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DISCLAIMER 

This technical report was prepared with the support of the U.S. Department of 
Energy, under Award No. DE-FC26-03NT41986.  However, any opinions, findings, 
conclusions, or recommendations expressed herein are those of the author(s) and do not 
necessarily reflect the views of the DOE. 

This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor any 
of their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights.  Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency 
thereof.  The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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ABSTRACT 

The power industry in the U.S. is faced with meeting state imposed regulations, as 
well as expected federal legislation, to reduce the emissions of mercury compounds from 
coal-fired plants.  Regulations are directed at the existing fleet of nearly 1,100 boilers.  These 
plants are relatively old with an average age of over 40 years.  Although most of these units 
are capable of operating for many additional years, there is a desire to minimize large capital 
expenditures because of the reduced (and unknown) remaining life of the plant to amortize 
the project.  Injecting a sorbent such as powdered activated carbon into the flue gas 
represents one of the simplest and most mature approaches to controlling mercury emissions 
from coal-fired boilers. 

This is the final site report for tests conducted at AEP Conesville Power Plant, one of 
six sites evaluated in this DOE/NETL program.  The overall objective of the test program is 
to evaluate the capabilities of activated carbon injection at six plants that, combined, have 
configurations that together represent 78% of the existing coal-fired generation plants: 

• Sunflower Electric’s Holcomb Station Unit 1 
• AmerenUE’s Meramec Station Unit 2 
• Missouri Basin Power Project’s Laramie River Station Unit 3 
• Detroit Edison’s Monroe Power Plant Unit 4 
• AEP’s Conesville Station Unit 6 
• Ameren’s Labadie Power Plant Unit 2 

The goals for this Phase II program established by DOE/NETL are to reduce the 
uncontrolled mercury emissions by 50 to 70% at a cost 25 to 50% lower than the target 
established of $60,000/lb mercury removed.  The results from Conesville indicate that 
sorbent injection alone in a high-sulfur flue gas is not capable of achieving the targeted 
mercury removal rates at a reduced cost.  Injection of DARCO® E-12, the best performing 
sorbent in full-scale injection tests, at 12 lbs/MMacf, resulted in a mercury removal a rate of 
31% at a cost of $13,600/lb of mercury removed. 
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INTRODUCTION 

On March 15, 2005, the EPA announced that it would reduce mercury emissions 
from coal-fired power plants through the Clean Air Mercury Rule (CAMR).  By early 
March 2007, twelve states had regulations in place that were more stringent than the Clean 
Air Mercury Rule (CAMR), either requiring greater reductions in emissions or earlier 
control implementation.  Thirteen additional states are considering similar regulations that 
are more stringent than the CAMR.  These regulations are requiring the industry to respond 
quickly to meet the implementation schedules.  As of late 2007, mercury control systems 
were ordered for 73 units.  On February 8, 2008, the U.S. Court of Appeals for the District 
of Columbia vacated CAMR, removing any federal regulations that require monitoring or 
control of mercury from electric generating units, although it is expected that new, possibly 
more stringent regulations will be implemented in the near future.  State and federal 
regulations will affect both new plants and the existing fleet of nearly 1,100 boilers in the 
United States.  The existing plants are relatively old with an average age of over 40 years.  
Most of these units are capable of operating for many additional years if the capital 
expenditures associated with retrofitting new pollution controls can be minimized. 

ADA-ES, Inc., with support from the Department of Energy’s National Energy 
Technology Laboratory (DOE/NETL) and industry partners, conducted a mercury control 
demonstration using sorbent injection into the electrostatic precipitator (ESP) at AEP’s 400-
MW Conesville Station Unit 6.  This report presents results from the demonstration including 
the effect on mercury emissions in a high-sulfur flue gas when 1) injecting sorbent at a unit 
equipped with a cold-side ESP, 2) using a coal additive to promote mercury oxidation along 
with sorbent injection, and 3) the use of alkali materials to reduce the interference of SO3 on 
mercury capture by the sorbent particles using a sorbent screening device and at full scale. 
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EXECUTIVE SUMMARY 
The primary objective of testing at American Electric Power’s (AEP) Conesville 400-

MW Station was to determine the cost and effects of sorbent injection for control of mercury 
in stack emissions from Unit 6.  Conesville Unit 6 was chosen for this evaluation because it 
fires high-sulfur (3–4%) eastern bituminous coal and is equipped with a medium-sized, cold-
side ESP (SCA = 301 ft2/kacfm) for particulate control and a wet flue gas desulfurization 
(WFGD) system for SO2 control.  General observations and conclusions include: 

• Native (baseline) mercury levels and removal: 
- ESP native mercury capture is very low at Conesville, from 0 to 20%.  The 

mercury is 60–70% oxidized at the ESP outlet, upstream of the WFGD, and 90% 
elemental at the WFGD outlet. 

- Most of the oxidized mercury is removed in the WFGD. 
- Mercury ranges from 13 to 33 lb/TBtu at the ESP. 

• Parametric Testing: 
- Most of the eighteen sorbents tested at full-scale increased T/R set spark rates, 

decreased power levels, and/or impacted opacity. 
- The maximum incremental removal by a sorbent was approximately 31% 

(DARCO® E-12 at 12 lb/MMacf). 
- The next highest removal was 25% (Sorbent Technologies EXP-2 at 

16 lb/MMacf). 
- Both of these sorbents had an opacity impact that would require further evaluation. 
- Several sorbents demonstrated some improvement over the benchmark sorbent, 

DARCO® Hg. 
- Changing the injection lance design did not improve mercury removal. 
- Injecting the coal additive KNX resulted in a marginal improvement in the 

mercury removal across the ESP + WFGD from 72% to 76%. 
- Mercury removal using the benchmark sorbent increased from 8% at 9.5 lb/MMacf 

DARCO® Hg to 15.6% at 8 lb/MMacf DARCO® Hg when injected with the coal 
additive KNX. 

• Options for improving performance: 
- Improved sorbents 

- Control SO3, possibly with alkali co-injection 

- Inject PAC upstream of APH 

• The mercury CEM installed at Conesville demonstrated extended, unattended 
operation with fairly reliable performance. 

• The total mercury from STM tests have compared favorably with CEM 
measurements.  At both the ESP inlet and outlet locations, and on the east and west 
sides, directly comparable samples are within 10%, with few exceptions. 
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The challenges identified and characterized at Conesville stemming from the high 
concentration of SO3 in the flue gas may represent a larger obstacle to mercury control for 
the industry than just units that fire high-sulfur coal.  The presence of SO3 in flue gas appears 
to decrease mercury capture by activated carbon, sometimes dramatically.  SO3 may be 
present in sufficiently high concentration in several common plant configurations including 
low-sulfur units using SO3 for flue gas conditioning and units where an SCR converts 
sufficient SO2 to SO3.  Although some sorbents performed better than the benchmark 
sorbents, DARCO® Hg and DARCO® Hg-LH, in general the sorbents tested at Conesville did 
not show significant mercury removal.  However, the more promising sorbents may perform 
well in plant configurations with slightly lower SO2 and/or SO3 in the flue gas. 

A goal of this DOE/NETL program is to achieve 50–70% mercury capture across the 
ESP.  Because this goal was not reached at Conesville, the test team recommended to DOE 
that testing be continued at another site with lower levels of SO3.  Subsequently, DOE 
approved testing at Ameren’s Labadie Power Plant to determine if some of the sorbents 
identified at Conesville would be effective at Labadie.  Testing at Labadie has been 
completed and results will be published in U.S. DOE Cooperative Agreement No. DE-FC26-
03NT41986 Topical Report No. 41986R25, 2008.  Additional testing was also conducted by 
ADA-ES through DOE contract DE-FC26-06NT4278 at Public Service of New Hampshire’s 
Merrimack Station, a site that fires a low- to medium-sulfur coal and uses an SCR for NOX 
control.  The SCR at Merrimack converts some of the SO2 to SO3 so that the resulting flue-
gas SO3 concentration is typically over 10 ppm.1 
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DESCRIPTION OF OVERALL PROGRAM 

This test program is part of a six-site program to obtain the necessary information to 
assess the feasibility and costs of controlling mercury from coal-fired utility plants.  Sorbent 
injection for mercury control was successfully evaluated in DOE/NETL’s Phase I tests at 
scales up to 150 MW, on plants burning subbituminous and bituminous coals, and with 
electrostatic precipitators (ESPs) and fabric filters (FFs).  During the Phase I project, several 
issues were identified that needed to be addressed, such as evaluating performance on other 
plant configurations, optimizing sorbent usage (costs), and gathering longer-term operating 
data to address concerns about the impact of activated carbon on plant equipment and 
operations. 

The overall objective of this test program is to evaluate the capabilities of activated 
carbon injection at six plants with configurations that, taken together, represent 78% of the 
existing coal-fired generation plants in the U.S.  A short description of the six host sites is 
given in Table 1.  Table 2 shows the program test schedule. 

The technical approach followed during this program allows the team to 1) effectively 
evaluate activated carbon and other viable sorbents on a variety of coals and plant 
configurations, and, with the exception of Laramie and Conesville, 2) perform long-term 
testing at the optimum conditions for at least one month.  These technical objectives are 
accomplished by following the series of tasks listed below.  These tasks are repeated for each 
test site. 

1. Host site kickoff meeting, test plan, and sorbent selection 
2. Design and installation of site-specific equipment 
3. Field tests 
4. Data analysis 
5. Sample evaluation 
6. Economic analysis 
7. Reporting and technology transfer 

A detailed description of each task is given in Appendix A:  Conesville Test Plan. 
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Table 1.  Host Site Key Descriptive Information. 

 Holcomb Meramec Laramie River Monroe Conesville Labadie 

Test Period 3/04–8/04 8/04–11/04 2/05–3/05 3/05–6/05 3/06–5/06 11/06–1/07 

Unit 1 2 3 4 6 2 

Size (MW) 360 140 550 785 400 630 

Test Portion 
(MWe) 180 and 360 70 140 196 400 630 

Coal PRB PRB PRB PRB/Bituminous 
Blend Bituminous PRB 

NOx Control First Generation 
Low-NOX Burners 

Low-NOX Burners 
and SOFA None SCR None LNB, LNCFS 

Level III, SOFA 

Particulate 
Control 

Joy Western 
Fabric Filter 

American Air Filter 
ESP ESP ESP Research-

Cottrell ESP 
ESP 

(three in parallel)

SCA 
(ft2/kacfm) NA 320 599 258 301 279 combined 

FGC  None None SO3 None SO3 

Sulfur Control Spray Dryer 
Niro Joy Western Compliance Coal Spray Dryer Compliance Coal Wet Lime FGD Compliance Coal

Ash Reuse Disposal Sold for Concrete Disposal Disposal FGD Sludge 
Stabilization Sold for Concrete

Typical Inlet Hg 
(μg/dNm3) 10–12 10–12 10–12 5–10 15–30 10–12 

Typical Native Hg 
Removal  <15% <30% <20% 10–30% 50% <30% 
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Table 2.  Field-Testing Schedule. 

2004 2005 2006 2007 
Site 

2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 

Holcomb                

Meramec                

Laramie River                

Monroe                

Conesville                

Labadie                
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There are more than 100 individual team members from 33 organizations 
participating in this five-site program.  The organizations providing co-funding for tests at 
Conesville include: 

ADA-ES, Inc. 
ALSTOM 
AmerenUE* 
American Electric Power* 
Arch Coal 
DTE Energy 
Dynegy Generation 
EPRI 
MidAmerican 
NORIT Americas Inc. 
Ontario Power Generation* and partners 

EPCOR 
Babcock & Wilcox 

Southern Company 
Tennessee Valley Authority 

* Indicates host site. 
 

Key members of the test team include: 

AEP Conesville Power Plant 
Project Managers:  Gary Spitznogle and Aimee Toole 
Conesville Project Engineer:  Georgeanne Hammond 

ADA-ES, Inc. 
Project Manager:  Sharon Sjostrom 
Site Manager:  Cody Wilson 

DOE/NETL 
Project Manager:  Andrew O’Palko 

EPRI 
Project Manager:  Ramsay Chang 

Reaction Engineering International 
CFD Modeling, Coal and Byproduct Analysis Interpretation:  Connie Senior 

Others 
Analytical laboratories 
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CONESVILLE PROJECT OBJECTIVES AND TECHNICAL 
APPROACH 

The primary objective of testing at American Electric Power’s (AEP) Conesville 
Station, located in Coshocton County, Ohio, was to determine the cost and effectiveness of 
sorbent injection for control of mercury in stack emissions from the 400-MW Unit 6.  This 
unit typically fires high-sulfur eastern bituminous coal from several local mines, and is 
equipped with a cold-side ESP for particulate control and a wet flue gas Desulfurization 
(WFGD) system for SO2 control.  The general technical approach for field-testing followed a 
series of tasks, as listed below. 

1. Sorbent selection and screening 
2. Sample and data collection coordination 
3. Baseline tests 
4. Parametric tests 

Parametric test conditions were chosen to meet an overall objective of identifying 
options to enhance mercury removal for units firing eastern bituminous coal.  The evaluation 
focused on activated carbon injection using sorbents treated with halogens and alkali 
materials, and non-treated sorbents.  Several of the materials tested at Conesville were also 
tested at the other project host sites.  Due to the high-sulfur flue gas at Conesville, many new 
sorbents, some considered experimental, were evaluated, particularly those designed with 
additives to minimize the effect of SO3 on mercury capture.  The evaluation was conducted 
on 50% and 100% of the flue gas stream.  Conesville had a fairly complicated arrangement 
of ducts and turning vanes leading to the ESP.  Therefore, sorbent distribution modeling was 
completed to assure good sorbent distribution into the ESP.  Long-term tests were planned at 
this site, but were not conducted due to the low mercury removal performance. 

Importance of Testing at Conesville 
Conesville Unit 6 was chosen for this evaluation because it has a marginally sized, 

cold-side ESP (SCA = 301 ft2/kacfm), and it fires high-sulfur eastern bituminous coal.  High-
sulfur flue gases have proven to be a challenge for mercury control via sorbent injection.  
The configuration at Conesville allowed an evaluation of the effects of sorbent injection on 
mercury control, ESP performance, and WFGD performance with an ESP that is 
representative of many units across the industry. 

Background:  Mercury Removal in High-Sulfur Flue Gas 
One of the more difficult applications for mercury control with sorbent injection 

concerns sites firing high-sulfur bituminous coals.  Laboratory studies conducted over the 
past 15 years by URS Group, UNDEERC, and others indicate that HCl and SOx in the flue 
gas can significantly affect the mercury adsorption capacity of fly ash and activated carbon.2,3  
These studies suggest that SO2 and SO3 reduce the equilibrium mercury capacity of activated 
carbon and fly ash because activated carbon tends to catalyze SO2 to H2SO4.  In turn, these 
sulfur compounds occupy surface sites on the carbon that normally are available to adsorb 
and oxidize mercury.  Hence, the mercury adsorption capacity is dependant on the SO2 and 
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SO3 concentration, which is orders of magnitude greater than the mercury concentration.  
Full-scale field tests also indicate that standard, untreated, activated carbon is less efficient in 
high-sulfur environments.4,5 

Activated carbon injection tests were conducted at the University of Illinois’ Abbott 
Power Plant in Champaign, Illinois, in 2001.4  This site fires high-sulfur (3.8%) bituminous 
coal with 2500 ppm chlorine.  Equilibrium adsorption capacity measurements were 
conducted for DARCO® Hg at temperatures of 375 and 325 ºF.  At 375 ºF, the equilibrium 
adsorption capacity was 184 µg/g.  At 325 ºF, the equilibrium adsorption capacity was 
486 µg/g.  Injection tests were conducted at two flue gas temperatures, 360 ºF and 330 ºF, 
and the results showed a slight increase in the mercury removal performance of DARCO® Hg 
at the lower temperature.  Injection tests were also conducted at the Lausche Heating Plant of 
Ohio University (1000 ppm SO2 and 20 ppm SO3 in flue gas).  Test results from both Abbott 
and Lausche, shown in Figure 1, indicate limited mercury removal performance of DARCO® 
Hg in these environments.6 
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Figure 1.  Results of DARCO® Hg Tests at Abbott and Lausche Power Plants. 

Equilibrium adsorption capacity measurements were also made at We Energies 
Pleasant Prairie Power Plant (P4) upstream and downstream of an SO3 injection system for 
ESP flue gas conditioning.7  These data indicate a significant impact on the mercury capacity 
of DARCO® Hg due to both SO3 and temperature.  Decreasing the temperature from 300 ºF 
to 250 ºF via water spray cooling did not improve the mercury removal measured across the 
ESP.  This suggests that the threshold capacity (the adsorption capacity at which a change in 
performance is expected) was less than the equilibrium adsorption capacity measured at 
300 ºF (425 μg/g) in the presence of SO3.  The equilibrium data also suggest that the capacity 
can be significantly improved at higher temperatures in the presence of SO3 if the sorbent is 
mixed with an alkali material such as lime to mitigate the effects of SO3.  No improvement 
was noted at the lower temperature (250 ºF).  The P4 and Abbott results are presented in 
Table 3. 
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Table 3.  Equilibrium Adsorption Capacities for Two Sites with SO3 in the Flue Gas. 

Site SO3 
Temp. 

(ºF) 

Equilibrium Adsorption Cap. 
(μg/g) 

Normalized to 50 μg/Nm3 

P4 Low-Sulfur Coal 250 8823 

P4 FGC 250 3355 

P4 
(DARCO® Hg + Lime*) FGC 250 2091 

P4 Low-Sulfur Coal 300 880 

P4 FGC 300 425 

P4 
(DARCO® Hg + Lime*) FGC 300 > 1504 

Abbott High-Sulfur Coal 375 148 

Abbott High-Sulfur Coal 325 486 

*Lime to sorbent ratio was 60:1. 

Conesville Site Description 

General Description of Unit 6 
Unit 6 is a 400-MW, Combustion Engineering (ALSTOM), tangentially fired, PC unit 

that normally fires high-sulfur eastern bituminous coal.  This unit is equipped with cold-side 
Research-Cottrell ESPs.  Flue gas is drawn through the ESPs via Induced-Draft (ID) fans.  
Downstream of the ESP and ID fans are two Universal Oil Products wet lime absorber 
modules (WFGD) for SO2 removal.  The modules have partial bypass capability and have 
been retrofitted with a Babcock & Wilcox (B&W) tray design.  The system is typically 
operated with the bypass closed.  The bypass valves have a design leak rate of 5% of the 
flow.  A sketch of the unit layout is presented in Figure 2.  Key operating parameters are 
shown in Table 4. 
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Unit 6
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P

Scrubbers

Stack

ESP Outlet Sampling
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Inlet Sampling

Injection
ID Fans

 
Figure 2.  Layout Sketch of Conesville Unit 6. 

Table 4.  Conesville Key Operating Parameters. 

Unit 6 

Size (MW) 400 

Test Portion (MWe) 200 and 400 

Coal High-Sulfur Ohio Basin Bituminous 

Heating Value (as received) 11,020 

Sulfur (% by weight) 3.31 

Chlorine (ppm dry) 273 

Mercury (μg/g) 0.381 

Particulate Control Cold-Side ESP 
SCA = 301 ft2/kacfm 

Sulfur Control Wet FGD 

Ash Reuse FGD Sludge Stabilization 
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Sorbent Injection and Mercury Monitoring Locations 
The single ESP inlet at Conesville Unit 6 is split among four compartments.  Each 

ESP compartment has eight electrical fields in series and eight hoppers:  four front-to-back 
and two side-to-side.  Figure 3 is a sketch of the flue gas path showing designations for the 
ESP TR sets, ESP hoppers, and various sample and injection ports.  During the test program, 
sorbent was injected upstream of the ESP across either the entire, or across half of the inlet 
duct to treat either 100% or 50% of the flue gas stream.  Mercury measurements were made 
using continuous emission monitors (CEMs) at the ESP inlet and outlet.  Figure 4 is a plan 
sketch of Unit 6 showing the location of the carbon injection silo, injection location, and 
CEM locations.  See Appendix D for a description of the carbon injection silo and 
Appendix E for a description of the CEMs. 

The temperature across the ESP inlet is stratified due to the air pre-heater design.  
Temperatures measured in the injection ports indicate a 75 ºF temperature gradient 
(nominally 290 ºF in Port 2 on the A-Side and 365 ºF in Port 10 B-Side).  The flue gas SO3 
concentration is nominally 30 ppm, based upon previous measurements by AEP. 
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Figure 3.  Conesville Unit 6 Testing Layout. 
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Figure 4.  Conesville Unit 6 Sorbent Injection and Mercury Measurement Locations. 

Sorbent Trap Equipment and Analysis 
The method of using activated carbon traps for measuring mercury at coal-fired 

power plants has been given several acronyms over the past few years such as Quick SEM or 
QSEM (EPRI trademark), EPA Method 324 or M324, and, most recently, it was defined in 
Appendix K of Title 40 CFR Part 75 under the title “Quality Assurance and Operating 
Procedures for Sorbent Trap Monitoring Systems.”  For this report, it will be referred to as 
the Sorbent Trap Method (STM).  The method involves inserting a pair of glass tubes filled 
with activated carbon (know as a trap) into a gas stream and drawing a measured amount of 
gas across each trap.  The paired traps can then be sent to a lab and analyzed for mercury.  At 
Conesville, several different types of STM equipment were used including those from Apex 
Instruments, Environmental Supply Company (ESC), and a gas metering box designed by 
ADA-ES.  Further details of the STM method and equipment are included in Appendix C. 

Injection Lance Arrays 
The injection port location affects the distribution of sorbent in the duct and can cause 

mercury stratification at the ESP outlet.  Sorbent distribution modeling was done for 
Conesville because of complicated duct arrangement and number of turning vanes in the ESP 
ductwork.  Reaction Engineering International (REI) modeled the sorbent distribution using 
computational fluid dynamics (CFD).  These modeling studies were used to design a lance 
arrangement that would provide good sorbent distribution into the ESP.  The model results 
are presented in more detail later in this report. 

Two different sorbent injection lance designs were used at Conesville.  The first, used 
for testing 100% of the unit, consisted of ten multi-nozzle lances installed in injection Ports 2 
through 11, as shown in Figure 5.  These lances had four nozzles each.  The second design, 
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presented in Figure 6, was used for testing 50% of the unit and consisted of ten single-nozzle 
lances.  Two lances were installed in each of Ports 6 through 10 on the B-Side (hot) of the 
unit. 

 
Figure 5.  Multi-Nozzle Injection Lance Array. 

 
Figure 6.  Single-Nozzle Injection Lance Array. 
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Description of Field-Testing Subtasks 
The field tests were accomplished through a series of four subtasks:  1) sorbent 

selection and screening, 2) sample and data coordination, 3) baseline testing, and 4) 
parametric testing.  The subtasks are independent of each other in that they each have 
specific goals and tests.  However, they are also interdependent because the results from each 
subtask influenced the test parameters of subsequent subtasks.  A fifth subtask, long-term 
testing, was originally planned, but not done due to the lower-than-expected mercury 
removal achieved at the site.  A summary of each subtask is presented in the following 
sections.  Tests with the Sorbent Screening Device are abbreviated (SSD).  The test sequence 
is presented in Table 5. 
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Table 5.  Full-Scale Test Sequence Conducted at Conesville Unit 6. 
Test Description Date Parameters/Comments 
SSD 11/8/05–11/15/05 SSD using the sorbent screening device to identify potential sorbents for full-scale testing. 

SSD 2/6/06–2/10/06 SSD using the sorbent screening device to identify potential sorbents for full-scale testing. 

Week 1—Baseline 3/13/06–3/17/06 Day 1 – Test crew set-up; no restrictions on boiler load 
Day 2 – Baseline Hg CEM Measurements 
Day 3 – Hg CEM Measurements and Manual Sampling 
Day 4 – Hg CEM Measurements and Manual Sampling 
Day 5 – Hg CEM Measurements and Manual Sampling 

Week 2—Parametric 
Sorbent Injection Tests* 

3/20/06–3/24/06 Day 1 – Contingency 
Day 2 – DARCO® Hg and DARCO® Hg-LH 
Day 3 – DARCO® E12 
Day 4 – Donau Desorex DX700C 
Day 5 – Calgon RUV-N 

Week 3—Parametric 
Sorbent Injection Tests* 

3/27/06–3/31/06 Day 1 – Sorbtech EXP-2 
Day 2 – DARCO® Hg and DARCO® Hg—Bottom 
Day 3 – DARCO® E14 
Day 4 – DARCO® E15 
Day 5 – DARCO® E13 

Week 4—Parametric 
Sorbent Injection Tests* 

5/8/06–5/12/06 Day 1 – Test crew set-up; no restrictions on boiler load 
Day 2 – DARCO® E12 Multi-Nozzle Lance Stratification Test 
Day 3 – DARCO® E12 Single-Nozzle Lance Stratification Test 
Day 4 – Analyze Maintenance 
Day 5 – DARCO® E18 and DARCO® E20 

Week 5—Parametric 
Sorbent Injection Tests* 
and SSD 

5/15/06–5/19/06 Day 1 – DARCO® E19 and Calgon RUV+ 
Day 2 – EERC C5SL 
Day 3 – INSUL and Start of SSD 
Day 4 – SSD 
Day 5 – Prepare Site for Break 

Week 6— 
SSD, KNX Test 

7/05/06–7/13/06 Days 1–5 – SSD: Various Sorbent Combinations 
Day 7 – KNX, KNX + DARCO® Hg 

Week 7— 
SSD 

7/31/06–8/01/06 Days 1–2 – SSD: Various Sorbent Combinations  

*Sorbent injection screening tests are short, 2-hour tests that are used to determine if further testing is warranted. 
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Sorbent Selection and Sorbent Descriptions 
One of the keys to a successful program at Conesville was the identification of 

sorbents that were effective in high-sulfur flue gas.  An effective sorbent removes mercury 
across the ESP and may increase the fraction of oxidized mercury exiting the ESP to make 
the WFGD more effective.  The activated carbon sorbent DARCO® Hg has been tested in 
various lab-, pilot-, and full-scale mercury control demonstrations, and has been identified 
for DOE programs as the benchmark for performance comparisons.  DARCO® Hg is derived 
from a Texas lignite coal and manufactured by NORIT Americas.  Potential alternative 
sorbents include those that may be more effective than DARCO® Hg, or sorbents that are as 
effective but cost less.  Forty-six (46) materials were tested at Conesville from 14 different 
suppliers.  The suppliers are included in Table 6. 

Table 6.  Companies Providing Sorbents for Sorbent Screening Tests. 

Supplier General Description 
Advanced Fuel Research Activated Carbon 
Calgon Activated Carbon 
California Earth Minerals Non-Carbon Based 
Donau Activated Carbon 
EERC Activated Carbon 
BASF (Engelhard) Non-Carbon Based 
Frontier Geosciences Activated Carbon 
NEST Non-Carbon Based 
NORIT Americas Activated Carbon 
Sorbent Technologies Activated Carbon 
TDA Research Non-Carbon Based 
Zinkan Non-Carbon Based 

AEP Alkali Materials 
ADA-ES Blends of sorbents 

The original plan included the selection of two sorbents for full-scale evaluation.  
Candidate sorbents were screened during three test rounds using two different devices 
designed by ADA-ES.  The results from Round 1 testing were found to be corrupted by a 
cool spot in the sample line that affected the inlet SO3 and Hg concentrations.  The apparatus 
was modified to eliminate this cool spot and a second round of tests was conducted.  
However, Round 2 results were also found to be corrupted by other cool zones in the device.  
Because of the high SO3 at Conesville, a “cool spot” was considered anything below the flue 
gas temperature.  Maintaining the gas temperature without increasing it and not allowing any 
areas to drop below the gas temperature proved challenging.  Finally, the original device was 
abandoned for an in-situ design that eliminated any potential for sampling artifacts inherent 
in the extractive device.  Appendix F contains a description of the sorbent screening devices.  
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A full description of the sorbent screening procedure and test results is presented later in this 
report.  Because of uncertainty regarding the Round 1 results (there was little difference in 
sorbent performance), the test team modified the original test plan to include several sorbents 
in full-scale parametric tests. 

Based on the results of all sorbent screening tests, many different sorbents were 
eventually tested at full-scale as listed in Table 7, including the benchmark DARCO® Hg.  
Prices for commercially available sorbents are also included.  The final two materials were 
added after initial full-scale results showed poor mercury removal performance.  Materials 
submitted by EERC and Frontier Geosciences also demonstrated comparable performance in 
SSD tests, but were not included in the initial parametric tests because these materials were 
not available in sufficient quantities. 

Table 7.  Sorbents Tested at Full-Scale Based on Screening Tests and Availability. 
Sorbent Price/lb (2006 $) 

Calgon RUV  

Calgon RUV-N $0.74 

Sorbent Technologies EXP-2 $0.75 

Donau Desorex DX700C $0.42 

NORIT DARCO® Hg $0.45 

NORIT DARCO® Hg-LH $0.85 

NORIT DARCO® E-12  

NORIT DARCO® E-13  

NORIT DARCO® E-14  

NORIT DARCO® E-15  

NORIT DARCO® E-18  

NORIT DARCO® E-19  

NORIT DARCO® E-20  

NORIT DARCO® E-25  

NORIT DARCO® E-25c  

NORIT Insul  

EERC C5SL  

10 Trona:1 Hg  

3 Trona:1 Hg  

1 Trona:1 Hg  

10 Lime:1 Hg  
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Sample and Data Coordination 
Collecting, analyzing, and archiving samples and plant operating data are key aspects 

of any field test program.  A copy of the Sample and Data Management Plan is included in 
Appendix B.  Table 8 presents an example of samples and data collected during testing.  Coal 
samples were collected daily and submitted for analysis.  Grab samples of ash were collected 
from the ESP hoppers each day of testing and analyzed for mercury. 

Table 8.  Data Collected during Field-Testing. 

Parameter Sample/Signal/Test Baseline Parametric
Coal Batch sample Yes Yes 

Coal Plant signals:  burn rate (lb/hr) 
quality (lb/MMBTU, % ash) Yes Yes 

Fly Ash Batch sample Yes Yes 

Unit Operation Plant signals:  boiler load, etc. Yes Yes 

Temperature Plant signal at AH inlet and ESP 
inlet/outlet Yes Yes 

Temperature Full traverse at ESP inlet/outlet Yes No 

Duct Gas Velocity Full traverse at ESP inlet/outlet Yes No 

Mercury 
(total and speciated) Hg Monitors at ESP inlet/outlet Yes Yes 

Mercury 
(total and speciated) 

ASTM M6784-02 (Ontario Hydro) at 
ESP inlet/outlet Yes (1 set) No 

Mercury (total) STM Yes Yes 

Particulate Emissions EPA Methods 5 and 17 Yes No 

HCl, HF, Br EPA Method 26a at ESP inlet/outlet Yes No 

SO3 Controlled Condensate at ESP inlet Yes No 

Sorbent Injection Rate PLC, lbs/min No Yes 

Plant CEM data 
(NOx, O2, SO2, CO) Plant data – stack Yes Yes 

Stack Opacity Plant data – stack Yes Yes 

Pollution Control 
Equipment 

Plant data (Sec mA, Sec. Voltage, 
Sparks, Scrubber pH, etc.) Yes Yes 
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Baseline Testing (No Sorbent Injection) 
One week of baseline testing was completed on March 13–17, 2006.  The baseline 

data were used to characterize native mercury capture across the ESP while no sorbent was 
injected.  During the baseline test period, Unit 6 was maintained at standard full-load 
conditions, about 435 MW, between the hours of 06:00 and 18:00 with the air pollution 
equipment operated under standard full-load conditions. 

Throughout the baseline test periods, mercury measurements were made at the ESP 
inlet and outlet with the mercury CEMs.  During three days of the baseline test period, 
several manual measurements were also conducted at the inlet and outlet of the ESP, 
including the following: 

• ASTM M6784-02 Ontario Hydro Method (Speciated Mercury) 

• STM, based in part on the method described in 40 CFR Part 75 Appendix K 
(previously EPA draft Method 324) 

• EPA M5/M17 (Particulate Concentrations) 

• EPA M26a (Halogen and Hydrogen Halide Concentrations) 

• EPA M29 (Multi-Metals) 

• Controlled Condensate (SO3 Measurement) 

Because of the influence of HCl and HF on sorbent effectiveness, measurements 
(M26a) of these gases were made at the same time as the Ontario Hydro tests.  The outlet 
particulate emissions are a key parameter to assess the impact of carbon injection on ESP 
performance.  Therefore, particulate emission measurements were made with EPA 
Methods 5 (ESP outlet) and 17 (ESP inlet). 

SO3 has been shown to affect the capacity of activated carbon for mercury control at 
some sites.  Although the specific interaction is not well understood, the presence of naturally 
occurring SO3 from the coal can decrease mercury capture, sometimes dramatically.  In order 
to evaluate the potential effects of SO3 at Conesville, measurements were conducted at the 
inlet of the ESP during the baseline period using the controlled condensate method (see 
Appendix G:  Source Testing Report). 

Parametric Testing 
Following the baseline test period, five weeks of parametric testing were conducted:  

March 21–24, March 27–31, May 8–12, May 15–19, and August 23–25, 2006.  A short test 
using the coal additive KNX was conducted on July 13, 2006.  Tests were conducted at 
injection concentrations up to 18 lb/MMacf with 21 different sorbent blends.  Test sorbents 
included nine E-series sorbents (12, 13, 14, 15, 18, 19, 20, 25, 25c) and a finer version of 
DARCO® Hg called Insul.  The DARCO® E-series products included mixes of alkali with 
carbon, other substrates (e.g., wood-based carbon), and other mixes of sorbents and materials 
designed to protect the sorbents from SO3.  Several of these materials were produced by 
NORIT at the request of the test team. 
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Mercury measurements were made with the CEMs and STMs during the parametric 
tests to characterize mercury capture with sorbent injection.  During baseline and parametric 
testing, measurements of spark rates and duct opacity were taken to evaluate ESP 
performance. 

Sorbent Injection Screening 
The parametric testing phase included several rounds of short sorbent evaluation tests 

to find a sorbent that could meet the removal goals of the program.  These tests consisted of 
sorbent injection at the maximum achievable continuous feed rate of the injection system for 
2 to 3 hours.  Due to difficulties controlling the feed rate, the actual injection concentrations, 
although relatively constant for each material, ranged from 9 to 18 lb/MMacf during the first 
two weeks of testing.  The problems with the feeder were resolved during the second week of 
testing and all subsequent tests were conducted at an injection concentration of 8 lb/MMacf. 

Stratification Testing 
Previous modeling of multi-nozzle lance arrangements indicates that most of the 

sorbent exits the bottom nozzle of the injection lance, resulting in higher mercury removal at 
the bottom of the duct.  At the beginning of the second round of parametric testing, duplicate 
STM tests were conducted at depths of 5 and 10 feet across the width of the ESP outlet to 
determine if mercury stratification was present.  Additional modeling and stratification 
measurements were conducted to assure the test team that the poor mercury removal 
measured was a function of the sorbent properties and not the distribution grid. 

KNX Testing 
During the final round of parametric testing, a halogen-based coal additive, KNX, 

developed by ALSTOM Power, was evaluated for its effect on mercury baseline removal and 
when injecting untreated activated carbon.  KNX was applied to the coal prior to entering the 
boiler by adding it to coal feeders A, B, D, and E.  Vapor-phase mercury measurements were 
made with the CEMs at the ESP inlet and outlet, as well as at the WFGD outlet. 
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RESULTS FROM CONESVILLE TESTING 

The field-testing at Conesville was divided into two parts:  baseline and parametric.  
During baseline testing, no sorbent was injected into the duct; however, as is typical for most 
plants, coal characteristics did vary over this period.  During parametric testing, the 
performance of many sorbents was evaluated.  Results from each test series are included in 
this section. 

Modeling studies were also completed before and during field-testing to gain better 
insight into sorbent distribution and mercury removal at Conesville.  Results from these 
efforts are summarized below. 

CFD Modeling 
REI modeled sorbent injection and mercury removal at Conesville by using 

computational fluid dynamics (CFD), incorporating two-phase chemically reacting flow, and 
iterating the gas composition (Hg species) with sorbent particle trajectories.  This approach 
allowed REI to recommend the appropriate injection grid layout, and provided insight into 
the potential mercury removal at Conesville (see Appendix H:  CFD Model Report). 

The injection grid was originally designed with twelve lances, one for each of the 12 
injection ports at the ESP inlet, as shown in Figure 3.  The CFD model showed that the outer 
two lances, positioned outside the outermost turning vanes, caused poor distribution of 
sorbent density on the outer edge of the ESP.  A second iteration of the model showed better 
sorbent distribution with the outermost two lances removed from service.  The sorbent density 
for these two cases is presented in Figure 7 and Figure 8.  Based upon the CFD model results, 
the test team opted to use the 10-lance design for sorbent evaluations at Conesville. 

 
Figure 7.  Sorbent Mass Density with Twelve (12) Lances in Service. 
(Courtesy of REI.) 
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Figure 8.  Sorbent Mass Density with Ten (10) Lances in Service. 
(Courtesy of REI.) 

The factors incorporated into REI’s model to predict mercury removal at Conesville 
included equilibrium adsorption capacity data for HgCl2 provided by URS group, the 
assumption that the adsorption capacity for elemental mercury was twice that for HgCl2, and 
the use of the Freundlich isotherm to model the sorption of mercury species. 

Tests conducted at P4 for ADA-ES by URS Group under DOE contract DE-FC26-
00NT41005 indicate that the equilibrium adsorption capacity is affected by both temperature 
and SO3.  Figure 9 shows that the capacity of DARCO® Hg was reduced by more than 50% if 
injected downstream of the SO3 conditioning system.  In the downstream location, the 
capacity was reduced further at higher temperatures.  A temperature increase from 250 ºF to 
300 ºF in the presence of SO3 decreased the capacity by a factor of 10.  These were important 
considerations for Conesville because the concentration of SO3 was expected to be high, 
based on historic SO3 measurements, and there is a significant temperature gradient in across 
the duct. 

The first REI model runs predicted mercury removal efficiency for DARCO® Hg of 
45% at an injection concentration of 9.95 lb/MMacf.  This included the effects of a 
temperature gradient across the duct at Conesville of about 50 ºF.  The model indicates that 
the temperature will affect mercury removal from side-to-side, but there is little difference in 
the average removal for the unit whether it is modeled as isothermal (44% Hg removal at 
350 ºF) or with the temperature gradient (45% Hg removal at 325 to 375 ºF).  The average 
Hg removal predicted with 12 lances was also similar to that with 10 lances (44% for 12 
lances with the temperature gradient, 45% for 10 lances with the temperature gradient).  
However, the Hg removal predicted at the middle ports was 10% higher with 10 lances 
because of the better sorbent distribution across the ESP.  These predictions were heavily 
dependant on the sorbent capacity curves, which are specific to each site and not available for 
Conesville at the outset of the project. 
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Figure 9.  Equilibrium Adsorption Capacity of Hg0 measured at P4. 

REI ran another scenario to include the influence of high SO3 concentrations on 
sorbent capacity.  When the sorbent capacity was reduced by 50%, the predicted mercury 
removal decreased by 23% (from 45% to 34%) at 9.95 lb/MMacf DARCO® Hg.  Results 
from the model suggest that, because the capacity of DARCO® Hg is significantly reduced in 
the presence of SO3, both the quantity and capacity of the sorbent influence the overall 
removal. 

REI was able to further improve model predictions by incorporating the results of the 
fixed-bed sorbent screening tests when they became available.  Figure 10 shows the 
equilibrium capacities used in the model for Hg0 and HgCl2.  The temperature-dependence of 
capacity was derived from previously published information from URS on fixed-bed 
capacity.  The capacity data were adjusted to fit the measured equilibrium capacity in the 
Conesville flue gas. 
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Figure 10.  Model Equilibrium Adsorption Capacity Curves for DARCO® Hg. 
(Courtesy of REI.) 

The updated simulation results showed that DARCO® Hg, injected at 10 lb/MMacf, 
would give 9–22% mercury removal depending on the reactivity used.  Furthermore, the 
model predicted nominally 6–13% less removal in the hot side of the duct, depending on the 
reactivity used. 

At other test sites, including P4, the capacity of the sorbent was high enough that no 
changes in mercury removal were measured during full-scale injection tests even with SO3 
conditioning in-service.  At P4, and similar sites with sufficiently high sorbent capacity, the 
mercury removal approached diffusion-limited for some particle sizes, meaning the 
performance was limited by how quickly mercury reached a carbon particle.  In the case of 
Conesville, the capacity of the sorbents estimated by REI (based on fixed-bed results) is low 
enough that the mercury removal performance is impacted by the low capacity level.  In 
other words, more mercury is reaching the carbon particle than the particle can adsorb.  
However, if the mercury removal at Conesville was solely capacity-limited, it would 
decrease by half when the capacity was reduced by half, instead of the 23% reduction 
indicated by the model; thus, diffusion limitations at this site remain an area of interest. 
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Baseline Test Results 
Baseline testing (no sorbent injection) was conducted during the week of March 13, 

2006.  The coal fired during baseline came from the CAM-Ohio and Oxford mines, as well as 
from the Conesville coal processing plant (mine not defined).  The coal blend was typical for 
Conesville and produced a weighted average of 3.5% sulfur and 12,920 Btu/lb (dry basis).  
Mercury concentration in these coals varied from 144–268 ng/g.  A summary of select coal 
parameters is presented in Table 9. 

Table 9.  Conesville Unit 6 Baseline Coal Analyses (Dry Basis). 

Mine  
CAM-Ohio Oxford Conesville PP 

Weighted 
Average 

Ash (%) 8.7 13.6 10.1 11.9 
Sulfur (%) 2.4 4.1 2.5 3.5 
Hg (ng/g)* 268 256 144  
Br (μg/g)* 11.8 23 6.1  
Cl (μg/g)* 1140 687 808  
HHV (Btu/lb) 13,710 12,586 13,082 12,920 
% Total Fired** 22 61 17  

* Hg, Br, Cl values from single coal samples, others are average of received loads, dry analysis 
** Percent of total coal fired during baseline testing 

CEMs and Ontario Hydro Measurement Test Results 
Figure 11 shows the Ontario Hydro, STM, and CEM mercury trends at the inlet and 

outlet of the ESP during the baseline test.  The upper plot shows the results for total mercury, 
and the lower, elemental mercury.  The ESP inlet and outlet CEM values trended well 
together given the considerable variability in the mercury concentrations over the course of 
the week (14 to 40 μg/m3).  The CEM and Ontario Hydro measurements indicate little 
mercury removal across the ESP.  Analyses of ash collected during the baseline test also 
show low mercury removed across the ESP as presented in the “Fly Ash Analysis” section, 
which follows. 
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Figure 11.  Baseline Mercury Data from CEMs, Ontario Hydro, and STM. 

Results from the baseline Ontario Hydro runs across the ESP and at the WFGD outlet 
are shown in Tables 10, 11, and 12.  The data are presented by runtime (rows) and sample 
location (columns) to allow comparison of data collected at the same time.  ESP inlet and 
outlet measurements were conducted simultaneously.  Only one WFGD run overlaps ESP 
inlet data.  Table 10 provides a comparison of the Ontario Hydro and CEMs data. 

During the first day of Ontario Hydro testing, the inlet and outlet measurements 
matched the CEM measurements within 20%.  During the second day, the outlet CEM and 
Ontario Hydro matched within 2%.  The outlet STM was within 7% of the CEM.  The inlet 
comparison was not as tight during the second day.  The inlet Ontario Hydro measurements 
were significantly lower than both the CEM and the outlet Ontario Hydro.  The sampling test 
firm re-analyzed the aliquots to determine whether a laboratory artifact caused the lower-
than-expected inlet vapor-phase mercury measurements.  The results of the re-analysis 
indicate that the initial laboratory results met all quality control criteria.  The samples were 
also sent to URS for laboratory quality assurance checks and the mercury measurements 
were confirmed to be low.  The lower-than-expected mercury measurements indicate a 
problem with the operation of the sampling equipment by the sampling crew (see Table 10, 
Inlet #4 run).  Furthermore, all of the manual sample tests performed during the same day by 
the test crew—inlet measurements, particulate, SO3 controlled condensate, etc.—were 
outside of the expected range. 
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The Ontario Hydro data indicate very little mercury removal across the ESP, and little 
particulate-bound mercury at the ESP inlet, except for the two runs at the ESP inlet on 
March 17, 2006.  At both the inlet and outlet of the ESP, vapor-phase mercury speciation is 
predominantly oxidized (about 70%).  The CEMs data at the ESP inlet during the Ontario 
Hydro runs indicate an oxidized fraction of about 60%.  At the WFGD outlet, the mercury 
was predominantly elemental (about 90%). 

The Ontario Hydro data indicated 37% removal across the WFGD, while the CEMs 
data showed 60%.  This suggests that most of the oxidized mercury is removed in the wet 
scrubber.  The CEM elemental mercury at the ESP outlet was low compared to the Ontario 
Hydro measurements. 

 



 

Conesville Topical Report 29 
41986R24 

Table 10.  Ontario Hydro Results at ESP Inlet and Outlet. 

Test ESP Inlet ESP Outlet 

Date Start and End 
Times 

OH 
Part. Hg 

(μg/dNm3) 

OH 
Elem. Hg 
(μg/dNm3) 

OH 
Ox. Hg 

(μg/dNm3) 

OH 
Total Hg 

(μg/dNm3) 

OH 
Part. Hg 

(μg/dNm3) 

OH 
Elem. Hg 
(μg/dNm3) 

OH 
Ox. Hg 

(μg/dNm3) 

OH 
Total Hg 

(μg/dNm3) 

3/16/06 08:55–11:00 0.11 5.32 10.67 16.0 0.003 4.52 11.05 15.57 

3/16/06 11:30–13:35 0.07 5.12 11.83 16.96 0.03 5.26 10.69 15.95 

3/17/06 08:05–10:10* 1.66 4.18 35.54 40.9 0.004 12.6 43.48 56.08 
* Aliquots were reanalyzed by Platt and results showed higher values at the ESP outlet than inlet. 

Table 11.  Ontario Hydro Results at ESP Inlet and WFGD Outlet. 

Test ESP Inlet WFGD Outlet 

Date Start and End 
Times 

OH 
Part. Hg 

(μg/dNm3) 

OH 
Elem. Hg 
(μg/dNm3) 

OH 
Ox. Hg 

(μg/dNm3) 

OH 
Total Hg 

(μg/dNm3) 

OH 
Part. Hg 

(μg/dNm3) 

OH 
Elem. Hg 
(μg/dNm3) 

OH 
Ox. Hg 

(μg/dNm3) 

OH 
Total Hg 

(μg/dNm3) 

3/17/06 11:25–12:58 4.61 7.06 21.94 33.61 0.005 13.61 2.7 16.31 

3/17/06 13:20–15:02 -- -- -- -- 0.005 13.57 0.95 14.53 

3/17/06 15:25–16:59 -- -- -- -- 0.005 7.2 0.78 7.99 
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Table 12.  Comparison of Ontario Hydro Results and CEM Data. 
% Removal ESP 

Location 
and Run 

Date Start and End 
Times 

OH 
Elem. Hg 
(μg/wsm3) 

OH 
Total Hg 

(μg/wsm3) 

CEM 
Elem. Hg 
(μg/wsm3) 

CEM 
Total Hg 

(μg/wsm3) 

% 
Error 
Elem. 

% 
Error 
Total 

OH CEM 

Inlet #2 4.7 14.1 6.0 13.8 -27.3 -1.7 

Outlet #2 
3/16/06 8:55–11:00 

4.0 13.7 --* 14.1 --* -2.9 
2.7 -1.9 

Inlet #3 4.5 14.9 5.3 13.1 -17.8 12.1 

Outlet #3 
3/16/06 11:30–13:35 

4.6 14.0 --* 13.1 --* 6.6 
6.0 0 

Inlet #4 3.7 29.0 15.3 39.4 -317.1 -35.7 

Outlet #4 
3/17/06 8:05–10:10 

11.1 36.4 --* 36.1 --* 0.7 
-48.2 8.2 

* Elemental data not available for this time period. 
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Temperature Stratification 
The temperature across the ESP is stratified because of the air pre-heater design.  

Thermocouples were placed in five sorbent injection ports to monitor temperatures during 
baseline testing.  The average temperature measurements measured on March 16–17, 2006, 
are shown in Table 13 (see Figure 3 for port designations).  The average gradient for these 
days was 75 ºF (290 ºF at Port 2, A-Side; and 365 ºF at Port 10, B-Side). 

Table 13.  Average Temperatures in Sorbent Injection Ports. 

Temperature (ºF) 
 

Port 2 Port 4 Port 7 Port 9 Port 11 
3/16/06 296 315 332 356 368 

3/17/06 288 309 326 350 360 

Fly Ash Analysis 
Ash collected during baseline testing was analyzed for mercury and loss on ignition 

(LOI).  Mercury values from March 15 samples, presented in Figure 12, show that the 
mercury in the inlet field, Field 1, decreases from west to the east (i.e., Hopper 25-cool side 
to Hopper 32-hot side).  However, this trend does not continue in the later fields.  The units 
used in Figure 12 can be converted to mercury concentrations corresponding to 0.06 to 
0.15 lb/TBtu.  For comparison, the Ontario Hydro measurements of March 16 and 17 at the 
ESP outlet produced mercury concentrations of 13.3 to 35.4 lb/TBtu.  This confirms that 
little mercury was removed across the Conesville ESP.  Figure 13 shows that the LOI 
concentrations for the same samples increased from Field 1 to Field 4.  The inlet LOI ranged 
from 0.55 to 0.84%.  The LOI measured in the outlet field ranged from 2.2 to 3.1%. 

The fly ash mercury concentrations from the entire baseline test are presented in 
Figure 14.  As shown, most of the mercury concentrations were below 100 ng/g Hg for all 
rows.  However, some data from March 14 and 17 show higher mercury concentration, but 
even these represent a mercury capture of less than 1 lb/TBtu.  The ash mercury 
concentration in the inlet field was nearly four times higher on the cool side of the ESP, 
indicating that the 75 ºF temperature variation across the duct affects the mercury removal of 
the native fly ash. 

The variation of LOI values in the baseline samples ranged from 0.5 to 5.0 wt%.  Ash 
LOI in the first field was under 1% in all cases, and more concentrated in the back fields.  In 
the first two fields, the mercury content increases with increasing LOI, the middle and outlet 
field do not show the same correlation (see Figure 15).  This may be due to a change in the 
characteristics of the LOI, such as the size, which could influence the mercury content. 
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Figure 12.  Mercury Concentration in Ash Samples from March 15, 2006. 
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Figure 13.  LOI of Hopper Ash Samples from March 15, 2006. 
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Figure 14.  Mercury in Hopper Ash Samples from Baseline Tests. 
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Figure 15.  Mercury Variation with LOI. 
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EPA Method 5/17 Test Results 
Results from EPA Method 17 tests at the ESP inlet indicate average particulate 

loading of 2.276 gr/dscf, and Method 5 results at the ESP outlet averaged 0.005 gr/dscf, for a 
particulate removal of 99.78% across the ESP.  It should be noted that the outlet sampling 
locations are non-ideal in that the gas flow makes a turn just downstream of the sampling 
ports.  This may bias the outlet measurements. 

EPA M26a Test Results 
The test results from EPA Method 26a (halogens) at the ESP inlet and outlet are 

shown in Table 14.  Although, the values vary between the runs, especially for HCl and Cl2, 
there is consistency between the ESP inlet and outlet results.  It is rare to measure more Cl2 
than HCl in the duct, as occurred during the first sampling run at the inlet and outlet.  The 
previously discussed issues with the on-site manual sampling crew’s quality control are a 
potential reason for the unusual results. 

Table 14.  Results from EPA Method 26a Testing. 

ESP Inlet ESP Outlet 

 Run 1 
3/14/06 

10:00–11:08 

Run 2 
3/14/06 

14:25–15:30 

Run 3 
3/14/06 

16:20–17:25 

Run 1 
3/14/06 

10:00–11:08 

Run 2 
3/14/06 

14:25–15:30 

Run 3 
3/14/06 

16:20–17:25 

HCl (ppm) 14.66 61.29 61.99 11.98 90.57 59.76 

HF (ppm) 0.88 2.30 1.94 1.08 3.65 2.37 

HBr (ppm) 0.27 0.53 0.55 0.22 0.47 0.27 

Cl2 (ppm) 30.95 0.03 0.16 28.86 1.32 0.57 

Br2 (ppm) 0.28 0.02 0.02 0.16 0.02 0.02 

EPA M29 Test Results 
EPA M29 (metals) measurements were also conducted during baseline testing.  The 

project team had previously agreed to limit the analysis to mercury, selenium, and arsenic.  
These results are included in Table 15.  There is significant variation in the arsenic and 
selenium concentrations during the three runs, and the calculated removal of these species 
varied widely.  Results from elemental analysis on select coal and ash samples indicate that 
the arsenic and selenium can vary by a factor of three or greater.  This is a potential 
explanation for some of the wide variations in measurements of the elements. 
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Table 15.  Results from EPA Method 29 Testing. 

  
Run 1 
3/15/05 

08:00–09:30 

Run 2 
3/15/05 

11:20–12:50 

Run 3 
3/15/05 

16:15–17:45 
Inlet 17.8 14.3 15.6 
Outlet 22.6 15.1 16.1 Mercury (lb/TBtu) 
% rem -26.9 -5.7 -3.0 
Inlet 34.8 171.2 143.1 
Outlet 37.0 27.7 18.4 Arsenic (lb/TBtu) 
% rem -6.3 83.8 87.1 
Inlet 115.2 105.6 558.0 
Outlet 145.5 77.8 90.5 Selenium (lb/TBtu) 
% rem -26.4 26.3 83.8 

Controlled Condensate (SO3) Test Results 
SO3 measurements were also conducted at the inlet and outlet to the ESP during 

baseline testing.  The preliminary test report indicates 2.6 ppm SO3 at the inlet and 12 ppm 
SO3 at the outlet.  As previously discussed, the manual inlet measurements are questionable 
due to potential sampling procedural errors. 

Parametric Testing Results 
Parametric testing at Conesville confirmed previous results that high-sulfur flue gas is 

a challenging environment for mercury control via sorbent injection.  All results from the 
parametric test phase, including the full-scale injection tests, the sorbent screening tests, and 
any additional analyses are described in the following sections. 

Mercury Removal 
Mercury removal efficiency across the ESP ranged from 5 to 31% at injection 

concentrations of 9 to 18 lb/MMacf for all sorbents tested at full-scale.  Injection tests at 
9.5 lb/MMacf with DARCO® Hg resulted in only 8% removal, slightly less than was 
predicted by the CFD model.  The highest removal attained was 31% using DARCO® E-12 at 
12 lb/MMacf.  The next-highest removal was 25% using Sorbent Technologies EXP-2 at 
10 lb/MMacf.  Although the injection concentrations varied widely, the results indicate that 
none of the sorbents were able to achieve the minimum mercury removal goal of 50% at an 
injection concentration below 10 lb/MMacf.  Figure 16 presents the mercury removal 
efficiency across the ESP for several sorbents tested at full-scale.  An example of the CEM 
mercury trend graphs representing the second week of parametric testing is shown in Figure 
17.  During several later tests, the open-ended dual-injection lance configuration was used on 
the B-Side of the duct.  No significant difference in performance was noted between the half-
duct, open-ended nozzle tests and tests across the entire duct with the multi-nozzle lance 
configuration.  Figure 18 is a compilation of all parametric full-scale test results. 
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Figure 16.  Comparison of Sorbent Effectiveness at Conesville. 
(Mercury was sampled about 4 feet from the top of the duct except for “DARCO® Hg-
bottom,” which was sampled 4 feet from the bottom of the duct.) 
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Figure 17.  CEM Mercury Trend Graph during Parametric Test Week 2. 
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Figure 18.  Parametric Results for Full-Scale Testing at Conesville Unit 6. 

Temperature Variation 
The temperature of the flue gas was consistently 75 ºF higher on the east side of the 

ESP compared to the west side because of the air pre-heater arrangement.  The temperature 
variation was consistent from day to day.  The average temperatures at the injection plane are 
presented in Table 16 for several tests. 



 

Conesville Topical Report 38 
41986R24 

Table 16.  Average Temperatures in the Sorbent Injection Ports. 

Temperature (ºF)  

Port 2 Port 4 Port 7 Port 9 Port 11 

DARCO® Hg 286 308 323 349 359 
DARCO® Hg-LH 286 309 323 351 360 
DARCO E-12 287 307 322 347 357 
Donau Desorex DX700C 285 305 320 346 358 
Calgon RUVn 287 309 324 350 359 
Sorbtech EXP-2 287 306 319 345 358 
DARCO® Hg 288 308 322 348 360 
DARCO® Hg – bottom 286 307 321 347 358 
DARCO® E-14 287 306 320 345 357 
DARCO® E-15 291 307 319 346 361 
DARCO® E-13 290 306 318 346 361 

Stratification Evaluation 
Results from the stratification measurements and CFD modeling indicate that neither 

the distribution grid nor duct layout can completely account for the poor mercury removal 
measured at Conesville.  It is possible that the temperature gradient may have had some 
effect.  The stratification measurement results are presented in more detail in the sections that 
follow. 

Ash Analysis during Sorbent Injection 
Hopper ash samples were collected and analyzed for mercury and LOI throughout 

parametric testing.  To obtain the most representative sample possible for these short-term 
tests, all hoppers were emptied immediately before sorbent injection was initiated. 

Results from the ash analyses were reviewed for any indications of sorbent 
stratification.  An example from samples collected during DARCO® E-12 tests is presented 
in Figure 19 and Figure 20.  As shown, both the mercury and LOI are higher on the west side 
(Hoppers 26 and 28).  However, the LOI is not significantly higher than baseline when 
compared to expected values.  Specifically, at an injection concentration of 12 lb/MMacf, the 
expected increase in LOI is 6.4%.  This assumes a 186 lb/MMacf carbon loading to the ESP 
from incomplete combustion.  The largest increase in LOI was measured in Hopper 28 at 
1.2%, which is well below expected value.  This suggests that the ash samples are not 
representative of the injection concentration.  Because of this, it is difficult to conclude that 
there is sorbent stratification across the duct even though the figures may indicate it is 
present. 
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Figure 19.  Mercury in Hopper Ash from DARCO® E-12 Tests. 

0

0.5

1

1.5

2

2.5

3

3.5

32 30 28 26 32 30 28 26

Hopper

LO
I (

%
)

1.5 hours into injection 3 hours post injection

 
Figure 20.  LOI Carbon in Hopper Ash from DARCO® E-12 Tests. 
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Sorbent Distribution Measurements at the ESP Outlet 
The test team conducted several sorbent stratification tests to determine if the poor 

performance was related to sorbent distribution in the duct.  Figure 21 shows the results for 
one test in which DARCO® Hg was injected and CEM mercury measurements were made at 
two depths in Port 6.  The measurements were made during two distinct injection periods 
and, due to difficulties with the sorbent feeder, the two injection concentrations were not 
identical.  However, the data indicate that stratification from the top to the bottom is 
insignificant because the measured mercury removal was directly related to injection 
concentrations. 
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Figure 21.  CEM Mercury Removal as a Function of Measurement Depth. 

STM and CEM Comparison of Mercury Concentrations 
STM tests were conducted during parametric testing to verify the total mercury 

measured by the Hg CEMs, and to determine if there was stratification across the duct.  The 
STM results are shown in Figure 22 as they compare to the Hg CEMs.  Refer to Figure 3 for 
port locations.  The results show that the STM and Hg CEM data are similar regardless of 
sampling port or sampling depth.  During a series of tests from March 17, 28, and 31, 
measurements were made with the STM and CEM in adjacent outlet Ports 5 and 6.  On 
March 17 and 31, measurements were made in both ports at a depth of 4.5 feet.  Mercury 
concentration using both techniques compared well.  On March 28, an STM sample was 
collected at a duct depth of 11 feet.  The difference from the CEM measurement was less 
than 7%.  If the sorbent loading was appreciably different from the top of the injection lances 
to the bottom, the difference in the outlet measurements would be greater. 
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On March 31, STMs were done on the east and west ducts in Ports 5 and 2.  The 
CEM, installed in Port 6, compared well with STM measurements in both Ports 2 and 5, 
suggesting there was insignificant variation in sorbent loading from the east to west.  
However, because lower removal is expected at higher temperatures, and the east side of the 
duct operates at higher temperatures than the west side, it can be argued that since the 
mercury concentrations from side to side show little difference, there may be higher sorbent 
loading on the east side to compensate for the higher temperatures.  Since the carbon 
injection system is symmetrical from east to west, no stratification was expected. 
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Figure 22.  Mercury Stratification STM and CEM Results. 
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Mercury Removal at the ESP Outlet  
On May 9, DARCO® E12 was injected at 8 lbs/MMacf for a period of 5 hours using 

the multi-nozzle lances.  During this period, duplicate STM tests were conducted at depths of 
5 and 10 feet across the ESP outlet to determine if there was any mercury stratification.  
Figure 23 shows the mercury concentrations as measured by the STMs and the CEM.  For 
reference, the ESP outlet mercury CEM was sampling in Port 6 at a depth of 4.5 feet. 
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Figure 23.  ESP Outlet Mercury with DARCO® E12 and Multi-Nozzle Lances. 

CFD modeling of the multi-nozzle lances at other plants indicated that most of the 
sorbent exits the bottom nozzle of the injection lance, resulting in higher mercury removal at 
the bottom of the duct.8,9  As shown in Figure 23, there is not a significant amount of top-to-
bottom variation in the mercury concentrations measured at the ESP outlet.  The average 
mercury concentration at 5 feet was 11.3 lb/TBtu and the mercury concentration at 10 feet 
was 10.9 lb/TBtu.  The mercury concentration on the east side of the duct is slightly higher 
than the west, indicating that there may be some side-to-side sorbent stratification.  Trap 2 
from the 10-foot-deep Port 7 STM set was not included in these averages because it is likely 
an outlier. 

For comparison, on May 10, DARCO® E12 was injected at 8 lbs/MMacf for a period of 
5 hours using an array of single-nozzle lances.  This test was conducted only on the east half of 
the unit with 2 lances installed in each port at depths of 5 and 10 feet.  Figure 6 shows the 
single-nozzle injection array.  Duplicate STM measurements were made on the east half of the 
ESP outlet.  As shown in Figure 24, there was no significant top-to-bottom, and some minor 
side-to-side, mercury stratification across the ESP outlet, suggesting that the single-nozzle 
lance array does a reasonably good job of distributing the carbon equally in the flue gas. 
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Port 1 2 3 4 5 6-CEM 7 8 Average 

5 feet     11.4   14.1 12.8 

10 feet         14.6   13.8   14.2 

Average     13.0  13.8 14.1  

Figure 24.  ESP Outlet Mercury with DARCO® E12 and Single-Nozzle Lances (no 
injection on A-Side). 

The results from STM measurements at the ESP outlet suggest the multi-nozzle and 
single-nozzle injection arrays distribute the sorbent reasonably well; however, because the 
mercury removal achieved during the testing is relatively low (16%), only small differences 
in the measurements are expected. 

ESP Inlet Hopper Ash Analysis 
Samples collected from the ESP inlet hoppers during the stratification testing provide 

additional information on sorbent distribution and mercury stratification.  Figure 25 shows 
the mercury concentration of the ash collected by the ESP inlet field during injection of 
DARCO® E12 using multi-nozzle lances.  The mercury concentration in the ash is higher on 
the west side of the unit than the east.  Figure 26 shows that generally there is more LOI on 
the west side of the ESP than the east.  Similar results were obtained during the stratification 
testing using the single-nozzle lances as shown in Figure 27 and Figure 28. 
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Figure 25.  ESP Inlet Hopper Ash Mercury Stratification with Multi-Nozzle Lances. 
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Figure 26.  ESP Inlet Hopper Ash LOI Stratification with Multi-Nozzle Lances. 



 

Conesville Topical Report 45 
41986R24 

0

1

2

3

4

5

6

Hopper 29 Hopper 30 Hopper 31 Hopper 32

H
g 

C
on

c.
 (l

b/
TB

tu
)

1 2 3 4 5 6 7 8

ESP Outlet
Ports1 2 3 4 5 6 7 8

ESP Outlet
Ports

 
Figure 27.  ESP Inlet Hopper Ash Mercury Stratification with Single-Nozzle Lances. 
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Figure 28.  ESP Inlet Hopper Ash LOI Stratification with Single-Nozzle Lances. 
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Six additional sorbents were injected using the single-nozzle lances following the 
DARCO® E12 injection tests, and similar trends in ESP inlet hopper ash mercury 
concentration and LOI were seen as shown in Figure 29 and Figure 30.  In Figure 31, the 
mercury concentration in the ash is directly proportional to the amount of LOI in the ash.  
These data indicate more clearly that the sorbent is not distributed uniformly from side to 
side as indicated by the LOI and mercury content in the hopper ash. 
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Figure 29.  ESP Inlet Hopper Ash Mercury from Six Sorbent Tests with Single-Nozzle 
Lances. 
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Figure 30.  ESP Inlet Hopper Ash LOI from Six Sorbent Tests using Single-Nozzle 
Lances. 
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Figure 31.  Relationship between LOI and Mercury in ESP Inlet Hopper Ash. 

Although both the STM and ash analysis results indicate that more sorbent is entering 
the west side of the ESP, this amount of stratification is not expected to be the cause of the 
poor mercury removal results.  For reference, the highest mercury removal achieved based on 
the ash samples was only 2.7 lb/TBtu compared to an ESP outlet concentration of about 
11 lb/TBtu. 

ESP Performance 
ESP performance was affected by some sorbents in terms of spark rates and power.  

Opacity spikes were noted during some tests.  Results of ESP performance monitoring are 
presented in the sections below. 

Spark Rates and Power 
Most of the sorbents tested resulted in increased sparking in the ESP.  Moreover, 

spark rate generally increased as sorbent concentration increased as shown in Figure 32.  The 
increase in sparks per minute in the TR sets corresponding to the first two mechanical fields 
is shown in Figure 33.  There are two TR sets per mechanical field (as defined by the hopper 
locations) and the spark rate in these two electrical fields was averaged to simplify the 
presentation of the results.  Thus, spark rate in TR sets A and C was averaged for Field 1 on 
the east side (B-Side), and B and D were averaged for Field 1 on the west side (A-Side).  As 
shown in Figure 33, the impact of sorbent injection on spark rate was much more pronounced 
on the B-Side than on the A-Side.  During these tests, sorbent was being injected upstream of 
both sides of the ESP. 
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Figure 32.  Impact of Sorbent Injection on Spark Rate. 

One theory that may explain the impact of sorbent in ESP performance is the 
interaction of the sorbent with SO3.  SO3 concentration affects the resistivity of the fly ash 
and the resulting behavior of the ESP as ash is collected.  The effect of SO3 on resistivity 
trends towards zero as the temperature approaches 350 ºF, with an insignificant effect at 
temperatures greater than 350 ºF.  The data shown in Table 5-8 indicate that the temperature 
of the B-Side during high load operation ranges from 319 to 361 ºF and that the A-Side 
ranges from 285 to 309 ºF.  Any changes in the SO3 concentration due to sorbent injection 
should have a greater impact on the B-Side of the duct because more SO3 is required to 
improve the resistivity at higher temperatures than at lower temperatures.  Thus, the impacts 
on ESP performance noted do not necessarily indicate higher sorbent loading on the east side 
compared to the west. 

The data presented in Figure 33 and Figure 34 appear to suggest that the impact of 
sorbent injection on ESP spark rate is worse in the outlet fields.  However, the ESP was often 
spark-rate limited in some of the inlet fields prior to beginning injection.  Therefore, no 
increase in spark rate was recorded for these inlet fields.  Reference Figure 3 for a sketch of 
the ESP layout and TR set identification. 

In addition to mercury measurements, ADA-ES pulled one lance on each side to 
determine if deposits were forming, which could cause sorbent maldistribution.  No visible 
differences in the lances were noted.  The sorbent feed system has two feeder trains, one for 
each side of the duct.  To determine if the feeder train influenced ESP operation, the trains 
were switched on March 23, 2006.  No changes in ESP operation were noted. 
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Figure 33.  Increase in Spark Rate during Sorbent Injection—Inlet Fields. 
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Figure 34.  Increase in Spark Rate during Sorbent Injection—Outlet Fields. 
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For reference, the spark rate for TR Sets A through I on the east side are presented in 
Figure 35.  As shown, it is obvious that the ESP is responding to sorbent injection by the 
increased sparking on several TR sets.  The ESP power was also reduced on several TR sets 
during sorbent injection.  This is shown for the inlet fields in Figure 36 and Figure 37, where 
the data are presented as a percent of baseline power.  It appears that the largest impact was 
seen in TR sets C, D, E, and F, where the power during sorbent injection was often less than 
70% of the power prior to injection (baseline).  Although not shown graphically, there was 
little change in the ESP power on the outlet TR sets due to sorbent injection. 
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Figure 35.  B-Side ESP Spark Rate in Fields A-I during Parametric Week 2. 
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Figure 36.  Relative ESP Power during Sorbent Injection—TR Sets A–D. 
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Figure 37.  Relative ESP Power during Sorbent Injection—TR Sets E–H. 
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Duct Opacity 
The instantaneous duct opacity was monitored closely during injection tests.  The 

average duct opacity on the A-Side (west) and B-Side (east) ducts, for one hour before each 
injection period, and during the injection periods, are presented in Figure 38.  As shown, 
DARCO® E-12, the sorbent with the highest mercury removal efficiency, also caused the 
largest increase in duct opacity (A-Side increased from 4.0% to 6.6% and the B-Side 
increased from 5.9% to 10.2%).  The average opacity was unchanged or decreased when 
most of the other sorbents were injected.  Although the opacity was relatively unchanged, the 
maximum opacity spikes increased significantly for several sorbents, especially when these 
materials were injected at concentrations greater than 10 lb/MMacf.  These results are 
presented in Figure 39. 
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Figure 38.  Average Duct Opacity One Hour Before and During Sorbent Injection Tests. 
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Figure 39.  Change in ESP Outlet Opacity due to Sorbent Injection. 
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Ash and Carbon Analysis 
Fresh samples of DARCO® Hg and DARCO® E-12 were sent to ISGS for surface 

area analysis along with fly ash samples collected in the inlet hoppers during injection of 
these sorbents.  The results suggest that the surface area of the carbon fraction is reduced 
when exposed to Conesville flue gas.  The data also suggest that DARCO® E-12 was affected 
less than DARCO® Hg.  These data are presented in Table 17. 

The ash and carbon data, in conjunction with the flue gas measurements mentioned 
previously, indicate that the sorbent capacity is altered by exposure to the flue gas at 
Conesville. 

Table 17.  Surface Analyses Results of PAC and Fly Ash + PAC. 

Sample LOI % Sorbent % SA 
m2/g 

SA of 
Mixture 
m2/g C 

SA of 
Sorbent 
m2/g C 

5474 
DARCO® Hg 67 100 471.63 703.93 703.93 

5471 
DARCO® E-12 67 100 365.14 544.99 544.99 

5242 
Fly Ash Only 0.51 0 0.42 82.35 ---- 

5389 
Fly Ash + DARCO® Hg 3.29 4.18 12.40 376.90 433.02 

5403 
Fly Ash+ DARCO® E-12 2.90 3.59 13.00 448.28 528.53 

Sorbent Screening Results and Discussion 
Forty-six (46) materials were tested in three rounds of fixed-bed screening tests at 

Conesville using the SSDs.  Thirty-six (36) samples were evaluated during the first round, 
seventeen (17) during the second round, and seven (7) during the third round.  Some 
materials were tested in more than one round.  An analysis of the results is included in this 
section along with a discussion of operating conditions that may have affected the results. 

Non-Ideal Operating Conditions and Modifications to the SSD 
To prevent SO3 from condensing in the SSD sample lines during testing, care must be 

taken to heat all surfaces above the acid dew point temperature without increasing the 
temperature above the test temperature.  A curve showing the acid dew point temperature in 
flue gas with 8 to 12% moisture is shown in Figure 40.  For many sites, this is not an issue 
because the SO3 concentration are low and slight variations in flue gas temperature will not 
cause the temperature to fall below the acid dew point temperature.  At Conesville, however, 
even a small change in temperature below the extraction temperature (duct temperature) can 
result in a significant change in SO3 concentration as the SO3 reacts with moisture to form 
sulfuric acid droplets. 
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Figure 40.  Acid Dew Point Curve at 8–12% Flue Gas Moisture. 

During the first round of SSD tests, the sample probe was not heated adequately.  At 
completion of the field tests, the inlet probe tubing was found to be more than half plugged 
with a greenish deposit, likely SO3 and fly ash, at the point where the gas sample entered the 
unheated portion of the sample port nipple.  A heated mantle was added to the inlet probe to 
prevent SO3 condensation during the second round of tests.  And even though all sample 
lines were installed within a heated enclosure, condensation was noted in the Teflon® tubing 
before the sorbent bed following the first two tests of the second round SSDs, which may 
have removed some of the SO3 from the sample gas entering the beds.  This tube was 
subsequently heat traced. 

In addition to problems with temperature control, one of the two sampling consoles 
was malfunctioning during the second round of tests and the gas volumes recorded were not 
correct.  Based on comparisons with the total mercury concentration measured with the 
second sampling console, the volumes recorded were often significantly below the actual 
volume.  A post-test evaluation confirmed that the actual volumes were higher than those 
recorded by the gas meter. 

Because of difficulties eliminating cold spots in Rounds 1 and 2, a third round of 
tests was conducted using a Thermo Hg CEM to monitor mercury concentrations 
downstream of the sorbent beds.  Round 3 tests required installation of a larger sorbent bed 
on the tip of the sampling probe.  Locating the sorbent bed on the tip of the probe prevented 
SO3 condensation in the sample lines, as in Rounds 1 and 2. 
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Sorbent Test Results 
Figure 41 shows the mercury concentration measured at the outlet of the sorbent bed 

from Round 3 testing as the test progressed.  Data from Rounds 1 and 2 are not included 
because of sampling issues.  During one test, the bed consisted only of sand (no sorbent) to 
assure that no removal was occurring in the system.  For this test, the CEM measured the 
same mercury concentration as the ESP inlet CEM.  Between tests, the sorbent bed was 
removed and the probe was reinserted so that measured mercury concentration could be 
compared to inlet CEM value. 

The breakthrough curves shown in Figure 41 are indicative of ineffective sorbents.  
EPRI has conducted thousands of fixed-bed screening tests.  The shape of the breakthrough 
curve for an effective sorbent would show a period of very low emissions followed by a rapid 
transition to breakthrough where the outlet concentration would equal the inlet concentration.  
For all Round 3 sorbents, there was a rapid transition to partial breakthrough (40 to 75%) 
followed by a long trend to full breakthrough. 
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Figure 41.  Mercury Removal Trends from Sorbent Screening Tests—Round 3. 

The concentration data from the Hg CEM was further analyzed to determine the 
relative performance of the sorbents.  Sorbent capacity is often reported as µg Hg captured 
per gram of sorbent, normalized to a duct mercury concentration of 50 µg/m3.  For most of 
the sorbents screened at Conesville, the test was terminated prior to reaching “equilibrium 
capacity” or the point where the sorbent is saturated and cannot remove additional mercury.  
For the data presented in Figure 41, the saturation point is defined when the mercury 
concentration at the outlet of the bed is equal to the inlet concentration. 
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Figure 42 presents the same set of data with the sorbent-to-gas ratio on the X-axis 
rather than the test time.  The sorbent-to-gas ratio was multiplied by 5 in this figure as a 
rough estimate of the injection concentration that might be required at Conesville for similar 
mercury removal.  The factor of 5 is based on the estimated effectiveness of sorbent injection 
upstream of ESP’s versus upstream of a baghouse.  The data suggests that all of the sorbents 
would require injection concentrations above the estimated 10 lb/MMacf to achieve 50% 
removal. 
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Figure 42.  Cumulative Mercury Removal Compared to Sorbent-to-Gas Ratio. 
Note:  Round 3 Tests are Trends; Round 2 are Single Points. 

Three corrected runs from the Round 2 SSD tests are included in Figure 42 (as single 
points) for cross-reference.  The Round 3 results indicate similar sorbent performance to the 
Round 2 results.  The flow monitoring venturi on the Thermo CEM probe was not calibrated 
prior to the Round 3 tests and it is possible that the actual sorbent-to-gas ratio is slightly 
different from the value shown.  Calibrations were conducted on this venturi in January 2006.  
Equipment to allow on-site calibration of the venturi was used prior to any additional SSD 
testing. 

Two tests were allowed to run until the sorbents reached saturation (outlet 
concentration equaled the inlet concentration).  The results indicate that the equilibrium 
adsorption capacities for these sorbents were: 

DARCO® Hg-LH  121 µg Hg/g sorbent normalized to 50 µg/sm3 
DARCO® E-22 195 µg Hg/g sorbent normalized to 50 µg/sm3 
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The data collected during Round 3 can be analyzed in numerous ways.  The goal for 
the DOE project at Conesville is to achieve at least 50% mercury removal.  Therefore, the 
mercury loading of the sorbents from the Round 3 tests at 50% cumulative mercury capture 
were calculated and are presented in Table 18.  The mercury concentration in the Conesville 
flue gas can vary significantly.  For illustration purposes, the sorbent-to-gas (S/G) ratio 
calculated at a concentration of 20 µg/sm3 is included in the table.  This was calculated using 
the following equation: 

S/G = 40.382(R)/SR x 50 

Where R = Fractional mercury removal = 0.5 
 SR = mercury loading on sorbent at R Hg removal 
 1 µg/sm3 = 40.382 E –6 lb/MMacf 

The ratio of sorbent-to-gas ratio shown in Table 18 is expected to be similar to the 
sorbent required for full-scale injection into a fabric filter.  The sorbent required for full-scale 
injection into an ESP is estimated to be between 5 to 10 times higher based upon previous 
full-scale tests.  The estimated sorbent requirements are also included in Table 18. 

Table 18.  Summary of Sorbent Usage Projections for Conesville. 

Sorbent 

Cumulative Hg 
Collected in Bed 
(µg Hg/g sorbent 
normalized to 50 

µg/sm3  
at 50% Hg removal) 

Sorbent-to-gas ratio 
for 50% removal at 
20 µg/sm3lb/MMacf 

Estimated Injection 
Concentration 

Required for 50% 
removal at 20 µg/sm3 
(= 5x sorb/gas ratio) 

lb/MMacf 
DARCO® Hg-LH 59.1 17.1 85 
DARCO® E-22 60.4 16.7 84 
DARCO® E-24 69.6 14.5 73 
DARCO® E-23 94.3 10.7 54 
DARCO® Hg 96.7 10.4 52 
DARCO® E-21 96.7 10.4 52 
DARCO® E-12 162.4 6.2 31 
 

SSD Compared with Full-Scale Injection Tests 
Data from the full-scale injection tests are compared with the Round 2 SSD results in 

Figure 43.  Not all full-scale results are included on this plot (several that were not tested in 
the SSD are omitted).  The SSD data falls into the same range as the full-scale injection data.  
Note that the injection concentration shown for the SSD data is 5 times the sorbent-to-gas 
ratio. 
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Figure 43.  Comparison of Full-Scale Injection and SSD Results. 

KNX Test Results 
Prior to the start of KNX testing, the average total vapor-phase mercury 

concentrations at the inlet and outlet of the ESP were 25.7 µg/sm3 and 24.7 µg/sm3, 
respectively.  The mercury concentration at the outlet to the WFGD was 7.2 µg/sm3.  This 
represents very little vapor-phase mercury capture across the ESP and 72% removal across 
the WFGD. 

Figure 44 is the mercury trend graph over the course of KNX testing, with the start of 
KNX and DARCO® Hg injection indicated.  Without sorbent injection, KNX alone did little 
to reduce ESP outlet mercury emissions.  The combined mercury removal across the ESP and 
WFGD increased from 72% to 76% with KNX only.  During DARCO® Hg injection, only 
half of the unit was treated.  Mercury was monitored downstream of the WFGD on the side 
without carbon injection.  Thus, the mercury emissions at the outlet of the WFGD did not 
change when sorbent injection began. 
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Figure 44.  Trend Graph of Mercury Emissions during KNX Testing. 

At 8 lb/MMacf DARCO® Hg and with KNX addition to the coal feed at 11.6 gph, the 
average incremental mercury removal across the ESP was 15.6%.  This is approximately the 
same amount of mercury removal achieved with nearly twice the loading of DARCO® Hg-
LH.  However, it is still well below the target of 50% removal. 

Speciation measurements during KNX testing were made at the ESP inlet.  Prior to 
KNX injection, the fraction of oxidized mercury at the ESP inlet was 40 to 50%.  During 
KNX injection, the average fraction of oxidized mercury at the inlet of the ESP was 
nominally 50%.  No speciation measurements were made at the outlet of the ESP during this 
test period.  Since the WFGD cannot remove elemental mercury and over 70% mercury 
removal was measured across the WFGD, it is possible that there was either some oxidation 
across the ESP, or the inlet CEM was not reporting the correct fraction of elemental mercury.  
STM measurements at the WFGD outlet agree with the CEM at this location. 
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DISCUSSION AND RECOMMENDATIONS 

One of the overall objectives for Conesville was to find a sorbent(s) that could 
achieve 50 to 70% mercury removal across the ESP in the high-sulfur flue gas.  Over forty 
sorbents from multiple vendors, many specifically formulated to address a high-sulfur 
environment, were tested in the SSD and eighteen injected at full-scale.  None of the sorbents 
tested at Conesville achieved the target mercury removal at full-scale nor during the Round 3 
SSD tests.  It is thought that the relatively high SO3 concentration in the flue gas may be 
interfering with mercury capture by the sorbents.  General observations and conclusions from 
testing conducted at Conesville include: 

• Native (baseline) mercury levels and removal: 
- ESP native mercury capture is very low at Conesville, from 0 to 20%.  The 

mercury is 60 to 70% oxidized at the ESP outlet (upstream of the WFGD) and 90% 
elemental at the WFGD outlet. 

- Most of the oxidized mercury is removed in the WFGD. 
- Mercury ranges from 13 to 33 lb/TBtu at the ESP. 

• Parametric Testing: 
- Most of the eighteen sorbents tested at full-scale increased T/R set spark rates, 

decreased power levels, and/or impacted opacity. 
- Several sorbents demonstrated some improvement over the benchmark sorbent, 

DARCO® Hg. 
- The maximum incremental removal by a sorbent was approximately 31% 

(DARCO® E-12 at 12 lb/MMacf).  The next highest removal was 25% (Sorbent 
Technologies EXP-2 at 16 lb/MMacf).  Both of these sorbents had an opacity 
impact that would require further evaluation. 

- Changing the injection lance design did not improve mercury removal. 
- Injecting the coal additive KNX resulted in a marginal improvement in the 

mercury removal across the ESP + WFGD from 72 to 76%. 
- Mercury removal using the benchmark sorbent increased from 8% at 9.5 lb/MMacf 

DARCO® Hg to 15.6% at 8 lb/MMacf DARCO® Hg when injected with the coal 
additive KNX. 

• Options for improving performance: 
- Improved sorbents 
- Control SO3, possibly with alkali co-injection 
- Inject PAC upstream of APH 

• The mercury CEM installed at Conesville demonstrated extended, unattended 
operation with fairly reliable performance. 

• The total mercury from STM tests have compared favorably with CEM 
measurements.  At both the ESP inlet and outlet locations, and on the east and west 
sides, directly comparable samples are within 10%, with few exceptions. 
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The challenges identified and characterized at Conesville stemming from the high 
concentration of SO3 in the flue gas may represent a larger obstacle to mercury control for 
the industry than just units that fire high-sulfur coal.  The presence of SO3 in flue gas appears 
to decrease mercury capture by activated carbon, sometimes dramatically.  SO3 may be 
present in sufficiently high concentration in several common plant configurations including 
low-sulfur units using SO3 for flue gas conditioning and units where an SCR converts 
sufficient SO2 to SO3.  Although some sorbents performed better than the benchmark 
sorbents, DARCO® Hg and DARCO® Hg-LH, in general the sorbents tested at Conesville did 
not show significant mercury removal.  However, the more promising sorbents may perform 
well in plant configurations with slightly lower SO2 and/or SO3 in the flue gas. 

A goal of this DOE/NETL program is to achieve 50 to 70% mercury capture across 
the ESP.  Because this goal was not reached at Conesville, the test team recommended to 
DOE that testing be continued at Ameren’s Labadie Power Plant, a site firing PRB coal and 
using SO3 for flue gas conditioning.  Testing at Labadie has been completed and results 
provide additional insight into the impact of lower levels of SO3 (5 to 10 ppm) on PAC 
performance.  Labadie test results will be published in U.S. DOE Cooperative Agreement 
No. DE-FC26-03NT41986 Topical Report No. 41986R25, 2008.  Additional testing was also 
conducted by ADA-ES through DOE contract DE-FC26-06NT4278 at Public Service of New 
Hampshire’s Merrimack Station, a site that fires a low- to medium-sulfur coal and uses an 
SCR for NOX control.  The SCR at Merrimack converts some of the SO2 to SO3 so that the 
resulting flue-gas SO3 concentration is typically over 10 ppm.1  Results from testing at 
Merrimack indicate that if the SO3 concentration can be reduced, such as by injecting Trona 
to remove the SO3, mercury removal in excess of 70% can be achieved.  Because some of the 
alkali-treated sorbents impacted ESP performance and opacity at Conesville, additional 
testing at a site like Conesville would be required to determine whether the SO3 
concentration could be significantly reduced without impacting ESP operation. 
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APPENDIX A:  Conesville Test Plan 
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Project Objectives 

The objective of testing at AEP’s Conesville Power Plant is to determine the cost 
and effects of sorbent injection for control of mercury in stack emissions.  Conesville 
Power Plant is located near Coshocton, OH.  The project will evaluate the effects of 
sorbent injection on an electrostatic precipitator (ESP) and wet flue gas desulphurization 
(wet-FGD) scrubber on mercury speciation and sorbent performance.  Tests are planned 
for the 400 MW Unit 6. 

Project Overview 

This test is part of an overall program funded by the Department of Energy’s 
National Energy Technology Laboratory (NETL) and industry partners to obtain the 
necessary information to assess the feasibility and costs of controlling mercury from coal-
fired utility plants.  Host sites that will be tested as part of this program are shown in 
Table 1.  These host sites reflect a combination of coals and existing air pollution control 
configurations representing 78% of existing coal-fired generating plants (approximately 
950 plants producing a combined 245,000 MW) and potentially a significant portion of 
new plants.  These four host sites will allow documentation of sorbent performance on 
the following configurations: 

Table 1.  Host Sites Participating in the Sorbent Injection Demonstration Project 

 Coal / Options APC Capacity (MW) / 
Test Portion 

Current Hg 
Removal 
(%)* 

Sunflower Electric’s 
Holcomb Station 

PRB & Blend SDA – Fabric 
Filter 

360 /  
180 and 360 

<15 

Basin Electric’s 
Laramie River 
Station  

PRB SDA - ESP 550/138 <10 

DTE Energy’s 
Monroe Station 

PRB – E. Bit. 
Blend 

SCR - ESP 785/196 <50 

AmerenUE’s 
Meramec Station 

PRB ESP  140 / 70 <25  

American Electric 
Power’s (AEP) 
Conesville Station 

Bituminous ESP + Wet 
FGD 

400 / 400 ~50 
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Conesville Unit 6 was chosen as part of this evaluation because it fires a high 
sulfur bituminous coal and is configured with an ESP followed by a wet-FGD.  This 
combination will allow an evaluation of the effects of higher sulfur levels on the mercury 
removal performance of injected sorbents and the impact of injected sorbents on the 
performance of the ESP and wet-FGD.  During testing, firing a blend of subbituminous 
Power River Basin coal (PRB) is scheduled to determine if the native mercury removal or 
mercury removal with injected sorbents can be improved.   

Host Site Description: Conesville Unit 6 
AEP’s Conesville Power Plant is located near Coshocton, OH.  The Unit 6 boiler 

is a 400 MW Combustion Engineering (ALSTOM) designed tangential fired PC unit that 
normally fires high sulfur eastern bituminous coal.  The unit is equipped with cold-side 
Research Cottrell ESPs.  Flue gas is drawn through the ESPs via ID fans.  The ID fans 
discharge flue gas into two Universal Oil Products wet lime absorber modules.  The 
modules have partial bypass capability and have been retrofitted with a B&W tray design.  
The system is typically operated with the bypassed closed.  The bypass valves have a 
design leak rate of 5% of the flow.  A sketch of the unit layout is presented in Figure 1.  
Testing is planned for the entire 400 MW unit. 

Unit 5

Unit 6

ES
P

ES
P

Scrubbers Stack

ESP Outlet Sampling
Scrubber Outlet Sampling

Inlet Sampling

Injection

ID Fans

 

Figure 1.  Layout sketch of Conesville Units 5 and 6 
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Table 2.  Conesville Key Operating Parameters 

Unit 6 

Size (MW) 400 

Test Portion (MWe) 400 

Coal High sulfur Ohio Basin Bituminous 

 Heating Value (as received) 11,020 

 Sulfur (% by weight) 3.31 

 Chlorine (ppm dry) 273 

 Mercury (ppm dry) 0.381 

Particulate Control Cold Side ESP 
SCA = 301 ft2/kacfm 

Sulfur Control Wet FGD 

Ash Reuse FGD Sludge Stabilization 

 

General Technical Approach 

Activities at each test site in this program are divided into the seven tasks shown 
in Table 3.  These tasks provide the outline for the test plan. 

Table 3.  Site-Specific Tasks 

Task Description 
1 Host site kickoff meeting, test plan, and sorbent selection 
2 Design and installation of site-specific equipment 
3 
 3.1 
 3.2 
 3.3 
 3.4 
 3.5 

Field Tests  
 Sorbent selection 
 Sample and data coordination 
 Baseline tests 
 Parametric tests 
 Long-term tests 

4 Data analysis 
5 Sample evaluation 
6 Economic analysis 
7 Site report 

Task 1.  Host Site Planning and Coordination 
Efforts within this task include planning the site-specific tests with AEP and 

Conesville Power Plant, DOE/NETL, and contributing team members.  ADA-ES visited 
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the site on November 13, 2004 to discuss potential equipment and port locations.  
Additional communications between ADA-ES and AEP personnel have been conducted 
to discuss topics such as the plant operation, port and silo installation, and host site 
agreements.  The host site agreement, installation document, and test plan will be 
finalized during this task.  Other efforts include identifying any permit requirements, 
finalizing the site-specific scope for each of the team members, and putting subcontracts 
in place for manual (Ontario Hydro, M26a, etc.) sampling services.  A site kickoff 
meeting was held on March 1, 2005. 

The host site will be responsible for preparing sampling and injection ports prior 
to testing.  A document describing the new port locations and port specifications will be 
delivered to plant personnel during the site kickoff meeting and was finalized following a 
duct inspection during the outage in April, 2005.  Installation of the new test ports was 
completed in the fall, 2005.   

The site will also be responsible for obtaining samples of coal, ash, FGD sludge, 
and other solid and liquid samples during the testing program.  A sample management 
plan describing what samples will be collected and their frequency of collection will be 
issued following the pre-test meeting on February 7, 2006.  Coal samples will be 
collected “as received” from the trains arriving at the plant.  As coal is received at the 
plant, it is typically fed directly to the bunkers.  If during testing, coal is brought into the 
bunkers from the coal pile, the belt delivering coal to the bunkers will be stopped 
periodically to collect an across-the-belt sample.  Ash samples will be required from 
multiple ESP hoppers to identify variations in mercury and carbon throughout the ESP 
(front-to-back and side-to-side).   

Sorbent Selection 

A key component of the planning process for these evaluations is identifying 
potential sorbents for testing.  The test program allows for the evaluation of up to three 
different sorbents.  DARCO Hg, a lignite-derived activated carbon supplied by NORIT is 
considered the benchmark for these tests because of its wide use in DOE and EPRI-
sponsored testing.  Potential alternative sorbents include those that may be more effective 
than DARCO Hg, or sorbents that are effective but cost less per pound.  Examples that 
have demonstrated improved effectiveness on high sulfur sites will be considered.  
Sorbent vendors and developers have been invited to submit proposals for inclusion of 
their sorbents in the program.  Sorbents were screened in November 2005 and February 
2006.  Sorbents will be chosen for parametric testing based upon results from screening 
tests, and a review of relative sorbent costs and availability and potential balance-of-plant 
impacts. 

Task 2.  Design, Fabricate, and Install Equipment 
Site-specific equipment includes the sorbent distribution manifold and sorbent 

injection lances.  These must be designed and fabricated for each test site.  Other 
equipment, such as the injection feeder/silo and mercury analyzers are used at all sites.  
Required site support at Conesville includes installation of required ports, platforms and 
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scaffolding, supplying compressed air and electrical power, wiring plant signals including 
boiler load to the silo control panel, and balance of plant engineering.  Table 4 presents a 
representative split of responsibilities on key equipment and activities between ADA-ES 
and Conesville.  A foundation for the silo will also be required.  ADA-ES engineers 
worked with plant engineers to develop an installation package, and worked with the 
construction crew during installation activities. 

Table 4.  Scopes of Work for Sorbent Injection System 

ADA-ES Transportable System Provided by Host Site 
Injection Silo and Feeder Foundation and power 
Sorbent Injection System Injection ports 
Sorbent Distribution Manifolds Test ports 
Conveying Hose (400 ft) Access platforms 
Sorbent Injectors Installation labor 
PLC Controls  Compressed air 
Hg CEMs Power, Compressed Air 
Office Trailers (est. 3) Signal Wiring / Telephones / Power 
 

ADA-ES will oversee installation and system checkout of the mercury control 
equipment.  If necessary, ADA-ES is capable of taking responsibility for all phases of the 
installation, except for final connections into plant utilities.  ADA-ES will work with 
Conesville personnel to assure that the equipment is installed in an efficient manner, 
within the resources available at the site. 

ADA-ES will be responsible for the final checkout of all systems and for the 
general maintenance of the systems during testing.  At least one engineer or technician 
who is solely dedicated to the operation of the equipment will be on-site or on-call for all 
tests.  The actual equipment installation, not including preparation tasks, is estimated to 
take two weeks.  This includes time for checkout and troubleshooting.  ADA-ES will also 
install the mercury monitors at Conesville. 

Conesville will be responsible for all permitting and any variance requirements.  
ADA-ES can assist by providing information to or meeting with regulatory agencies as 
required. 



6 

Sorbent Injection System Description 

The carbon injection system, shown installed at Holcomb in Figure 2, consists of 
a bulk-storage silo and twin blower/feeder trains.  PAC is delivered in bulk pneumatic 
trucks and loaded into the silo, which is equipped with a bin vent bag filter.  From the 
discharge section of the silo, the sorbent is metered by variable speed screw feeders into 
eductors that provide the motive force to carry the sorbent to the injection point.  
Regenerative blowers provide the conveying air.  A PLC system is used to control system 
operation and adjust injection rates.  The unit is approximately 50 feet high and 10 feet in 
diameter with an empty weight of 10 tons.  The silo will hold 20 tons of sorbent.  Flexible 
hose carries the sorbent from the feeders to distribution manifolds located on the flue gas 
ducts, feeding the injection probes.  Each manifold supplies up to six injectors. 

A sketch of the ESP inlet at Conesville showing the injection port locations is 
shown in Figure 3.  Flow modeling studies completed by REI suggest that the lance 
arrangement will provide good sorbent distribution into the ESP. 

Figure 2.  Carbon Injection Storage Silo and Feeder Trains Installed at Holcomb  
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Figure 3.  Injection port locations on the Conesville Unit 6 ESP inlet duct 

 

Mercury CEM Description 

The Thermo Electron Mercury Freedom System  CEM has been chosen for flue 
gas mercury measurements at Conesville.  Three key components of the CEM are the 
sample extraction probe/converter, the mercury analyzer, and the calibration module.  
These are described briefly below and presented in Figure 4, a schematic of the entire 
system, showing the key components and other supporting instrumentation. 

• Sample Extraction Probe/Converter.  An inertial filter is used to 
separate a particulate-free vapor-phase sample while minimizing the 
interactions with fly ash, which can cause sampling artifacts.  The sample 
is immediately diluted with pre-heated dilution air to minimize mercury 
reactions with other flue gas species.   

• Mercury Analyzer.  Mercury is measured directly in the analyzer using 
Cold Vapor Atomic Fluorescence Spectroscopy (CVAFS).  There is no 
cross interference from SO2 with CVAFS.  Because the sample is diluted, 
it has low moisture, is relatively non-reactive and therefore has minimal 
interference from other gases.   

• Calibration Module.  The calibrator module incorporates a mercury 
source in a temperature-controlled chamber that can be heated or cooled to 
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maintain the source at a precise temperature.  The operator can program 
the calibrator to deliver zero or span gas to the analyzer, to the sample port 
between the inertial filter and the critical orifice, or upstream of the 
inertial filter.   
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Figure 4.  Thermo Electron Mercury Freedom System. 

 

At least two mercury monitors will be used during this testing program to provide 
real-time feedback during baseline and sorbent injection testing.  The analyzers are 
capable of measuring both total vapor-phase mercury and elemental vapor-phase 
mercury.  The analyzer determines total vapor-phase mercury concentrations by reducing 
all of the oxidized mercury to the elemental form near the extraction location.  To 
measure elemental mercury, the oxidized mercury is removed while allowing elemental 
mercury to pass through without being altered. 

Task 3.  Field Testing 
The field tests will be accomplished through a series of five (5) subtasks.  The 

subtasks are independent from each other in that they each have specific goals and tests 
associated with them.  However, they are also interdependent, as the results from each 
task will influence the test parameters of subsequent tasks.  A summary of each task is 
presented. 

The various tests are described below in their corresponding subtask.  Exact 
operating conditions are subject to change based on the results from baseline and sorbent 
screening tests. 
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Subtask 3.1 Sorbent Selection 

The sorbent screening device (SSD) is an extractive system designed to predict 
mercury removal performance in a full-scale ESP.  A sketch showing major components 
and plant requirements is shown in Figure 5.  The test apparatus consists mainly of the 
probe box and two stack sampling boxes.  The probe box mounts directly to a 4-inch, 
flanged sample port and contains an inertial filter, gas eductor and two sorbent test trains 
each consisting of a test bed and an activated carbon trap  

The test beds consist of sand mixed with sorbent and ash in amounts 
representative of the ESP inlet particulate loading at the host site.  The inertial separation 
probe separates the native fly ash from the sampled flue gas stream prior to the test beds.  
AC-traps are located downstream of the test beds and are used to collect any mercury not 
trapped by the test beds.  Once the tests trains are installed and leak-checked, the 
assembly is heated (the inertial filter is maintained at 400°F and the tests beds are 
maintained at the flue gas temperature at the test location) and flue gas is drawn through 
the assembly for a test period that typically lasts two hours for ESP studies.  Upon 
subsequent analyses, the mercury collected in the test beds and carbon traps can be used 
to determine the mercury removal efficiency of the sorbent.  The inlet mercury 
concentration is calculated as the sum of the mercury in the test bed and carbon trap, and 
mercury removal is the amount in the test bed divided by the inlet mercury. 

Plant Requirements
1.  4" Flanged Sample Port
2.  2 x 20 Amp, 120V Power Lines
3.  Plant Air (60 lpm, 10 psi)

SSD Probe 
w/Inertial Filter 

and two Test Beds

Eductor Air 
60 lpm, 10 psi

Filter/Dryer 
Regulator Plant Air10

Temp 
Controller

20 A

4" Flanged 
Sample Port

Silica  Gel

Silica  Gel DGM 1

DGM 2

Gas Sampling 
Box Power

20 A

 

Figure 5.  SSD Components and Power Requirements 
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Subtask 3.2 Sample and Data Coordination 

ADA-ES engineers will coordinate with plant personnel to retrieve the necessary 
plant operating data files on a daily basis during testing.  An example of the operating 
data is included in Table 5, along with other samples and measurements that will be 
collected.  These data will be integrated into the sorbent injection and mercury control 
database.  ADA-ES site engineers will work closely with plant operators to monitor key 
plant operating parameters in real-time during testing.  If at any time the performance of 
the existing pollution control equipment or outlet emissions exceed acceptable operating 
limits, testing will be halted.  Acceptable limits will be discussed and agreed upon prior 
to beginning injection. 

The primary extraction locations for the mercury monitors will be upstream and 
downstream of the ESP.  Periodic measurements will also be made downstream of the 
WFGD.  The extraction port and probe length will be identified after a velocity and 
temperature traverse at the sampling locations are conducted to identify an appropriate, 
single-point position.  The position will be at a duct average temperature and velocity.  
Experience has shown that this should be representative of the duct average mercury 
concentration.   

Manual mercury samples using ASTM M6784-02 (Ontario Hydro Method) will 
be collected at the ESP inlet and wet FGD outlet locations.  Because of the influence of 
HCl, HF, and SO3 on sorbent effectiveness, Method 26a measurement (HCl and HF) and 
controlled condensate measurements (SO3) will be made during the same sampling 
campaign as the Ontario Hydro samples will be collected to better characterize the flue 
gas.  The outlet particulate emissions are a key parameter to assess the impact of carbon 
injection on ESP performance.  Therefore, particulate emission measurements will be 
made with EPA Method 5 or 17 at the inlet and outlet of the ESP.  Activated carbon has 
been shown on previous tests to be effective at removing other metals.  Therefore, EPA 
Method 29 measurements will also be made.  Three sampling runs of each test method 
will be conducted over the baseline test week.  It is anticipated that AEP’s in-house 
sampling team will conduct the manual source testing. 

ADA-ES engineers will also develop a sample Chain-of-Custody and coordinate 
with host plant personnel to assure coal, ash, and other samples are collected and tracked 
properly.  A tentative sample collection schedule is presented in Table 6.  The final 
schedule will be agreed upon prior to beginning baseline testing.  The hopper numbers 
referenced in Table 6 are included on the hopper diagram in Figure 6. 

Grab samples of ash will be collected from the ESP hoppers each day of testing.  
Samples will be segregated by the test condition (baseline, each parametric test, and long-
term test).  The samples will be stored in 1-liter or 5-gallon sample containers for 
shipping to analytical laboratories.  The schedule indicates sampling from multiple rows 
in the ESP.  These samples will be used to determine if stratification exists throughout the 
system.   
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Tests will also be conducted to determine the effect of activated carbon injection 
on scrubber performance.  In particular, tests will be conducted to determine changes in 
settling and dewatering performance as a result of carbon injection.  The specific tests 
will be identified following discussing with AEP laboratory personnel. 

 

 Gas Flow    Gas Flow   

32 31 30 29 28 27 26 25

24 23 22 21 20 19 18 17

16 15 14 13 12 11 10 9 

8 7 6 5 4 3 2 1 

East ESP West ESP 

*Sampled Hopper 

Figure 6.  Hopper Diagram  
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Table 5.  Data Collected During Field Testing 

Parameter Sample/signal/test Baseline Parametric/ 
Long-Term 

Coal Batch sample Yes Yes 

Coal Plant signals:  burn rate (lb/hr) 
quality (lb/MMBTU, % ash) 

Yes Yes 

Fly ash Batch sample Yes Yes 

Scrubber Slurry Batch sample Yes Yes 

Unit operation Plant signals:  boiler load, etc. Yes Yes 

Temperature Plant signal at AH inlet and ESP 
inlet/outlet 

Yes Yes 

Temperature Full traverse ESP inlet, single port 
traverse from each ESP outlet duct 

Yes No 

Duct Gas Velocity Full traverse at ESP inlet/outlet Yes No 

Mercury (total and 
speciated) 

Hg CEMs at ESP inlet/outlet Yes Yes 

Mercury (total and 
speciated) 

ASTM M6784-02 (Ontario Hydro) 
at ESP inlet/outlet, WFGD outlet 

Yes 
(1 set) 

No/Yes 
(2 sets) 

Multi-Metals 
Emissions 

Method 29 at ESP inlet/outlet Yes, outlet No/Yes, outlet

Particulate 
Emissions 

EPA Method 17 

TEOM continuous particulate monitor 

Yes 

Yes 

Yes 

Yes (par.) 

HCl, HF, Br EPA Method 26a at ESP inlet/outlet Yes Yes 

SO3 Controlled Condensate Yes Yes 

Sorbent Injection 
Rate 

PLC, lbs/min No Yes 

Plant CEM data 
(NOx, O2, SO2, CO) 

Portable monitor at ESP outlet location Yes Yes 

Stack Opacity Plant data – WFGD inlet Yes Yes 

Pollution control 
equipment  

Plant data 

(Sec mA, Sec. Voltage, Sparks, slurry 
feed rate, etc…) 

Yes Yes 
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Table 6.  Tentative Sample Collection Schedule 

* If sample collection is possible 
 

Subtask 3.3 Baseline Testing 

Once the equipment is installed, one week of baseline testing (no sorbent 
injection) is scheduled.  During the baseline testing series, mercury measurements will be 

Test 
Condition 

Type Frequency Volume 
Collected 

Coal Daily 1 liter 

ESP Ash Daily: 
One Hopper Each Field, Middle 
Row (e.g.4,12,20,28)  

2 samples per week 
Four Inlet hoppers (26,28,30,32) 

 
2 sample per week during source testing: 

Four Inlet hoppers (26,28,30,32)  
Four Row 2 hoppers (18,20,22,24) 
Two Row 3 hoppers (10,12,14,16) 
Two Row 4 hoppers (2,4,6,8) 

 
Weekly: 

One Inlet Hopper (28) 
Ash Silo 

 
1 liter 

 
1 liter 

 
3 liters* 
 

 

 
5 gallon – 
Sample, each 

Scrubber 
Samples 

2 samples per week:  
Lime Feed, Flocculant Feed, Solid 
Byproducts, Liquid Byproducts 

1 liter, each 

 

Baseline 

   and  

Long Term 

Bottom Ash 2 samples per week 1 liter 

Coal Daily 1 liter 

Parametric 

ESP Ash Daily: 
One Hopper Each Row, One Inlet 
Hopper on each side (4,12,20,28,30) 

High Inj. Conc per sorbent: 
      Four Inlet hoppers (26,28,30,32) 

Ash Silo 

 
1 liter 

 
3 liter, each* 
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made at the inlet of the ESP and outlet of the wet-FGD.  These data will be used to 
characterize native mercury capture across the ESP and wet-FGD without sorbent 
injection.  Unit operation will be set at conditions expected during the parametric tests.  It 
is anticipated that boiler load will be held constant at full-load and that the air pollution 
equipment will be operated under standard full-load conditions.  ASTM M6784-02 
(mercury) measurements, EPA Method 29 (multi-metals) and Method 26A (HCl and HF) 
measurements will be conducted in conjunction with the mercury monitors during this 
subtask.  Method 17 particulate samples and controlled condensate SO3 measurements 
will also be collected during this subtask.   

Subtask 3.4 Parametric Testing 

Following baseline testing, three weeks of parametric testing are planned as 
shown in the test matrix on Table 7.  The parametric tests will be conducted at full-load 
conditions to document sorbent injection requirements.  Mercury measurements will be 
made during the parametric tests to characterize mercury capture with sorbent injection.  
During the parametric tests, sorbents will be injected at various rates to develop a 
relationship between sorbent injection concentration and mercury removal efficiencies 
across the ESP and wet-FGD.  In addition to sorbent injection, the effects of temperature 
on sorbent effectiveness will be evaluated.   

The first two weeks of parametric testing will evaluate the effects of sorbent 
injection for control of mercury in stack emissions.  Seven sorbents are included in the 
schedule.  These include DARCO Hg, a sorbent derived from a Texas-Lignite coal and 
manufactured by NORIT Americas. This sorbent has been tested in various lab, pilot, and 
full-scale mercury control demonstrations and is considered the benchmark for 
performance comparisons.  DARCO Hg has a bulk density of 25-30 lbs/ft3.  The other 
sorbents tested, chosen based upon results from sorbent screening tests, are listed below. 

Sorbent Price/lb 

Calgon RUV-N $0.74 

Sorbent Technologies $0.75 

Donau Desorex DX700C $0.42 

Norit DARCO Hg $0.45 

Norit DARCO Hg-LH $0.85 

Norit DARCO E-12 $0.55 

Norit DARCO E-13 $0.55 

 

Initial parametric testing will consist of “screening” the sorbents by injecting at 6 
lb/MMacf, or the maximum achievable continuous feed rate of the injection system, for 2 
to 3 hours.  If the maximum injection concentration is less than 6 lb/MMacf, all sorbents 
will be evaluated at the lower concentration.  DARCO Hg and the top two performing 
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sorbents will be characterized at lower injection concentrations at the end of the second 
week of parametric tests.   

During the third week of parametric testing, the performance of the sorbent 
chosen for long-term testing will be further characterized in preparation for long-term 
testing.  , Three target mercury removal levels will be identified by the test team.  For the 
first two days of testing, the sorbent injection concentration will be increased until each 
removal level is achieved.  Each injection concentration will be maintained for at least 
three hours.  During days three through five, sorbent will be introduced at the long-term 
injection concentration while measuring the flue gas mercury at each of the four ESP 
outlet ducts.  The temperature varies from nominally 325°F on the west side of the ESP 
to 375°F on the east side of the ESP.  The Sorbent Trap Method (STM, Modified 40 
CFR, Part 75, Appendix K) will be used in conjunction with the Hg CEMs during this 
week to collect additional stratification information. 

After parametric testing is completed, the project team will evaluate the data 
collected to determine the optimum long-term testing conditions.   

Subtask 3.5 Long-Term Testing 

Long-term testing will be conducted at the “optimum” settings as determined by 
the project team based upon results from parametric tests and other considerations such 
as material cost and plant impacts.  It is the intent of DOE that these settings represent the 
most cost effective condition for mercury removal.  The goal of this task is to obtain 
sufficient operational data on removal efficiency over a 4-week period, the effects on the 
particulate control device, effects on byproducts, and impacts to the balance of plant 
equipment to prove viability of the process and determine the process economics.  During 
this test, ASTM M6784-02, M29, M26A, M17, and controlled condensate measurements 
will be conducted at the inlet and outlet of the pollution control device.   

This task is the single most important step in gaining acceptance from the utility 
industry as to the practical implementation of mercury removal technologies on coal-fired 
power plants.  
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Table 7.  Proposed Full-Scale Test Sequence for Conesville Unit 6 

Test Description Start 
Date 

Parameters/Comments Boiler 
Load 

Week 1: Baseline  
 

3/13/06 Day 1 - Test crew set-up no restrictions on boiler load 
Day 2 – Manual Samplinga 
Day 3 – Manual Samplinga 
Day 4 – Manual Samplinga 
Day 5 - Manual Samplinga 

Full 
Loadb 24 
hours per 
day  

Week 2: Screening 3/20/06 Day 1 – DARCO Hg, 6 lb/MMacf  
Day 2 – DARCO Hg-LH, 6 lb/MMacf 
Day 3 – DARCO E-12, 6 lb/MMacf 
Day 4 – Calgon RUV-N, 6 lb/MMacf 
Day 5 – Donau DX700C, 6 lb/MMacf 

Full Load 
6AM-
6PM 

Week 3: Screening 3/27/06 Day 1 – Sorbtech EXP-2, 6 lb/MMacf 
Day 2 – DARCO E-13, 6 lb/MMacf 
Day 3 – DARCO Hg, 2 and 4 lb/MMacf 
Day 4 – TBD, 2 and 4 lb/MMacf 
Day 5 – TBD, 2 and 4 lb/MMacf 

Full Load 
6AM-
6PM 

Break 4/10-
4/14/06 

Review Results from Parametric Tests 
Define Operating Conditions for Long-Term Tests 

 

Week 4: 
Parametric  
Optimization and 
Temp. 
Stratification 

4/17/06 Day 1 – TBD, Hg removal 1 and 2c 
Day 2 – TBD, Hg removal level 3c 
Day 3-5 Sorbent and concentration TBD.   

Full Load 
6AM-
6PM 

Long-term tests  4/21/06 Operate at consistent injection rate 24 hours a day, 4 
weeks, while load following.  Conduct Manual Sampling 
tests during week 4.  .   

Full Load 
only 
during 
Ontario 
Hydro  

a Manual Sampling includes: ASTM M6784-02 (mercury), STM (modified 40 CFR, pt. 
75 app.K, mercury), EPA M5 or 17 (particulate), EPA M26a (halogens), Controlled 
Condensate (SO3), EPA M29 (Multi-Metals) 

b Close-Coupled Over-Fire Air for all tests 

cHg removal levels 1, 2 and 3 will be identified by the test team after reviewing 
“screening” results 
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During long-term testing, the Hg CEM at the outlet of the ESP will be monitoring 
flue gas exiting one duct.  In an effort to better characterize the emissions from the 
Conesville Unit 6 ESP, STM tests will be conducted on the other three ducts.  Two 
sampling consoles are available through the project.  These will be configured for 
duplicate simultaneous sampling on one duct.  These will be moved daily to collect 
emissions data across the unit.  If AEP has additional sampling systems available to 
dedicate to the program, additional samples will be collected. 
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Task 4.  Data Analysis 
Data collection and analysis for this program is designed to measure the effect of 

sorbent injection on mercury control and the impact on the existing pollution control 
equipment.  The mercury levels and plant operation will be characterized with and 
without sorbent injection and the long-term evaluation to identify effects that may not be 
immediate.  A sample list of plant parameters is given below: 

• Boiler Load 
• Boiler Excess O2 
• Coal 

o Coal firing rate 
o Coal trainload data (e.g. short prox and ultimate analysis) 

• Temperatures 
o Economizer Outlet Temperature 
o Air Preheater Outlet Temperature 
o ESP Outlet/Scrubber Inlet Temperature 
o Scrubber Outlet Temperature 

• ESP Electrical Conditions 
o Secondary Current 
o Secondary Voltage 
o Secondary Power 
o Spark Rate 

• Wet Scrubber Operation 
o Liquid/gas ratio 
o Fresh slurry feed rate and percent solids or surrogate (i.e. pump amps) 
o Recycle feed rate and percent solids 
o Operating pH 
o SO2 inlet, if available, or scrubber efficiency 

• CEM data 
o Opacity 
o CO 
o CO2 
o SO2 
o NOx 
o Stack Gas Flow 
o Stack Gas Temperature 

• Ambient Temperature 
• Ambient Barometric Pressure 

 
Many signals typically archived by the plant will be monitored to determine if any 

correlation exists between changes in mercury concentration with measured plant 
operation.  A correlation is not unusual between temperature and load, for example.  
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Task 5.  Coal and Byproduct Evaluation  
Coal and combustion byproduct samples collected throughout the field test will be 

analyzed in this task.  During all test phases, samples of coal, fly ash, scrubber slurry, and 
other sample streams will be collected.  Select samples will be chosen by the test team for 
analysis.  Ultimate and proximate analyses will be performed along with mercury, and 
chlorine for the coal samples.  The ash will be analyzed for mercury and other potential 
tests such as alkalinity, size distribution, chlorine, fluorine, and metals such as selenium 
and arsenic.  Additional tests will be conducted to determine the environmental stability 
of the samples.  These tests include TCLP, SGLP and thermal stability tests.  Tests are 
also being discussed to determine the potential of microbial activity on mercury release.  
A sample of the analyses included is presented in Table 8. 

Although previous tests from this program and others have shown that the 
byproducts mixed with activated carbon are highly stable, it is important to continue 
evaluating these byproducts for each condition using well-established and documented 
techniques, and new techniques designed to perform even more robust analyses of the 
byproducts.  Additional ash will be collected and archived for other tests, including tests 
requested by EPA, DOE, and independent companies approved by DOE and AEP. 

Standard leaching test methods will include the Toxicity Characteristic Leaching 
Procedure (TCLP, SW846-1311) and synthetic groundwater leaching procedure (SGLP).  
If a chemically treated sorbent is chosen for long-term tests, leaching of the chemical 
used in the treatment process will be reviewed. 

The final series of tests are optional, based on whether a determination is made 
that additional analyses are needed for purposes of troubleshooting or for gaining 
additional insight into control options.  For example, it may be desirable to determine the 
size and composition of the ash for certain applications.  These analyses will provide 
information on the impacts of mercury control on ash properties.  The properties have a 
significant impact on the performance of combustion and environmental control systems.  

Sample and data management are needed for tracking a large quantity of samples 
from various process streams at AEP’s Conesville Station.  ADA-ES has developed a 
Sample and Data Management System (SDMS) that will store test data from the 
evaluation.  These data can be used to generate reports, track sample history, and input 
results from laboratory analyses.   

The SDMS will also store plant operational data and other test data during the 
evaluation.  Pertinent plant operating parameters will be logged electronically and 
formatted into a common spreadsheet, which will be delivered to the test team daily.  
After all test data have gone through a QA/QC process, these data will be uploaded to the 
SDMS.  It will provide links to previous project publications, schedules, and memos.  
The SDMS will have the capabilities to query certain data sets and generate plots and 
other necessary documents.   

For data control and security, access to the sample database is limited to the 
ADA-ES project manager, site manager, and sample manager.  Operators collecting 
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samples will be able to upload information to the database and print sample labels and 
Chain-of-Custody forms.  ADA-ES will include results with regularly issued reports to 
the test team.   

Table 8.  Summary of Byproduct and Waste Characterization Testing 

Series Test Purpose Test Method Comments 

1 Ash Disposal TCLP (SW846-1311) Measures leachable Hg, As, Ba, Cd, 
Cr, Pb, Se, Ag 

2 

Environmental 
Stability – 
Leaching 

SGLP 
 

Measures leachable Hg at 18 hours, 
2 weeks, and 4 weeks 

3 Special Testing Various As needed for troubleshooting or site-
specific information needs 

 
 

Task 6.  Design and Economics of Site-Specific Control System 
After completion of testing and analysis of the data at each plant, the requirements 

and costs for full-scale permanent commercial implementation of the selected mercury 
control technology will be determined. 

ADA-ES will meet with the host utility plant and engineering personnel to 
develop plant-specific design criteria.  Process equipment will be sized and designed 
based on test results and the plant-specific requirements (reagent storage capacity, plant 
arrangement, retrofit issues, winterization, controls interface, etc.).  A conceptual design 
document will be developed.  Sorbent type and sources will be evaluated to determine the 
most cost-effective reagent(s) for the site. 

Modifications to existing plant equipment will be determined and a work scope 
document will be developed based on input from the plant.  This may include 
modifications to the particulate collector, ash handling system, compressed air supply, 
electric power capacity, other plant auxiliary equipment, utilities, and other balance of 
plant engineering requirements.  

Finally, a budget cost estimate will be developed to implement the control 
technology.  This will include capital cost estimates for mercury control process 
equipment as well as projected annual operating costs.  Where possible, order-of-
magnitude estimates will be included for plant modifications and balance of plant items. 

Task 7.  Prepare Site Report 
A site report will be prepared documenting measurements, test procedures, 

analyses, and results obtained in Task 2.  This report is intended to be a stand-alone 
document providing a comprehensive review of the testing that will be submitted to the 
host utility. 



21 

 

Schedule 

The tentative schedule for activities at Conesville is shown in Figure 7. 

2005 2006
Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec

Planning
Design and Install Equipment
Field Testing

Sorbent Screening
Baseline
Parametric
Long-Term

Data Analysis
Coal and Byproduct Analysis
Economic Analysis
Site Report  

Figure 7.  Tentative Schedule for Conesville in 2006 
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Key Personnel 

Key personnel for the Conesville tests are identified in Table 9. 

Table 9.  Key Project Personnel for Conesville Mercury Field Evaluation 

Name Company Role Phone # E-MAIL/Cell Phone 

Aimee Toole AEP 
Columbus 

Project Manager 614-716-1570 artoole@aep.com 
614-309-9582 

Gary Spitznogle AEP 
Columbus 

Project Manager 614-716-1570 gospitznogle@aep.com 
614-716-3671 

Georgeanne 
Hammond 

AEP 
Conesville 

Environmental 
Coordinator 

740-829-4065 gmhammond@aep.com 

Paul Medaugh AEP 
Conesville 

Site Engineer 740-829-4060 pamedaugh@aep.com 

Sharon Sjostrom ADA-ES Program Manager 303-339-8856 sharons@adaes.com 
303-919-8538 

Cody Wilson ADA-ES Site Manager 303-339-8860 codyw@adaes.com 
303-358-0825 

Jerry Amrhein ADA-ES Hg CEM 303-339-8841 jerrya@adaes.com 
303-921-8138 

Richard Schlager ADA-ES Contracts 303-339-8855 Richards@adaes.com 
Connie Senior Reaction 

Engineering 
Tech Expert: Coal 
and Byproducts, 
Flow Modeling 

801-364-6925 
ext 37 

senior@reaction-eng.com 

Michael Durham ADA-ES Technical Expert 303-734-1727 miked@adaes.com 
Jean Bustard ADA-ES Technical Expert 303-734-1727 jeanb@adaes.com 
Andrew O’Palko DOE/NETL DOE/NETL 

Project Manager 
304 285-4715 andrew.opalko@netl.doe.g

ov 
Ramsay Chang EPRI EPRI Project 

Manager 
650-855-2535 Rchang@epri.com 
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Sample Management Plan – AEP Conesville Power Plant                                                                   
Project #:  03-7006-74                                    

 
 
 
ADA-ES, Inc. is conducting an evaluation of sorbent injection for mercury control at AEP’s Conesville 
Power Plant.  The overall objective of this project is to determine the cost and effects of sorbent 
injection for control of mercury in stack emissions.   
 
During the evaluation, fuel samples and certain process byproducts will be collected for determinations 
of mercury content, stability, and other analytes.  Process byproducts of interest include but are not 
limited to: 

 
• Bottom Ash 
• ESP Fly Ash 
• Scrubber Byproducts 

 
Sample and data management are needed for tracking approximately 400 samples from various liquid 
and solid process streams at the Conesville Power Plant.  ADA-ES has developed a Sample and Data 
Management System (SDMS) that will store test data from the evaluation.  These data can be used to 
generate reports, track sample history, and input results from laboratory analyses.   
 
ADA-ES will also store plant operational data and other test data during the evaluation.  Pertinent plant 
operating parameters will be logged electronically.  ADA-ES will include results with regularly issued 
reports to the test team.   
 
 

Sampling Locations 
Samples of various gaseous, liquid, and solid process streams will be collected during the evaluation.  
Specific flue gas samples are not included in this document.  Sampling locations for Conesville Power 
Plant Unit 6 are shown in Figure 1. 
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Figure 1.  Conesville Power Plant Unit 6 Configuration and Sampling Locations. 
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Sample Collection 
Coal and combustion byproducts will be collected during the mercury control evaluation.  
Samples will be segregated by the test condition (baseline, each parametric test, and long-
term test).  Collecting a representative sample is the primary objective of the sampling 
strategy.  Representative samples will be collected only under stable and normal operating 
conditions unless otherwise directed by ADA-ES personnel.   

Sample Streams 
Coal Samples – Daily as-received samples will be provided to ADA-ES.  If the caol delivery 
schedule is such that coal is being loaded from the coal pile, the belt loading the bunkers will 
be stopped to collect a sample across the belt.  This will ensure the coal sample collected is 
representative of the coal being fired during the test period. 
 
Bottom Ash – Bottom ash samples should be collected prior to being mixed with any other 
process streams.  Bottom ash samples will be collected two times a week during baseline and 
long-term testing from the bottom ash conveyor.  Collection locations shall be specified by 
Conesville Station personnel. 
 
ESP Fly Ash – Grab samples of ash will be collected from the ESP hoppers each day of 
testing.  Samples will be segregated by the test condition (baseline, each parametric test, and 
long-term test).  The samples will be stored in 1-liter or 5-gallon sample containers for 
shipping to the analytical laboratories.  The schedule indicates sampling from multiple rows 
on both the control side and test side of the ESP.  These samples will be used to determine if 
stratification exists throughout the system and to compare ash properties of the test side with 
the control side.   
 
Ash samples should be collected at approximately 1:00pm every weekday to ensure the 
sample collected is representative of the ash during the test period.  A sketch showing the 
hoppers from the ESP is shown in Figure 2.  The shaded hoppers indicate the hoppers from 
which fly ash samples will be collected. 
 
Ash Silo – Ash samples will also periodically be collected from the Unit 6 ash silo to 
determine the properties of the ash collected in the ESP as a whole. 
 
Scrubber Samples – Grab samples of the lime and flocculent feed streams to the scrubber, 
and solid and liquid byproduct streams from the scrubber will be collected during the 
baseline and long-term test periods.  The samples will be used to identify the effects of 
sorbent injection on scrubber byproducts and allow a mercury balance to be conducted. 
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 Gas Flow    Gas 
Flow   

32 31 30 29 28 27 26 25 

24 23 22 21 20 19 18 17 

16 15 14 13 12 11 10 9 

8 7 6 5 4 3 2 1 

East ESP West ESP 

*Sampled Hopper 
                      
 
Figure 2.  ESP Hopper Layout and Sampling Locations. 
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Table 1.  Tentative Sampling Schedule. 

*2 liters to AEP for characterization, 1 to program (ADA-ES) 
 
 

 

 

Test 
Condition 

Type Frequency Volume 
Collected 

Coal Daily 1 liter 

ESP Ash Daily: 
One Hopper Each Field, Middle 
Row (e.g.4,12,20,28)  

2 samples per week 
Four Inlet hoppers (26,28,30,32) 

 
2 sample per week during source testing: 

Four Inlet hoppers (26,28,30,32)  
Four Row 2 hoppers (18,20,22,24) 
Two Row 3 hoppers (10,12,14,16) 
Two Row 4 hoppers (2,4,6,8) 

 
Weekly: 

One Inlet Hopper (28) 
Ash Silo 

 
1 liter 

 
1 liter 

 
3 liters* 
 

 

 
5 gallon – 
Sample, each 

Baseline 

   and  

Long Term 

Scrubber 
Samples 

2 samples per week:  
Lime Feed, Flocculant Feed, Solid 
Byproducts, Liquid Byproducts 

1 liter, each 

 

Coal Daily 1 liter 

Parametric 

ESP Ash Daily: 
One Hopper Each Row, One Inlet 
Hopper on each side (4,12,20,28,30) 

High Inj. Conc per sorbent: 
      Four Inlet hoppers (26,28,30,32) 

Ash Silo 

 
1 liter 

 
3 liter, each* 
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Sample Management Strategy 
During the mercury control evaluation, Conesville plant personnel, as directed by ADA-ES, 
will collect the liquid and solid samples.  ADA-ES will deliver a sampling schedule, which 
shows the sampling frequency, volume, and specific samples to collect during each testing 
day.  A sample management flow chart is shown in Figure 3.   

 
 
Figure 3.  Sample Management Flowchart. 

Collection

Sealed and 
Labeled

Chain of 
Custody

Sample 
Tracking 
System

Ship Samples to ADA-ES/Subcontractor 
Laboratory

Laboratory 
Testing

Input Lab 
Results into 
Database

Report

Review Results 
QA/QC
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Once the samples have been collected, they will be delivered to ADA-ES personnel to be 
sealed and labeled.  The samples will be logged into a database and given a sample 
identification number.  Authorized project team members will have access to the database to 
see which samples have been collected and are available for testing. 
 
Once the samples have been sealed and labeled, ADA-ES personnel will generate a Chain-of 
Custody (COC) form to be delivered with each shipment of samples.  The COC will be used 
for sample tracking and identification.  Although ADA-ES will not enforce the strict COC 
procedures (e.g., signatures to release sample custody, controlled access), all pertinent 
information will be recorded.   
 
Several samples, along with a COC, will be shipped directly from the plant to AEP’s Dolan 
laboratory for analysis.  Examples include coal samples collected for ultimate and proximate 
analysis.   
 

Sample Analysis  
 
Although previous tests from this program and others have shown that the byproducts mixed 
with activated carbon are highly stable, it is important to continue evaluating these 
byproducts for each condition using well-established and documented techniques, and new 
techniques designed to perform even more robust analyses of the byproducts.  Additional ash 
samples will be collected and archived for other tests, including tests requested by EPA, 
DOE, and independent companies approved by DOE.  No samples will be shipped to outside 
firms without prior approval of AEP and DOE. 
 
Standard leaching test methods conducted on the fly ash samples will include the Toxicity 
Characteristic Leaching Procedure (TCLP, SW846-1311) and the synthetic groundwater 
leaching procedure (SGLP).  Solid and liquid samples will be collected and analyzed 
according to the methods as prescribed in Table 2.  If a chemically treated sorbent is chosen 
for long-term tests, leaching of the chemical used in the treatment process will be reviewed. 
 
The final series of tests are optional, based on whether a determination is made that 
additional analyses are needed for purposes of troubleshooting or for gaining additional 
insight into control options.  For example, it may be desirable to determine the size and 
composition of the ash for certain applications.  These analyses will provide information on 
the impacts of mercury control on ash and scrubber byproduct properties.  The properties 
have a significant impact on the performance of combustion and environmental control 
systems.  
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Table 2.  Summary of Byproduct and Waste Characterization Testing 

Series Test Purpose Test Method Comments 

1 Ash Disposal TCLP (SW846-1311) Measures leachable Hg, As, Ba, Cd, 
Cr, Pb, Se, Ag 

3 

Environmental 
Stability – 
Leaching 

EERC SGLP 
 

Measures leachable Hg at 18 hours, 
2 weeks, and 4 weeks 

4 Special Testing Various As needed for troubleshooting or site-
specific information needs 

 
 
Once the laboratory testing is complete, results will be logged into the SDMS.  Authorized 
project team members will have access to the database to view the results.  A report will be 
generated summarizing results from the sample analyses. 

Flue Gas Samples 
Flue gas measurements will be made at the locations indicated on Figure 1.  Flue gas 
analyses include Ontario Hydros, Method 17, Method 26a, and Controlled Condensate.  Hg 
analyzers will also be used at selected locations measuring near-real-time vapor-phase 
mercury concentrations in the flue gas. 
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Table 3.  Sampling and Analytical Matrix. 
Sampling Location Sample/Type Sampling Method Analytical Method 

Speciated Mercury Ontario Hydro EPA SW 846 7470 cold vapor atomic absorption spectrometry 
(CVAAS) 

HBr, HCl, HF, BR2, CL2 M26a Ion chromatography per the promulgated EPA Method 26a 

Particulate Matter M17 Gravimetrically 
Hg M324 EPA Method 1631 
Total/Elemental Mercury Continuous Hg CEM 

ESP Inlet 

SO3 Controlled 
Condensate 

Per Method 

Speciated Mercury Ontario Hydro EPA SW 846 7470 cold vapor atomic absorption spectrometry 
(CVAAS) 

HBr, HCl, HF, BR2, CL2 M26a Ion chromatography per the promulgated EPA Method 26a 
Particulate Matter M17 Gravimetrically 
Hg M324 EPA Method 1631 

ESP Outlet 

Total/Elemental Mercury Continuous Hg CEM 
Hg Grab Sample ASTM D6414-99 or 01 
Cl Grab Sample Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry) 

Br, F Grab Sample Neutron Activation Analysis 
Ultimate Analysis Grab Sample  
Proximate Analysis Grab Sample  

Coal Fuel to Boiler 

Trace Metals Grab Sample  
Hg Grab Sample ASTM D6414-99 or 01 

Cl Grab Sample Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry) 

LOI / Carbon Content Grab Sample  

Leaching Grab Sample TCLP, SW846-1311, SGLP 

Bottom Ash, Fly Ash, 
Scrubber Byproducts 

Trace Metals, Elements Grab Sample  
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APPENDIX C:  Vapor-Phase Mercury Emissions Using Sorbent 
Trap Method (STM) 

 



 

Vapor-Phase Mercury Emissions Using Sorbent Trap Method (STM) 

This non-isokinetic test method samples flue gas, while minimizing particulate 
capture, and provides total vapor-phase mercury emissions.  The dry sorbent trap method was 
proposed in the Utility Mercury Reduction Rule (FR January 30, 2004) as a draft EPA test 
method, Method 324 Determination of Vapor Phase Flue Gas Mercury Emissions from 
Stationary Sources Using Dry Sorbent Trap Sampling.  Within the Rule, the method was 
proposed either for application as a reference method test, or for continuous compliance 
measurement for mercury.  ADA-ES has used the method in the field since the early 1990’s, 
and conducted the validation testing for Method 324, in which it compared favorably with 
the Ontario Hydro Method.  The procedures used during the tests conducted at Conesville are 
consistent with the procedures used during validation testing of the new Method. 

In the Clean Air Mercury Rule (CAMR) signed by the EPA Administrator on March 
15, 2005, the proposed Method 324 was revised and renamed as 40 CFR Part 75 Appendix 
K.  The revised and renamed method will be an option for some sources for continuous 
compliance measurements for mercury.  The method described in Appendix K has many 
rigorous quality control requirements that are in excess of what is necessary for the Big 
Brown tests.  However, the principles of the method described in 40 CFR Part 75 Appendix 
K will be applied in this test program and will be referred to as the sorbent trap method 
(STM).  The detailed procedures to be followed are summarized here. 

This mercury measurement method extracts a known volume of flue gas from a duct 
through a dry sorbent trap (containing a specially treated form of activated carbon) as a 
single-point sample, with a nominal flow rate of about 400 cc/min at the gas meter.  The dry 
sorbent trap, which is in the flue gas stream during testing, represents the entire mercury 
sample.  Each trap is recovered in the field and shipped to a specialized lab such as Frontier 
GeoSciences, Inc. for analysis.  Each trap is acid leached and the resulting leachate is 
analyzed for mercury using cold vapor atomic fluorescence spectrometry.  Samples can be 
collected over time periods ranging from less than an hour to weeks in duration.  The test 
result provides a time averaged total vapor-phase mercury measurement of the flue gas 
stream. 

STM sampling collects paired samples as a quality control measure.  The analysis 
results of the paired sample trains are compared and are typically in agreement within 5-20% 
relative percent difference (RPD) or about 1 lb/TBtu.  Another built-in quality assurance 
measure is achieved through the analysis of two trap sections in series.  Each trap has two 
separate mercury sorbent sections, as shown in  Figure C-1, and the “B” section is analyzed 
to evaluate whether any mercury breakthrough occurred.  Low B section mercury, in 
conjunction with a field blank trap, is used to confirm overall sample handling quality. 



 

Gas Flow
             B Section                          A Section

~ 25 mm ~ 25 mm

Glass wool or foam

 
Figure C-1.  Two mercury sorbent trap sections in series. 

 
The sample train is fairly simple, as shown in Figure C-2.  Major components are a 

dry sorbent trap mounted directly on the end of a probe (usually heated), a moisture knockout 
outside the duct, and a sampling console that controls the sampling rate and meters the flue 
gas, as well as recording data in a data logger.  Key temperatures, sampling volume, and 
barometric pressure are recorded on field sampling data sheets and/or by a data logger for 
each sample run.   

Mercury
Trap

Temperature
Sensor

Duct Wall

Port/Probe
Flanges

Heated Line

Desiccant

Gas
Pump

Flow Control
 Valve

Vacuum
Gauge

Dry
Gas 

Meter

Thermocouple

Probe

Sampling Console 

Discharge
Isolation Valve

Water 
Knockout

Isolation
Valve

Rotameter

Gas Inlet

 
Figure C-2.  Sample Trainercury concentration in units of μg/dNm3.  Using stack gas 

flow rate and gaseous data from the plant’s CEMS and coal Ultimate Analysis (or EPA 
Method 19 F-Factors, if Ultimate Analysis is unavailable), results can be calculated and 
reported in lb/TBtu. 
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APPENDIX D:  Carbon Injection and Delivery System 

 



 

Carbon Injection and Delivery System 

Figure D-1 is a photograph of a 20 ton capacity sorbent silo identical to the one 
installed at Conesville. Powdered activated carbon (PAC) is delivered by bulk pneumatic 
trucks and loaded into the silo, which is equipped with a bin vent bag filter.  From the 
discharge section of the silo, the sorbent is metered by variable speed screw feeders into 
eductors that provide the motive force to carry the sorbent through flexible hose to 
distribution manifolds located on the flue gas ducts at the ESP inlet, feeding the injection 
lances.  Regenerative blowers provided the conveying air.  A programmable logic controller 
(PLC) system is used to control system operation and adjust injection rates.  The unit is 
approximately 50 feet high and 10 feet in diameter with an empty weight of 10 tons.     

 
Figure D-1.  Carbon Injection Storage Silo and Feeder Trains 
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APPENDIX E:  Mercury CEMs 

 



 

Mercury CEMs 

Two mercury CEMs, Thermo Electron Mercury Freedom System™, were placed at 
the inlet and outlet of the ESP to characterize typical mercury concentrations, speciation, and 
native mercury behavior. The performance of these systems was verified using Ontario 
Hydro (OH) measurements and Sorbent Trap Method measurements. 

Three key components of the CEM are the sample extraction probe/converter, the 
mercury analyzer, and the calibration module.  These are described briefly below and 
presented in Figure E-1, which is a schematic of the entire system, showing the key 
components and other supporting instrumentation.  

 
• Sample Extraction Probe/Converter. An inertial filter is used to separate a 

particulate-free vapor-phase sample while minimizing the interactions with fly ash, 
which can cause sampling artifacts.  The sample is immediately diluted with pre-
heated dilution air to minimize mercury reactions with other flue gas species. 

• Mercury Analyzer.  Mercury is measured directly in the analyzer using Cold Vapor 
Atomic Fluorescence Spectroscopy (CVAFS).  There is no cross interference from 
SO2 with CVAFS.  Because the sample is diluted, it has low moisture, is relatively 
non-reactive, and therefore has minimal interference from other gases. 

• Calibration Module.  The calibrator module incorporates a mercury source in a 
temperature-controlled chamber that can be heated or cooled to maintain the source at 
a precise temperature.  The operator can program the calibrator to deliver zero or span 
gas to the analyzer, to the sample port between the inertial filter and the critical 
orifice, or upstream of the inertial filter. 
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Figure E-1.  Thermo Electron Mercury Freedom System™ 
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APPENDIX F:  Sorbent Screening Devices 

 



 

Sorbent Screening Devices 

Two sorbent screening devices (SSD) were used at Conesville during sorbent 
screening.  These devices were designed to operate similarly, both employing a fixed-bed of 
sorbent mixed with ash from the Conesville Unit 6 ESP and inert quartz sand.  One device is 
extractive and uses sorbent traps to measure the mercury downstream of the sorbent bed.  
These sorbent screening tests were conducted at a port located downstream of the Unit 6 ESP 
as indicated in Figure F-1.  The other device is an attachment to the Thermo CEM extraction 
probe and the Thermo CEM is used to measure the downstream mercury.  Both devices are 
described in detail below. 

 

 

Figure F-1.  ESP Outlet Location for Sorbent Screening 

F.1  Extractive Device 
The extractive SSD test apparatus consists of a temperature controlled NEMA 

(National Electrical Manufacturers Association) container connected to an extraction probe 
box and a stack sampling console with two Dry Gas Meters (DGM) to measure volume.  The 
NEMA box mounts directly to a 4-inch, flanged sample port and contains an inertial filter to 
separate fly ash in the flue gas from the sample stream, a gas eductor, and two sorbent test 
beds with downstream carbon traps.  A sketch of the major components of the system and 
associated plant requirements is shown in Figure F-2.  Figure F-3 shows the internal 
components of the NEMA box, including two upgrades added to the system following the 
first round of testing at Conesville to assure adequate temperature control.  The system 
upgrades were a heater on the inlet probe to prevent SO3 condensation in the inlet line and a 
venturi to monitor the flow in the inlet line.  The section of the NEMA box containing the 
inertial filter is maintained at 400°F.  Figure F-4 shows the test bed and sorbent trap holders 
along with the heated enclosure that holds sample trains. 

Location of SSD Tests



 

Plant Requirements
1.  4" Flanged Sample Port
2.  2 x 20 Amp, 120V Power Lines
3.  Plant Air (60 lpm, 10 psi)

SSD Probe 
w/Inertial Filter 

and two Test Beds

Eductor Air 
60 lpm, 10 psi

Filter/Dryer 
Regulator Plant Air10

Temp 
Controller

20 A

4" Flanged 
Sample Port

Silica  Gel

Silica  Gel DGM 1

DGM 2

Gas Sampling 
Box Power

20 A

 

Figure F-2.  Extractive SSD Components 
 

A typical test consisted of installing the test beds, leak-checking, heating to 325°F, 
and then drawing flue gas through the assembly for 90 minutes.  Upon subsequent analyses, 
the mercury collected in the test beds and carbon traps were used to determine the mercury 
removal efficiency of the sorbent.  For these tests, the inlet mercury concentration was 
calculated as the sum of the mercury in the test bed and carbon trap.  The mercury removed 
by the sorbent is the amount of mercury in the sorbent bed divided by the inlet mercury. 
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Figure F-3.  Sketch of SSD Enclosure 
 

 
Figure F-4.  Sample Train Holder and Heater 

 

Heated Enclosure

Carbon Trap Holders 

Sorbent Bed Holders

Inlet Probe Heater 



 

F.2  In-Situ Device 
Prior to the third round of SSD testing at Conesville, a sorbent bed was installed on a 

stainless steel bed-holder at the tip of the Thermo Mercury CEM probe. A sketch of this bed 
is presented in Figure F-5.  The ½-inch tube shown on the left of the figure attaches directly 
to the probe stinger using compression fittings.  This device offers two distinct advantages 
over the extractive device: 1) the bed is installed in the duct, minimizing concerns over SO3 
deposition in cold spots, and 2) mercury is monitored using the CEM, which provides a 
record of the breakthrough behavior of the sorbents. 

1/2" SS Tubing ID = 2.75"

Notched Pin SS

Screen SS

Glass Filter Paper 70mm

Sorbent Bed

Glass Filter Paper 70mm

Screen SS

Spring SS

4"

 
Figure F-5.  Probe-tip Sorbent Screening Bed 
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APPENDIX G:  Source Testing Report 
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APPENDIX H:  CFD Model Report 
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Mercury Control Technology 
Strategies

• Increase natural Hg capture
– Combustion modifications
– Burn coal blends
– Use additives or catalysts

• Use of sorbents 
– Activated carbon injection demonstrated at multiple 

utility boilers
– Other sorbents (doped activated carbon, non-carbon 

sorbents) undergoing testing
• Wet scrubbers
• Multipollutant control methods
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CFD model:  
– Two-phase, chemically reacting flow
– Iterate gas composition (Hg species) with sorbent 

particle trajectories

Sorbent properties

Injector design

Duct geometry and flow characteristics

Modeling Sorbent Injection
√

√

√

√
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Modeling Sorbent Injection

• Injector Design:
– Sorbent loading in flue gas
– Sorbent particle residence time

• Performance Assessment:
– Mercury concentration in gas and sorbent
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Sorbent Injection Demonstration 
at Conesville

• AEP’s Conesville, Unit 6, 
Conesville, OH

• 400 MW boiler firing high-
sulfur Ohio Basin coal
– Inlet Mercury speciation (assumed)

• 40 vol% Hg0

• 60 vol% HgCl2

• Regenerative air heater
• Particulate collection device

– Cold-side ESP, SCA = 301 ft2/1000 
acfm

• Wet FGD Scrubber

C 62.51
S 3.31

H 4.63
H2O 8.79

N 1.23

O 7.05
Ash 12.50
Total 100.02
Trace elements, ug/g dry
Hg 0.381
Cl 275

Fuel heating value, BTU/lb 11,020

Ultimate Analysis, wt%
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Conesville Overall Layout

Unit 5

Unit 6

ES
P

ES
P

Scrubbers Stack

ESP Outlet Sampling
Scrubber Outlet Sampling

Inlet Sampling

Injection

ID Fans
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Duct Geometry – Plan View

Perf
Plate

APH Inlet

(flow into page)

Sy
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ry

75’-11 9/16”

21’-9”

Turning vanes 
and bluff bodies 
used to direct 
flow into ESP inlet
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Duct Geometry – Elevation View

Drawings Not to Scale

Turning vanes 
extend the full 
width of the duct

6’-0”

Elevation 
of sorbent 
injection 
lances
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Injection Lance Array
Plan View
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Injection Lance Array
Viewed from Inside the Duct

Injection 
Sites
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Sorbent Capacity

• Estimate sorbent 
capacity, based on URS 
fixed bed data for 
conditions simulating E. 
Bituminous flue gas: 
– 1600 ppm SO2; 50 ppm HCl; 

400 ppm NOx; 12% CO2; 7% 
H2O; 6% O2

– No SO3

• Equilibrium capacity results are µg Hg/g sorbent  
normalized to 50 µg/Nm3

• Hg in simulated flue gas was >95% HgCl2 for all tests
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• Fit URS capacity 
data for HgCl2

• Assume Hg0

capacity is twice 
HgCl2 capacity

• Use Freundlich
isotherm to model 
sorption of 
mercury species

Inputs to Model:  
Sorbent Capacity
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Non-Isothermal Case

1. BASELINE CASE 

• Non-Isothermal Inlet 
Temperature Ranges from 
325°F to 375°F (West to East)

• Uniform mass flux at the APH 
exit (model inlet)

• 9.95 lb/MMacf sorbent injected



Page 14

Baseline Sorbent Mass Density 

•Two outermost lances produce  
high sorbent concentration in 
outer sections of flue gas  

Sorbent Mass 
Density (lbsorb/ft3gas)
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Baseline Sorbent Mass Density 

Exit Plane

Sorbent Mass 
Density (lbsorb/ft3gas)
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Baseline Hg0 + HgCl2
Concentration

Hg0 + HgCl2
mass fraction

•Increased removal 
observed on the cooler 
side of the duct, and less 
removal is seen on the 
hotter side
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Equilibrium Capacity for Hg0

• Capacity 
decreases with 
increases in 
– SO3

– Temperature
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Non-Isothermal Case

2.  ISOTHERMAL CASE 

• Isothermal inlet temperature 
350°F 

• Uniform mass flux at the APH 
exit (model inlet)

• 9.95 lb/MMacf sorbent injected
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Hg0+HgCl2 Concentration
(exit plane)
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Effect of Temperature Variation

• Temperature variation across the duct 
(325oF to 375oF) changes average exit Hg 
concentration across the duct, relative to 
the isothermal (350oF) case

• Temperature variation does not affect the 
overall Hg reduction

• Variation with temperature depends on 
assumed variation in Hg adsorption 
isotherms with temperature
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Non-Isothermal Case

3.  REDUCED LANCES CASE 

• 10 vs. 12 injection lances
• Non-isothermal inlet 

temperature profile
• 9.95 lb/MMacf sorbent injected
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Reduced Lances
Hg0 + HgCl2 Concentration

Hg0 + HgCl2
mass fraction

Two injection pipes 
removed.
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Removal of Outer Lances

• Removing outer lances (one on each 
side) gives a more even distribution of 
sorbent
– Hg concentrations at exit in the middle of the duct are 

10% lower than the 12-lance case

• Temperature variation still results in 
variation in Hg exit concentration from 
side to side
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Equilibrium Capacity for Hg0

• Capacity 
decreases with 
increases in 
– SO3

– Temperature
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Non-Isothermal Case

4.  REDUCED SORBENT CAPACITY 

• Non-isothermal inlet temperature 
• 12 lances
• Uniform mass flux at the APH exit 

(model inlet)
• 9.95 lb/MMacf sorbent injected 
• Sorbent capacity was reduced in half
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Previous Result, 44% total removal

Sorbent Capacity Reduced to Half, 34% total removal

•Increased removal is observed on the 
cooler side of the duct, and less 
removal is seen on hotter side
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Reduced Sorbent Capacity

• Reducing the sorbent capacity by half 
decreased the amount of Hg removed 
by 23%
– If the removal were diffusion-limited, there would have 

been no change
– If capacity-limited, the amount removed would have 

been 50% of that originally modeled
– The results suggest control is between the two regimes
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Conclusions
• Temperature variation across duct (325oF to 375oF) gives 

variation in exit Hg concentration across the duct, but little 
change in overall Hg reduction relative to isothermal (350oF) 
case

• Removing outer lances (10 lances instead of 12) gives a 
more even distribution of sorbent and Hg removal

– Hg concentrations at exit in the middle of the duct are 10% lower than the 12-
lance case

• Cutting sorbent capacity in half, reduces overall Hg removal 
by 23%

34%4. Reduced sorbent capacity: 12 lances, 325-375oF

45%3. Reduced (10) lances, 325-375oF

45%2. Isothermal:  12 lances, 350oF

44%1. Baseline: 12 lances, 325-375oF

Hg RemovalCase
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