurements were performed at the air heater outlet.  The sample 
train was prepared in EPA Method 17 configuration using an in-stack 19 mm x 90 
mm quartz-fiber thimble filter.  The filter apparatus was attached to a heated probe 
that was connected to the impinger train with a flexible heated Teflon sample line.  
mercury measurements were conducted with the sampling nozzle oriented parallel to 
and directly into the gas flow.  Figure 6 is a photograph of the mercury sampling train 
on the air heater outlet.  Mercury measurements were conducted isokinetically.   

C.  Stack (Baghouse Outlet) 
Figure 7 is a schematic of the stack sampling location.  The stack is approximately 10 
feet in diameter.  Preliminary pitot surveys conducted on May 19, 2003, indicated that 
the gas flow was laminar.  Sampling was conducted through two sample access 
ports, each with six traverse points, as determined by EPA Method 1, for a total of 
twelve sample points.  Each point was sampled for ten minutes, for a total test time of 
120 minutes. 
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Four 120-minute sample runs were performed at the stack sampling location.  A 
standard EPA Method 5 sample train configuration with a heated quartz filter was 
utilized for this location.  Mercury measurements were conducted with the nozzle 
oriented parallel to and directly into the flow.  Figure 8 is a photograph of the mercury 
sampling train on the stack.  Mercury measurements were conducted isokinetically. 

II.  Flue Gas Mercury Measurements 

Flue gas mercury measurements were obtained using the Ontario-Hydro Hg 
speciation train.  The sampling train schematic is shown in Figure 9. 

Flue gas was extracted from the flue gas stream and pulled through a heated glass-
lined probe and quartz filter.  Total particulate matter mass loading was calculated 
from the solids collected prior to and on the filter.  Probe and filter temperatures were 
maintained at 325 ± 25 °F at the SCR inlet and the air heater outlet, and 250 ± 25 oF 
at the stack.  Where particle loading is high, the probe and filter are maintained as 
close as practical to the flue gas temperature.   

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 mercury 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 the permanganate impingers.  Mercury 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 mercury species 
collected by the Ontario-Hydro sampling train component are listed in Table 11. 
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Table 11.  Mercury 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 mercury concentration of the individual impinger solutions was 
determined by cold vapor atomic absorption (CVAA) as specified in the methodology.  
The concentration of mercury on the solids was determined by acid digestion 
followed by CVAA. 

The amount of mercury collected in the impinger solutions was determined as out-
lined in EPA Method 29 and the Ontario-Hydro Draft Method.  An aliquot of the 
impinger solution is acidified and the mercury is determined using cold vapor-atomic 
absorption spectroscopy. The atomic absorption 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 
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. 
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Where sufficient solids are collected, particulate mercury is analyzed using a 0.5-1.0 
gm ash sample.  In cases where the particulate catch is low (primarily stack filters) 
the filter sample is digested.  The samples are digested with aqua-regia in pressure 
vessels prior to analysis by CVAA. 

III.  Coal Sampling and Analysis 

A.  Coal Samples 
Two coal samples were collected during each test by the control room operators.  
The first sample was collected during the first hour of the test and the second sample 
during the second hour of the test.  The samples were taken through a sampling port 
located at the bottom of the coal bins, just above where the coal enters the 
pulverizers,  Figure 10 is a picture showing the sampling device and the sampling 
port at the bottom of the coal bin. 

CONSOL R&D and plant personnel collected coal samples with each test run.  Each 
coal sample was sealed and stored in a 5-gallon plastic bucket after it was collected.  
The buckets were transported in company vehicles to the CONSOL R&D laboratory 
at the end of the test week for analysis. 

Table 12 is a list of the coal samples collected during the four tests at this plan. 

 

Table 12.  List of Coal Samples. 

Test No. Test Date Sample Time Sample ID 

13:45 Plant-02 Coal-T1-1 
1 5/20/2003 

15:25 Plant-02 Coal-T1-2 
10:05 Plant-02 Coal-T2-1 

2 5/21/2003 
10:30 Plant-02 Coal-T2-2 
14:30 Plant-02 Coal-T3-1 3 5/21/2003 
15:35 Plant-02 Coal-T3-2 
9:00 Plant-02 Coal-T4-1 

4 5/22/2003 
11:00 Plant-02 Coal-T4-2 

 

B.  Summary of the Results of Coal Analyses 

Coal Samples were analyzed using a direct mercury analyzer following the 
procedures of ASTM Method D6722.  Detailed results of the coal analyses for each 
test are presented in Appendix D and summarized in Table 13.
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Table 13.  Coal Analyses 
(Units are dry wt% basis, unless otherwise noted) 

Sample Description Plant 02 
Coal-T1-1

Plant 02 
Coal-T1-2

Plant 02 
Coal-T2-1

Plant 02 
Coal-T2-2 

Plant 02 
Coal-T3-1

Plant 02 
Coal-T3-2

Plant 02 
Coal-T4-1

Plant 02 
Coal-T4-2

Test Date 05/20/03 05/20/03 05/21/03 05/21/03 05/21/03 05/21/03 05/22/03 05/22/03

Test No,         1 1 2 2 3 3 4 4
Analytical No.         31640 31641 31642 31643 31644 31645 31626 31627

   Moisture (as det'd, %) 2.10        2.07 2.10 2.17 2.20 2.22 1.99 1.97
   Ash (dry, %) 7.03 7.05       7.05 7.38 7.40 7.44 7.06 7.21
   Volatile Matter 37.1 38.3       38.1 37.5 37.9 38.1 38.0 37.9
   Fixed Carbon 55.1 54.6 54.9      55.1 54.7 54.5 55.0 54.9
   HHV (Btu/Ib) 14,210 14,020 14,050      14,000 14,020 13,940 13,970 13,980
   MAF (Btu/Ib) 15,090 15,090 15,120      15,110 15,140 15,070 15,030 15,070
   Sulfur, total 1.86 1.87       1.87 1.84 1.87 1.85 1.92 1.99
      Pyritic S 0.81 0.85       0.85 0.86 0.88 0.93 0.86 0.87
      Sulfate S 0.03 0.01       0.01 0.01 0.01 0.02 0.01 0.01
      Organic  S 1.02 1.01       1.01 0.97 0.98 0.90 1.05 1.11
   Carbon 78.0 77.8 77.9      77.7 78.0 77.8 77.9 77.7
   Hydrogen 4.90 4.82 4.88      4.78 4.86 4.83 4.84 4.89
   Nitrogen 1.51 1.52 1.53      1.51 1.53 1.51 1.52 1.57
   Chlorine 0.104 0.087 0.096      0.096 0.097 0.107 0.099 0.114
   Oxygen – by difference 6.65        6.82 6.65 6.70 6.22 6.47 6.62 6.49
   Mercury (as det'd, ppm) 0.11        0.12 0.11 0.10 0.11 0.10 0.10 0.11
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Table 13.  Coal Analyses (continued) 
(Units are dry wt% basis) 

Sample Description 
Plant 02 
Coal-T1-

1 

Plant 02 
Coal-T1-

2 

Plant 02 
Coal-T2-

1 

Plant 02 
Coal-T2-

2 

Plant 02 
Coal-T3-

1 

Plant 02 
Coal-T3-

2 

Plant 02 
Coal-T4-

1 

Plant 02 
Coal-T4-

2 
Test Date 05/20/03 05/20/03 05/21/03 05/21/03 05/21/03 05/21/03 05/22/03 05/22/03

Test No,         1 1 2 2 3 3 4 4

Analytical No.         31640 31641 31642 31643 31644 31645 31626 31627

Major Ash Elements 
(ignited at 750 °C)                 

SiO2  48.0        47.9 48.7 48.6 47.7 47.9 48.1 47.4

Al2O3  23.7        23.7 24.1 24.1 23.7 23.5 23.9 23.6

TiO2  1.02        1.03 1.03 1.03 1.01 1.02 1.02 1.00

Fe2O3  17.4        18.5 17.9 17.1 18.3 18.2 18.5 19.8

CaO  2.30        2.04 1.90 1.96 2.13 2.31 2.11 1.98

MgO  0.80        0.77 0.78 0.80 0.77 0.81 0.77 0.75

Na2O  0.66        0.59 0.60 0.61 0.63 0.67 0.57 0.59

K2O  1.89        1.79 1.91 1.94 1.94 2.04 1.79 1.83

P2O5  0.34        0.34 0.32 0.35 0.34 0.33 0.33 0.34

SO3  1.90        1.67 1.60 1.64 1.84 2.00 1.68 1.71

UND 2.00        1.66 1.20 1.96 1.61 1.14 1.33 1.06
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IV.  Process Sample Collection 
CONSOL R&D and plant personnel collected samples of the bottom ash, baghouse 
ash, and pebble lime during each test run.  
 
A.  Bottom Ash 
Samples of the bottom ash were collected with each test run.  Normally, the sluiced 
bottom ash is continuously pulled out of the trough at the bottom of the boiler by a drag 
chain.  The ash is then conveyed to the “Bottom Ash Pit” as shown in Figure 11. 
 
Any ash accumulated in the pit was removed prior to the start of a test.  To collect a 
sample during a test, the boiler control room operator deactivated the drag chain at the 
start of the test and the bottom ash was allowed to accumulate inside the trough.   After 
the test was completed, all the bottom ash in the trough was then pulled out and 
conveyed to the pit.  The bottom ash was collected at the bottom ash pit by a plant 
engineer or CONSOL personnel.  Each sample was kept and sealed in a clean plastic 
container.  Table 14 is a list of the bottom ash samples collected at the plant. 
 

Table 14.  List of Bottom Ash Samples 

Test No. Test Date Sample Time Sample ID 

1 05/20/03 16:35 Plant-02 BmAsh-T1 

2 05/21/03 13:00 Plant-02 BmAsh-T2 

3 05/21/03 17:20 Plant-02 BmAsh-T3 
4 05/22/03 12:45 Plant-02 BmAsh-T4 

 

B.  Baghouse Hopper Ash 
There are 10 baghouse hoppers on each unit at the plant.  The arrangement and 
identification of these hoppers are shown in Figure 12.  CONSOL R&D and a plant  
operator collected samples of the baghouse hopper ash with each test run.  These 
samples were taken from the rod-out ports located at the conical section near the 
bottom of the hoppers, shown in Figure 13.  Ash from Hoppers 2-1, 2-3, 2-5, 2-7, and 2-
9 were sampled twice in each test using a three-foot long ash-sampling device called a 
“sampling thief,” shown in Figure 14. 

The samples were collected using the following procedure.  The rod-out port cap was 
removed and the sampling thief was inserted into the hopper.  This device is made of 
two concentric metal tubes with openings in both tubes.   Once the thief was inside the 
hopper, the inner tube was rotated to allow the ash to fall into the inner tube through 
these openings.  The inner tube was then rotated to close all the openings and the 
device was pulled out of the hopper.  The collected ash was then discharged into a one 
gallon sized zip-lock bag through an opening at the end of the device.  The sampling 
time was written on the bag, which was then sealed.  The cap was then screwed back 
on to the port.  This procedure was followed at each hopper.  After all five hoppers were 
sampled and the bags were double-sealed and placed in a plastic bucket to prevent 
moisture from entering and reacting with the ash in the bags.  The baghouse hopper 
ash samples taken during the tests are listed in Table 15.   
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Table 15.  List of Baghouse Hopper Ash Samples 
Test No. Test Date Hopper No. Sample Time Sample ID 

13:44 Plant-02 BHA T1-2-9-1 
#2-9 

15:10 Plant-02 BHA T1-2-9-2 
13:46 Plant-02 BHA T1-2-7-1 

#2-7 
15:12 Plant-02 BHA T1-2-7-2 
13:49 Plant-02 BHA T1-2-5-1 

#2-5 
15:14 Plant-02 BHA T1-2-5-2 
13:54 Plant-02 BHA T1-2-3-1 

#2-3 
15:16 Plant-02 BHA T1-2-3-2 
14:05 Plant-02 BHA T1-2-1-1 

1 5/20/2003 

#2-1 
15:17 Plant-02 BHA T1-2-1-2 
9:38 Plant-02 BHA T2-2-9-1 

#2-9 
10:44 Plant-02 BHA T2-2-9-2 
9:39 Plant-02 BHA T2-2-7-1 

#2-7 
10:45 Plant-02 BHA T2-2-7-2 
9:41 Plant-02 BHA T2-2-5-1 

#2-5 
10:46 Plant-02 BHA T2-2-5-2 
9:43 Plant-02 BHA T2-2-3-1 

#2-3 
10:48 Plant-02 BHA T2-2-3-2 
9:45 Plant-02 BHA T2-2-1-1 

2 5/21/2003 

#2-1 
10:55 Plant-02 BHA T2-2-1-2 
14:39 Plant-02 BHA T3-2-9-1 

#2-9 
15:52 Plant-02 BHA T3-2-9-2 
14:40 Plant-02 BHA T3-2-7-1 

#2-7 
15:53 Plant-02 BHA T3-2-7-2 
14:41 Plant-02 BHA T3-2-5-1 

#2-5 
15:54 Plant-02 BHA T3-2-5-2 
14:42 Plant-02 BHA T3-2-3-1 

#2-3 
15:56 Plant-02 BHA T3-2-3-2 
14:44 Plant-02 BHA T3-2-1-1 

3 5/21/2003 

#2-1 
15:58 Plant-02 BHA T3-2-1-2 
9:24 Plant-02 BHA T4-2-9-1 

#2-9 
11:02 Plant-02 BHA T4-2-9-2 
9:26 Plant-02 BHA T4-2-7-1 

#2-7 
11:04 Plant-02 BHA T4-2-7-2 
9:29 Plant-02 BHA T4-2-5-1 

#2-5 
11:05 Plant-02 BHA T4-2-5-2 
9:32 Plant-02 BHA T4-2-3-1 

#2-3 
11:07 Plant-02 BHA T4-2-3-2 
9:34 Plant-02 BHA T4-2-1-1 

4 5/22/2003 

#2-1 
11:08 Plant-02 BHA T4-2-1-2 
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C.  Pebble Lime Samples 
A plant operator collected lime samples from the lime storage silo inside the slaker 
building during each test.  Two samples were collected during each test.  Each lime 
sample was sealed and kept in a 2-gallon plastic bucket.  Table 16 is a list of the lime 
samples collected during the tests. 
 

Table 16.  List of Pebble Lime Samples. 
Test No. Test Date Sample Time Sample ID 

14:15 Plant-02 Pebble Lime T1-1 
1 5/20/2003 

15:30 Plant-02 Pebble Lime T1-2 
9:50 Plant-02 Pebble Lime T2-1 

2 5/21/2003 
10:55 Plant-02 Pebble Lime T2-2 
14:50 Plant-02 Pebble Lime T3-1 

3 5/21/2003 
16:10 Plant-02 Pebble Lime T3-2 
9:50 Plant-02 Pebble Lime T4-1 

4 5/22/2003 
11:15 Plant-02 Pebble Lime T4-2 

 
V.   Process Sample Analyses 
Solid samples were analyzed using a direct mercury analyzer, following the procedures 
of ASTM D6722.  Detailed results of the process material analyses are presented in 
Appendix D. 
 
A.  Bottom Ash Analyses 

Table 17 is a list of the analyses of the four bottom ash samples collected at Plant 2 
during each test.  The amount of mercury detected in the first sample was 0.02 ppm, 
while the other three samples were found to have 0.003 ppm. 

20 



Table 17.  Results of analyses of bottom ash samples. 
(Units are dry wt% basis, unless otherwise noted) 

Sample ID Plant-02 
BmAsh-T1 

Plant-02 
BmAsh-T2 

Plant-02 
BmAsh-T3 

Plant-02 
BmAsh-T4 

Test Date 05/20/03 05/21/03 05/21/03 05/22/03 

Test No. 1 2 3 4 

Analytical No. 31628 31629 31630 31631 

  Moisture (as det'd, %) 0.42 0.25 0.69 0.44 

  Ash 90.7 94.4 85.7 89.7 

  Sulfur, total 0.09 0.08 0.10 0.10 

  Mercury (as det'd, ppm) 0.02 0.003 0.003 0.003 

Major Ash Elements   

SiO2  44.0 46.4 42.1 44.2 

Al2O3  20.4 21.4 19.3 20.3 

TiO2  0.91 0.97 0.87 0.90 

Fe2O3  21.3 21.2 18.9 20.2 

CaO  2.37 2.54 2.17 2.36 

MgO  0.73 0.78 0.69 0.73 

Na2O  0.51 0.55 0.50 0.55 

K2O  1.56 1.73 1.57 1.69 

P2O5  0.25 0.25 0.22 0.24 

SO3  0.23 0.19 0.26 0.26 

UND 7.76 3.99 13.37 8.59 

 

B.  Baghouse Hopper Ash Analyses 
Results of analyses of the baghouse hopper ash samples collected in Test 1, 2, 3, and 
4, are listed in Tables 18, 19, 20 and 21, respectively. 

The carbon contents in the baghouse hopper ash samples ranged from 4.06 to 8.04% 
and the mercury concentrations ranged from 0.58 to 0.76 ppm.  The undetermined 
fraction is typically carbonate and water of hydration.  The mercury content was not 
correlated with the carbon content in the baghouse hopper ash samples, as shown in 
Figure 15. 
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Table 18.  Analyses of Baghouse Hopper Ash Samples Collected During Test 1.  
(Units are dry wt% basis, unless otherwise noted) 

Sample ID 
Plant-02 
BHA T1-

2-9-1 

Plant-02 
BHA T1-

2-9-2 

Plant-02 
BHA T1-

2-7-1 

Plant-02 
BHA T1-

2-7-2 

Plant-02 
BHA T1-

2-5-1 

Plant-02 
BHA T1-

2-5-2 

Plant-02 
BHA T1-

2-3-1 

Plant-02 
BHA T1-

2-3-2 

Plant-02 
BHA T1-

2-1-1 

Plant-02 
BHA T1-

2-1-2 

Analytical No.           31649 31654 31650 31655 31651 31656 31652 31657 31653 31658
Moisture (as det. %)           0.85 0.91 0.75 0.77 1.23 1.13 0.72 1.14 0.86 1.08

Ash 91.9          90.9 91.8 91.7 90.7 90.8 89.0 92.1 90.1 92.1
Sulfur, total           9.91 9.47 9.70 9.63 9.71 9.49 9.06 10.27 8.92 10.21
SO3 as S           10.30 9.84 10.10 9.84 9.80 9.96 9.28 10.50 8.32 10.50

Carbon, total           5.30 5.96 5.21 5.41 6.42 6.13 7.47 4.86 6.79 5.06
Inorg. Carbon (as det. %)           0.89 0.93 0.86 0.86 0.88 0.95 0.93 0.79 0.91 0.82

Chlorine 0.69          0.69 0.70 0.73 0.66 0.63 0.54 0.74 0.68 0.77
Mercury (as det. ppm)           0.76 0.70 0.70 0.68 0.72 0.68 0.60 0.70 0.67 0.72
Major Ash Elements   

SiO2            20.6 20.1 20.3 20.2 20.8 20.3 19.5 19.6 20.2 19.8
Al2O3            9.73 9.49 9.60 9.51 9.85 9.56 9.02 9.35 9.48 9.41
TiO2            0.44 0.43 0.43 0.43 0.45 0.43 0.40 0.42 0.42 0.43

Fe2O3            6.71 6.83 6.88 6.80 7.10 7.10 7.59 6.17 7.28 6.32
CaO            27.0 27.2 27.6 27.4 26.4 26.8 27.7 28.0 26.8 27.7
MgO            0.68 0.67 0.68 0.67 0.64 0.66 0.67 0.67 0.66 0.67
Na2O            0.29 0.28 0.29 0.29 0.28 0.28 0.26 0.3 0.28 0.29
K2O            0.82 0.80 0.82 0.82 0.83 0.81 0.77 0.82 0.81 0.82
P2O5            0.14 0.14 0.14 0.13 0.13 0.13 0.12 0.13 0.13 0.14
SO3            23.9 23.0 23.9 23.4 22.9 22.5 21.4 23.9 22.6 23.7
UND           9.7 11.2 9.4 10.4 10.7 11.4 12.6 10.6 11.4 10.7
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Table 19.  Analyses of Baghouse Hopper Ash Samples Collected During Test 2.  
(Units are dry wt% basis, unless otherwise noted) 

Sample ID 
Plant-02 
BHA T2-

2-9-1 

Plant-02 
BHA T2-

2-9-2 

Plant-02 
BHA T2-

2-7-1 

Plant-02 
BHA T2-

2-7-2 

Plant-02 
BHA T2-

2-5-1 

Plant-02 
BHA T2-

2-5-2 

Plant-02 
BHA T2-

2-3-1 

Plant-02 
BHA T2-

2-3-2 

Plant-02 
BHA T2-

2-1-1 

Plant-02 
BHA T2-

2-1-2 

Analytical No.           31659 31664 31660 31665 31661 31666 31662 31667 31663 31668
Moisture (as det. %)           0.45 0.55 1.15 1.68 3.91 0.94 0.89 0.73 1.65 2.60

Ash 88.7          90.0 91.7 90.7 89.3 88.7 87.6 87.9 92.4 91.8
Sulfur, total           9.93 9.07 9.74 9.97 9.23 9.36 9.58 9.84 10.27 10.68
SO3 as S           10.10 8.99 10.00 9.95 5.87 9.49 9.78 9.44 10.40 10.40

Carbon, total           6.96 6.15 5.41 5.87 6.61 6.52 8.04 7.36 5.19 5.30
Inorg. Carbon (as det. %)           0.89 1.02 0.78 1.19 1.10 0.97 1.04 0.91 1.07 1.13

Chlorine 0.63          0.64 0.68 0.67 0.61 0.58 0.70 0.65 0.76 0.77
Mercury (as det. ppm)           0.71 0.71 0.71 0.68 0.69 0.68 0.72 0.68 0.70 0.73
Major Ash Elements  

SiO2            17.1 18.0 20.3 19.9 18.6 17.2 17.0 16.9 21.0 20.1
Al2O3            8.24 8.60 9.70 9.51 8.88 8.17 8.11 8.05 10.12 9.75
TiO2            0.36 0.38 0.44 0.43 0.40 0.35 0.35 0.35 0.46 0.44

Fe2O3            5.10 5.70 6.72 6.53 5.74 5.28 4.95 5.17 6.53 6.34
CaO            30.5 30.3 27.2 27.1 29.7 31.5 30.6 31.1 26.0 26.7
MgO            0.66 0.66 0.67 0.65 0.66 0.67 0.66 0.66 0.66 0.65
Na2O            0.26 0.25 0.29 0.28 0.27 0.24 0.23 0.23 0.32 0.30
K2O            0.69 0.73 0.81 0.80 0.75 0.70 0.69 0.67 0.85 0.83
P2O5            0.11 0.12 0.14 0.13 0.11 0.10 0.10 0.11 0.14 0.13
SO3            22.4 22.6 23.8 23.3 23.6 22.4 22.8 22.4 25.1 24.1
UND           14.5 12.6 9.9 11.4 11.2 13.4 14.6 14.3 8.9 10.8
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Table 20.  Analyses of Baghouse Hopper Ash Samples Collected During Test 3.  
(Units are dry wt% basis, unless otherwise noted) 

Sample ID 
Plant-02 
BHA T3-

2-9-1 

Plant-02 
BHA T3-

2-9-2 

Plant-02 
BHA T3-

2-7-1 

Plant-02 
BHA T3-

2-7-2 

Plant-02 
BHA T3-

2-5-1 

Plant-02 
BHA T3-

2-5-2 

Plant-02 
BHA T3-

2-3-1 

Plant-02 
BHA T3-

2-3-2 

Plant-02 
BHA T3-

2-1-1 

Plant-02 
BHA T3-

2-1-2 

Analytical No.           31669 31674 31670 31675 31671 31676 31672 31677 31673 31678
Moisture (as det. %)           0.48 0.37 1.54 0.88 0.83 0.36 0.82 0.34 1.93 1.00

Ash           89.2 89.6 90.7 91.1 89.1 88.9 89.0 88.7 90.8 88.4
Sulfur, total           9.94 10.34 9.82 9.72 9.85 9.59 9.63 9.39 9.76 9.12
SO3 as S           8.98 8.38 9.84 9.73 9.61 9.85 9.68 4.78 9.57 9.34

Carbon, total           6.73 6.55 6.07 6.23 6.59 6.67 6.79 6.82 5.86 7.00
Inorg. Carbon (as det. %)           0.89 0.92 0.90 0.89 0.96 0.99 0.90 0.95 1.01 1.04

Chlorine 0.63          0.64 0.75 0.70 0.66 0.61 0.62 0.57 0.78 0.59
Mercury (as det. ppm)           0.73 0.67 0.69 0.67 0.70 0.65 0.68 0.66 0.65 0.63
Major Ash Elements  

SiO2            18.5 17.5 20.4 20.7 17.7 17.3 17.9 17.6 20.4 17.6
Al2O3            8.88 8.46 9.68 9.81 8.32 8.14 8.40 8.22 9.86 8.25
TiO2            0.38 0.36 0.43 0.43 0.36 0.35 0.36 0.36 0.43 0.37

Fe2O3            5.25 5.34 6.52 6.88 5.62 5.43 5.73 5.64 6.53 5.62
CaO            29.6 28.9 27.0 27.0 31.1 32.3 31.5 31.9 29.5 31.9
MgO            0.66 0.65 0.68 0.69 0.69 0.69 0.69 0.69 0.71 0.70
Na2O            0.27 0.26 0.29 0.29 0.24 0.24 0.24 0.24 0.32 0.24
K2O            0.76 0.73 0.84 0.86 0.72 0.71 0.75 0.71 0.83 0.73
P2O5            0.12 0.11 0.11 0.12 0.09 0.09 0.09 0.10 0.13 0.10
SO3            22.7 22.5 23.4 23.4 22.7 22.9 23.2 22.6 25.1 22.5
UND           12.9 15.1 10.7 9.8 12.5 11.9 11.2 12.0 6.2 11.9
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Table 21.  Analyses of Baghouse Hopper Ash Samples Collected During Test 4.  
(Units are dry wt% basis, unless otherwise noted) 

Sample ID 
Plant-02 
BHA T4-

2-9-1 

Plant-02 
BHA T4-

2-9-2 

Plant-02 
BHA T4-

2-7-1 

Plant-02 
BHA T4-

2-7-2 

Plant-02 
BHA T4-

2-5-1 

Plant-02 
BHA T4-

2-5-2 

Plant-02 
BHA T4-

2-3-1 

Plant-02 
BHA T4-

2-3-2 

Plant-02 
BHA T4-

2-1-1 

Plant-02 
BHA T4-

2-1-2 

Analytical No.           31679 31684 31680 31685 31681 31686 31682 31687 31683 31688
Moisture (as det. %)           0.76 0.64 0.78 0.97 0.74 1.01 1.09 0.96 0.82 1.16

Ash           90.9 89.3 89.1 89.6 91.2 90.3 90.94. 90.5 90.0 89.2
Sulfur, total           9.60 9.11 9.65 9.05 10.18 9.75 9.57 9.69 9.37 9.52
SO3 as S           7.70 7.51 9.62 4.74 10.10 9.38 9.15 7.56 9.42 9.59

Carbon, total           6.14 6.28 7.17 6.86 5.63 6.25 5.91 6.12 6.45 6.81
Inorg. Carbon (as det. %)           0.86 1.19 1.08 1.05 1.03 0.97 1.08 0.99 1.05 1.07

Chlorine 0.67          0.67 0.66 0.65 0.63 0.63 0.73 0.66 0.65 0.61
Mercury (as det. ppm)           0.66 0.58 0.63 0.62 0.65 0.63 0.66 0.62 0.63 0.60
Major Ash Elements  

SiO2            21.5 19.4 19.9 19.9 20.1 19.3 20.6 20.8 20.2 19.7
Al2O3            10.29 9.23 9.53 9.53 9.71 9.23 9.91 10.08 9.65 9.42
TiO2            0.45 0.40 0.41 0.42 0.43 0.41 0.44 0.43 0.42 0.41

Fe2O3            6.96 6.57 6.38 6.38 6.24 5.86 6.49 6.54 6.48 6.25
CaO            26.1 28.7 27.7 27.6 27.8 28.8 27.3 28.3 27.5 28.1
MgO            0.70 0.69 0.69 0.68 0.69 0.69 0.70 0.71 0.69 0.68
Na2O            0.33 0.29 0.31 0.30 0.31 0.30 0.32 0.34 0.31 0.29
K2O            0.90 0.82 0.84 0.84 0.86 0.81 0.88 0.92 0.83 0.82
P2O5            0.12 0.11 0.11 0.11 0.12 0.11 0.12 0.13 0.13 0.11
SO3            22.7 22.2 22.6 23.0 24.2 23.9 24.1 23.8 21.3 22.7
UND           10.0 11.6 11.6 11.3 9.5 10.7 9.2 8.0 12.5 11.5
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C.  Pebble Lime Analyses 
Results of the analyses of the pebble lime are listed in Table 22.  The amount of 
mercury detected in seven of the eight lime samples was 0.001 ppm.  Pebble Lime-
T3-1 was found to have slightly higher amount of mercury, 0.003 ppm.  These values 
were two orders of magnitude less than amounts of mercury measured in the coal or 
baghouse ash samples.  The undetermined content is typically carbonate and water 
of hydration. 
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Table 22.  Analyses of Pebble Lime Samples.  
(Units are dry wt% basis, unless otherwise noted) 

Sample ID Plant-02 Plant-02 Plant-02 Plant-02 Plant-02 Plant-02 Plant-02 Plant-02 
Test Date         05/20/03 05/20/03 05/21/03 05/21/03 05/21/03 05/21/03 05/22/03 05/22/03
Test No.          1 1 2 2 3 3 4 4

Analytical No.         31632 31633 31634 31635 31636 31637 31638 31639
Moisture (as det'd, %)         <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Sulfur, total         0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04
Mercury (as det'd, ppm)         0.001 0.001 0.001 0.001 0.003 0.001 0.001 0.001

Major  Ash Elements   
SiO2          1.45 1.33 1.28 1.26 1.45 1.34 1.24 1.22
Al2O3          0.45 0.44 0.43 0.40 0.48 0.45 0.42 0.41
TiO2          0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Fe2O3          0.20 0.16 0.17 0.14 0.18 0.16 0.14 0.15
CaO          92.9 93.5 91.0 92.4 88.7 88.4 89.7 89.7
MgO          1.20 1.19 1.15 1.20 1.18 1.17 1.17 1.14
Na2O          0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.02
K2O          0.10 0.10 0.10 0.09 0.10 0.11 0.09 0.09
P2O5          0.01 0.01 0.03 0.02 0.02 0.01 0.01 0.02
SO3          0.11 0.10 0.09 0.10 0.11 0.09 0.08 0.11
UND         3.52 3.08 5.75 4.39 7.73 8.2 7.16 7.14
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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 mercury 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 described in EPA Method 5 and the 
Ontario-Hydro mercury Speciation draft 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 mercury 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 
mercury 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 151 individual Ontario-Hydro mercury determinations were completed.  This 
included 24 calibration standards, 13 blank samples, 24 NIST SRM or lab QC 
checks, 16 sample spikes, and 16 duplicate analyses. 

Blank Samples 

A total of 13 blank liquid samples were analyzed.  The average blank value was <1.0 
ng/ml (ppb in solution).  The average blank value is much less than any individual 
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Hgpart, Hg++, or Hg0 determination in ng/ml and, more importantly, is much less than 
the mercury concentration detection limit (discussed later in this report).  
Consequently, in this report, blank concentrations were not subtracted out from any 
mercury determination. 

NIST SRM Checks 

Twenty-four NIST SRM checks were conducted throughout the mercury 
determinations.  Two standards were used in the determinations as detailed in Table 
23. 

Table 23.  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 
Liquids 21 8.05 100.7 0.28 3.5 

1641D 8.0 
Ontario Hydro 

Filters 3 8.07 100.8 0.05 0.6 

1633b 149.0 Ontario Hydro 
Filters 1 149 105.7 NA NA 

 
Spike Sample Recoveries 

A total of 16 samples were spiked with a 2, 5, or 10 ppb mercury standard and then 
re-analyzed to determine the percent spike recovery.  The result of this QA/QC 
procedure was an average spike recovery of 94.3% recovery with a ±4.1% standard 
deviation. 

Duplicate Analyses 

A total of 16 duplicate analyses were conducted periodically throughout the mercury 
determinations.  The result of this QA/QC procedure was an average mercury 
determination that was within 2.8% of the original mercury determination, with a 
±4.6% standard deviation.   

Flue Gas Mercury Concentration Detection Limits 

For liquid samples, the flue gas mercury concentration was calculated using the 
following equation: 

[ ] ( )
( )1000

/ 3

xV
VxC

mgHg
gas

impimp=µ  

where: Cimp   = Mercury concentration of impinger solution  [ ng/mL (ppb) ] 
  Vimp   = Liquid volume of impinger solution  [ mL ] 
  Vgas = Flue gas sample volume  [ dry standard m3 ] 
  1000 = Conversion factor  [1000 ng per µg ]   

29 



The flue gas mercury 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 756 ml.  The volume of flue gas collected 
varied between 0.915 and 2.535 dscm.  The sampling variables result in sample-
specific flue gas detection limit.  The flue gas mercury detection limit for each sample 
matrix is listed in Table 24. 

Table 24.  Flue Gas Hg Detection Limits 

Matrix Maximum Liquid 
Volume [ ml ] 

Minimum Gas 
Volume [ dscm ] 

Flue Gas 
Detection Limit  

[ µg/m3 ] 

Probe Rinse 137 0.915 0.15 

KCl Impinger 756 0.915 0.83 

HNO3/H2O2 Impingers 181 0.915 0.20 

KMnO4 Impingers 256 0.915 0.28 

HCl Rinse 100 0.915 0.11 
 
Depending on the matrix, the flue gas mercury detection limit ranged from 0.11-0.83 
µg/m3.   

Mercury Material Balance Calculation Method 

One 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 time of 
the tests.  Mercury entered the plant through coal and lime slurry.   Mercury left the 
plant via bottom ash, baghouse hopper ash, and stack flue gas.  No SDA hopper ash 
sample was collected in the test.  For material balance calculation purpose, it is 
further assumed that the mercury output via the SDA hopper ash is combined with 
that via the baghouse hopper ash.  The calculation of each process stream’s 
contribution to the mercury balance is described in the following sections. 

Mercury input from the coal.  The coal feed rate data were recorded and provided by 
the plant.  Two coal samples were collected in each test and the average values of 
the results of analyses of these two samples were used for material balance 
calculations.  Summarized in Table 25 are the average values of the results of 
analyses for the coal samples collected in the four tests.  The mercury input from coal 
can then be calculated, and the results are summarized in Table 26. 
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Table 25.  Average Values of the Results of Analyses for Coal Samples 

Sample Description Coal Test 1 Coal Test 2 Coal Test 3 Coal Test 4
Test Date 05/20/2003 05/21/2003 05/21/2003 05/22/2003
Test No, 1 2 3 4

   Moisture (as det'd, %) 2.09 2.14 2.21 1.98
   Ash (dry, %) 7.04 7.22 7.42 7.14
   V.M. (dry, %) 37.7 37.8 38.0 37.9
   Fixed C (dry, %) 54.9 55.0 54.6 55.0
   HHV (Btu/Ib) 14,110 14,030 13,980 13,980
   MAF (Btu/Ib) 15,090 15,120 15,100 15,050
   Sulfur, total (dry, %) 1.87 1.86 1.86 1.96
      Pyritic S (dry, %) 0.83 0.86 0.91 0.87
      Sulfate S (dry, %) 0.02 0.01 0.02 0.01
      Organic S (dry, %) 1.02 0.99 0.94 1.08
   Carbon (dry, %) 77.9 77.8 77.9 77.8
   Hydrogen (dry, %) 4.86 4.83 4.85 4.87
   Nitrogen (dry, %) 1.52 1.52 1.52 1.55
   Oxygen (dry, %, by difference) 6.74 6.68 6.35 6.56
   Chlorine (dry, %) 0.10 0.10 0.10 0.11
   Mercury (as det'd, ppm) 0.12 0.11 0.11 0.11

  Major Ash Element (dry, %)   
SiO2  47.9 48.6 47.8 47.7

Al2O3  23.7 24.1 23.6 23.7

TiO2  1.03 1.03 1.02 1.01

Fe2O3  18.0 17.5 18.3 19.1
CaO  2.17 1.93 2.22 2.05
MgO  0.79 0.79 0.79 0.76
Na2O  0.63 0.61 0.65 0.58

K2O  1.84 1.93 1.99 1.81

P2O5  0.34 0.34 0.34 0.34

SO3  1.79 1.62 1.92 1.70

UND 1.83 1.58 1.38 1.20
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Table 26.  Mercury Input from Coal 

Test No. 1 2 3 4 

Coal feed rate (kpph) 120 127 122 125 

Coal moisture content (as det'd, %) 2.09 2.14 2.21 1.98 

Coal mercury content (ppm) 0.12 0.11 0.11 0.11 

Mercury input from the coal (mg/sec) 1.81 1.76 1.69 1.73 

 

Mercury output via bottom ash.  The rates of bottom ash leaving the plant were 
calculated based on the assumption that 20 percent of the coal ash ended up as 
bottom ash.   The results of analyses of the four bottom ash samples collected at the 
end of each test were previously summarized (Table 17).  The mercury output via the 
bottom ash from each test can then be calculated as the results are summarized in 
Table 27. 

Table 27.  Mercury Output via Bottom Ash 

Test No. 1 2 3 4 

  Coal feed rate (kpph) 120 127 122 125 

  Coal moisture content (%) 2.09 2.14 2.21 1.98 

  Coal ash content (%, dry) 7.04 7.22 7.42 7.14 

  Bottom Ash/Coal Ash (wt/wt) 0.20 

  Bottom ash mass flow rate (kpph) 1.65 1.79 1.77 1.75 

  Bottom ash Hg content (ppm, as det'd) 0.020 0.003 0.003 0.003 

  Hg output via bottom ash (mg/sec) 0.0046 0.0007 0.0008 0.0007 

 

Mercury input from pebble lime.  Two pebble lime samples were collected in each 
test. One was taken during the first hour of the test and the second one was taken 
during the second hour of the test.  For material balance calculation, the average 
values of the analyses of the two samples collected in one test were used.  
Summarized in Table 28 are the average values of analyses for the pebble lime 
samples collected in the four tests.    
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The plant had no device to record the actual feed rate of lime slurry injected into the 
SDA.   The lime slurry feed rates were estimated based on a Ca/S ratio of 1.4, which 
was the historical average number provided by the plant.   The lime requirement is 
the amount of Ca theoretically required to remove one mole of sulfur entering the 
SDA times the Ca/S ratio.  

The amount of sulfur reacted with the injected lime slurry in the SDA is simply the 
difference between that the amount of sulfur in the coal entering the boiler and the 
amount of sulfur in the bottom ash leaving the boiler.   The amount of lime required is 
the amount of the sulfur entering the SDA times the Ca/S ratio. 

The lime slurry sampled collected at the plant was filtered and air-dried in the water 
laboratory at CONSOL R&D.  The air-dried sample was analyzed for mercury and 
other ingredients.  Once the lime slurry flow rate was known, the mercury input from 
pebble lime was calculated and the results are summarized in Table 29. 

Table 28.  Average Analyses of the Pebble Lime Samples. 

Sample ID Pebble Lime 
Test 1 

Pebble Lime 
Test 2 

Pebble Lime 
Test 3 

Pebble Lime 
Test 4 

Test Date 05/20/03 05/21/03 05/21/03 05/22/03 
Test No. 1 2 3 4 

   Moisture (as det'd, wt %) <0.01 <0.01 <0.01 <0.01 
   Sulfur, total (dry, wt %) 0.04 0.04 0.04 0.04 
   Mercury (as det'd, ppm) 0.001 0.001 0.002 0.001 

Major  Ash  Element   (dry, wt %)     
SiO2  1.39 1.27 1.40 1.23 
Al2O3  0.45 0.42 0.47 0.42 
TiO2  0.02 0.02 0.02 0.02 

Fe2O3  0.18 0.16 0.17 0.15 

CaO  93.2 91.7 88.6 89.7 
MgO  1.20 1.18 1.18 1.16 
Na2O  0.03 0.02 0.02 0.02 

K2O  0.10 0.10 0.11 0.09 

P2O5  0.01 0.03 0.02 0.02 

SO3  0.11 0.10 0.10 0.10 

UND 3.30 5.07 7.97 7.15 
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Table 29.  Mercury Input from Pebble Lime. 

Test No. 1 2 3 4 

  Coal feed rate (kpph) 120 127 122 125 

  Coal moisture content (as det'd, %) 2.09 2.14 2.21 1.98 

  Coal sulfur content, (dry, wt%) 1.87 1.86 1.86 1.96 

  Sulfur input from coal (kpph) 2.19 2.31 2.22 2.40 

  Ca/S ratio 1.4 

  Lime (as CaO) required (kpph) 5.36 5.65 5.44 5.88 

  Lime mercury content, (ppm) 0.001 0.001 0.001 0.001 

  Mercury input from lime (mg/sec) 6.76E-04 7.12E-04 6.85E-04 7.41E-04 

 

Mercury output via baghouse hopper ash.  To calculate the mercury output via the 
baghouse hopper ash, the first step is to calculate the mass flow rate of the 
baghouse hopper ash.  This is the sum of the fly ash (coal ash – bottom ash), lime 
injected as Ca(OH)2 plus impurities, and sulfur removed as SO2.  The amount of 
sulfur removed can be calculated by the SO2 removal efficiency of the 
SDA/baghouse combination, which is measured by the plant’s CEM.  In spray dryer 
systems, calcium hydroxide slurry absorbs SO2, forming CaSO3 and CaSO4 at about 
80:20 molar ratio.  Thus, the reactions for SO2 capture are: 

Ca(OH)2  +  SO2  →  CaSO3 •½ H2O  +  ½ H2O          80% 
Ca(OH)2  +  SO2  +  ½ O2  +  ½ H2O  →  CaSO4 •2 H2O     20% 

 
Table 30 shows the results of the calculation of the mercury output via the baghouse 
ash.   
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Table 30.  Mercury Output via Baghouse Hopper Ash. 

Test No. 1 2 3 4 

  Coal feed rate (kpph) 120 127 122 125 

  Coal moisture content (as det'd, %) 2.09 2.14 2.21 1.98 

  Coal ash content (dry, wt %) 7.04 7.22 7.42 7.14 

  Coal ash fraction going to baghouse 0.8 

  Coal ash going to baghouse (kpph) 6.59 7.17 7.08 6.99 

  Coal sulfur content, (dry, wt%) 1.87 1.86 1.86 1.96 

  Sulfur input from coal (kpph) 2.19 2.31 2.22 2.40 

  Ca/S ratio 1.4 

  Ca fed to SDA as Ca(OH)2 (kpph) 7.09 7.47 7.18 7.77 

  Pebble lime purity (wt % CaO) 93% 92% 89% 90% 

  Impurities fed to SDA/baghouse (kpph) 0.48 0.62 0.82 0.80 

  Sulfur capture in SDA (%) 94% 96% 94% 95% 

  SO2 captured in baghouse (kpph) 4.12 4.42 4.19 4.57 

  Total mass captured in baghouse (kpph) 18.3 19.7 19.3 20.1 

  Baghouse ash Hg content (ppm as det'd) 0.69 0.70 0.67 0.63 

  Hg output via SDA/baghouse ash (mg/sec) 1.59 1.74 1.63 1.60 

 

Mercury output via stack flue gas.  The amount of mercury in the stack flue gas was 
calculated based on the Ontario-Hydro data and the results of the mercury output via 
the stack flue gas are summarized in Table 31. 

Table 31.  Mercury Output via Stack Flue Gas 

Test No. 1 2 3 4 

  Hg concentration Stack Gas (µg/Nm3)   0.60 0.60 0.62  0.62  

  Stack gas flow rate (Nm3/min) 9,200 9,470 9,320 8,790 

  Hg flow rate at stack (mg/sec) 0.092  0.095  0.096  0.090  

 

Mercury material balance closure.  The mercury material balance closure is the total 
mercury output from the plant divided by the total mercury input, expressed in 
percent.  The total mercury input is the sum of the amounts of mercury in the coal 
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and lime slurry entering the plant.  The total mercury output is the sum of the 
amounts of mercury leaving the plant through bottom ash, baghouse hopper ash, and 
stack flue gas.  Table 32 shows the results of the mercury material balance closure 
calculations.  For the four tests conducted at the plant, the calculated mercury 
material balance closures ranged from 93.% to 104%.  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 99%, which is within the QA/QC criterion of 80-120% 
for multiple tests. 

Table 32.  Material Balance Closure for Mercury. 

Test No. 1 2 3 4 

  Hg input from Coal (mg/sec)  1.81 1.76 1.69 1.73 

  Hg input from lime slurry solids (mg/sec) 0.0007 0.0007 0.0007 0.0007 

  Total Hg input (mg/sec) 1.81 1.76 1.69 1.73 

 

  Hg output via Bottom Ash (mg/sec) 0.0046 0.0007 0.0008 0.0007 

  Hg output via baghouse hopper ash (mg/sec) 1.59 1.74 1.63 1.60 

  Hg output via stack flue gas (mg/sec)  0.092 0.095 0.096 0.090 

  Total Hg output (mg/sec) 1.69 1.84 1.73 1.69 

Hg material balance closure 93% 104% 102% 98% 

Average Hg material balance closure 99±5% 

 
 

Material Balance Closure for SiO2, Al2O3, Fe2O3, and CaO 

By following the same procedures, the material balance closure for the major ash 
oxides can be calculated also.  Summarized in Tables 33 through 36 are the results 
of the material balance closure calculations for the oxides.  The material balance 
closures range from 90% to 112%.  The average values of the material balance 
closures are: 105% for SiO2; 101% for Al2O3; 100% for CaO; and 95% for Fe2O3.  
The good material balance closures for the major ash oxides provide an additional 
level of confidence in the material balance calculations for mercury. 
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Table 33.  Material Balance Closure for SiO2. 

Test No. 1 2 3 4 

  SiO2 input from coal (kpph) 3.95 4.36 4.23 4.17 

  SiO2 input from lime (kpph) 0.080 0.078 0.086 0.081 

  Total SiO2 input (kpph) 4.03 4.43 4.32 4.25 

 

  SiO2 output via bottom ash (kpph) 0.72 0.83 0.75 0.77 

  SiO2 output via baghouse hopper ash (kpph) 3.63 3.59 3.52 3.99 

  Total SiO2 output (kpph) 4.36 4.42 4.27 4.76 

SiO2 material balance closure = 108% 100% 99% 112% 

Average SiO2 material balance closure 105±6% 

 
 

Table 34.  Material Balance Closure for Al2O3. 

  Al2O3 input from coal (kpph) 1.95 2.16 2.09 2.07 

  Al2O3 input from lime (kpph) 0.026 0.026 0.029 0.028 

  Total Al2O3 input (kpph) 1.98 2.18 2.12 2.10 

 

  Al2O3 output via bottom ash (kpph) 0.34 0.38 0.34 0.35 

  Al2O3 output via baghouse hopper ash (kpph) 1.72 1.72 1.67 1.92 

  Total Al2O3 output (kpph) 2.05 2.10 2.01 2.27 

Al2O3 material balance closure = 104% 96% 95% 108% 

Average Al2O3 material balance closure 101±6% 
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Table 35.  Material Balance Closure for Fe2O3  

Fe2O3  input from coal (kpph) 1.48 1.56 1.50 1.58 

Fe2O3  input from lime (kpph) 0.010 0.010 0.010 0.010 

Total Fe2O3  input (kpph) 1.49 1.57 1.51 1.59 

 

Fe2O3  output via bottom ash (kpph) 0.35 0.38 0.33 0.35 

Fe2O3  output via baghouse hopper ash (kpph) 1.24 1.12 1.11 1.27 

Total Fe2O3  output (kpph) 1.59 1.50 1.45 1.63 

Fe2O3  material balance closure = 107% 95% 96% 103% 

Average Fe2O3  material balance closure 100±6% 

 
 

Table 36.  Material Balance Closure for CaO 

CaO input from coal (kpph) 0.18 0.17 0.20 0.18 

CaO input from lime (kpph) 5.36 5.65 5.43 5.88 

Total CaO input (kpph) 5.54 5.82 5.63 6.05 

 

CaO output via bottom ash (kpph) 0.039 0.046 0.038 0.041 

CaO output via baghouse hopper ash (kpph) 4.92 5.60 5.71 5.51 

Total CaO output (kpph) 4.96 5.65 5.75 5.55 

CaO material balance closure = 90% 97% 102% 92% 

Average CaO material balance closure 95±6% 
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Figure 1.  Mercury Speciation. 
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Figure 2.  Process Flow Schematic. 
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32'-8"

8'-6"

Traverse Point Locations

  Point             Location
 1       8.5
 2  25.5
 3             42.5
 4  59.5
 5  76.5
 6  93.5

  4 Access Ports
  6 Sample Points per Port
24 Total Sample Points  

 
 

Figure 3.  SCR Inlet Sampling Location. 
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Figure 4.  SCR Inlet Mercury Sampling Train. 
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18'-6"

Traverse Point Locations

  Point             Location
 1     18.0
 2  54.0
 3             90.0

  6 Access Ports
  3 Sample Points per Port
18 Total Sample Points

9'-0"

 
 

Figure 5.  Air Heater Outlet Sampling Location. 
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Figure 6.  Air Heater Outlet Mercury Sampling Train. 

43 



N Ø 10.0'

Traverse Point Locations

Location
Point    (in)
   1     5.3  
   2   17.5
   3  35.5
   4  84.5
   5           102.5 

 6         114.7

  2 Sample Access Ports
  6 Points per Access Port
12 Total Sample Points  

 
Figure 7.  Stack Sampling Location 
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Figure 8.  Stack Mercury Sampling Train. 
 

 
 

Figure 9.  Ontario-Hydro Sampling Train Schematic. 
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Figure 10.  Coal Sampler (left), and Sampling Port at the Bottom of the Coal Bin 

(right). 
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Figure 11.  Bottom ash sampling location. 

 
 

Figure 12.  Schematic of the arrangement of the baghouse hoppers. 
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Figure 13.  Location of a baghouse hopper ash sampling port. 
 
 

 
Figure 14.  Ash sampling thief. 

48 



Plant 2
Baghouse Hopper Ash

0.50

0.55

0.60

0.65

0.70

0.75

0.80

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

wt % C in Baghouse Ash

pp
m

 H
g 

in
 B

ag
ho

us
e 

A
sh

Figure 15.  Mercury Concentration vs. Carbon Content in Baghouse Ash 
Samples.
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APPENDIX A 
 

Mercury Sampling Data 
 

• Field Data Sheets 
• Mercury Measurement Data Sheets 

A 



APPENDIX B 
 

Plant 2 Process Data 
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APPENDIX C 
 

Flue Gas Mercury Data 
 

• Summary of Ontario-Hydro 
Impinger Analyses Data Sheets 

• Recovery Data Sheets 
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APPENDIX D 
 

Process Material Data 
 

• Coal Analysis Data Sheets 
• Ash Analysis Data Sheets 
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