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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 

ADA-ES, Inc., with support from DOE/NETL, EPRI, and industry partners, 
conducted full-scale activated carbon injection testing at AmerenUE’s Labadie Power Plant, 
one of six sites that were evaluated in this DOE/NETL program.  This is the final report for 
Labadie Power Plant Unit 2. 

The overall objective of the this test program was to evaluate the capabilities of 
activated carbon injection at plants having configurations that together represent 78% of the 
existing coal-fired generation capacity in the U.S.  The six plants tested were Sunflower 
Electric’s Holcomb Station Unit 1, AmerenUE’s Meramec Station Unit 2, Missouri Basin 
Power Project’s Laramie River Station Unit 3, DTE Energy’s Monroe Power Plant Unit 4, 
AEP’s Conesville Station Unit 6, and Labadie Power Plant Unit 2.  The financial goals for 
the program, established by DOE/NETL, were to reduce the uncontrolled mercury emissions 
by 50 to 70% at a cost 25 to 50% lower than the target established by DOE of $60,000/lb 
mercury removed.  Results from testing at Labadie indicate the DOE goal was successfully 
achieved.  However, further improvements that would improve both mercury removal 
performance and economics for plants with similar configurations to Labadie are 
recommended. 

Labadie burns Powder River Basin (PRB) coal in its 600-MWE Unit 2.  Particulate is 
collected in a cold-side ESP and SO3 is used to condition the gas for enhanced particulate 
control.  Parametric testing and an extended 15-day continuous injection test were conducted 
at Labadie.  Parametric testing included injection either upstream or downstream of the air 
preheater, testing at various SO3 setpoints, coal additive testing, and milled carbon testing.  
Initial mercury control evaluations indicated that, like many plants burning PRB fuels, native 
mercury removal was typically very low.  The impact of SO3 on mercury capture with 
activated carbon was characterized and shown to be significant.  Milling the activated carbon 
using ADA’s patented process and injecting upstream of the air preheater were effective 
techniques to improve mercury removal effectiveness, but neither provided sufficient 
improvement to overcome the impacts of SO3 injection at the plant’s typical operating point.  
These results are presented in this report. 
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INTRODUCTION 

The power industry in the U.S. is faced with meeting new regulations to reduce the 
emissions of mercury compounds from coal-fired plants.  Power plants that burn Powder 
River Basin (PRB) coal and have only cold-side electrostatic precipitators (ESPs) for air 
pollution control represent a challenging configuration for cost-effectively controlling 
mercury emissions.  Full-scale field tests have confirmed that the average native mercury 
removal at these PRB units is low, typically less than 25%, and the effectiveness of standard, 
non-chemically treated, activated carbon injected for mercury control is greatly diminished 
by the low halogen concentrations in the flue gas. 

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 ESP at AmerenUE’s 600-MWE Labadie Power 
Plant Unit 2.  This report presents results from the demonstration including the effect on 
mercury emissions when 1) injecting sulfur-tolerant sorbents, 2) injecting sorbents upstream 
of the air preheater and upstream of SO3 injection, and 3) milling the activated carbon using 
ADA’s patented process to increase particle density and surface area available for mercury 
capture.  The impact of sorbent injection on opacity, ESP operation, and particulate 
emissions was also evaluated.  At the request of EPRI and Ameren, Trona was evaluated to 
determine if it would enhance ESP operation in the absence of SO3. 
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EXECUTIVE SUMMARY 
The primary objective of testing at Labadie Power Plant was to determine the cost 

and effects of sorbent injection for control of mercury in stack emissions as well as 
measuring changes in fine particulate emissions while injecting powder activated carbon 
(PAC).  Labadie Unit 2 is identical in size and configuration to the three other units at 
Labadie as well as two units at another Ameren site.  Labadie Power Plant was chosen for 
this evaluation because it has a marginally sized, cold-side ESP (SCA = 279 ft2/kacfm), it 
fires a variety of coals from the Powder River Basin (PRB), and it uses SO3 to condition the 
flue gas for improved particulate capture.  While testing at Labadie, the presence of SO3 in 
flue gas impacted the effectiveness of activated carbon for mercury control.  General 
observations and conclusions from testing include: 

Mercury Removal Summary 
• Native (baseline) 

- Native mercury removal was less than 15% during two baseline periods.  This 
number is based on inlet mercury concentrations levels ranging from 11 to 
13 µg/m3 (7.01 to 9.51 lb/TBtu, corrected to 3% O2). 

- Native removal was nominally 15% during testing. 

- Turning off SO3 resulted in an increase in the baseline mercury removal up to 
nearly 40%. 

• Parametric Testing 
- PAC injection downstream of the air preheater (APH) and SO3 injection: 

 Norit’s DARCO® E-26, a bromine-treated carbon with alkali, performed 
better than DARCO® Hg-LH (bromine-treated, no alkali) during limited 
testing.  Specifically, when the concentration of SO3 injected was 5.2 ppm and 
at an AC injection concentration of 2.5 lb/MMacf, 71% mercury removal was 
achieved with E-26 compared to 58% with Hg-LH.  At 5 lb/MMacf, 74% 
mercury removal was achieved with E-26™ compared to 67% with Hg-LH.  
DARCO E-26 may be a feasible mercury control option for a unit of similar 
configuration to Labadie.  Additional testing is required to determine balance-
of-plant impacts. 

 The effectiveness of all sorbents decreased with increasing SO3.  For example, 
at nominally 8 lb/MMacf Hg-LH, 78%, 58 to 67%, and 52% mercury removal 
was achieved at no SO3, 5.2 pm SO3, and 10.3 ppm SO3 respectively. 

 BASF’s, concrete friendly sorbent, MS-200 was not effective for mercury 
control at Labadie. 

- PAC injection upstream APH and SO3 injection  

 In general, all sorbents tested both upstream and downstream were more 
effective when injected upstream of the APH whether the SO3 injection 
system was on or off. 
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 The performance of Calgon FLUEPAC®-MC PLUS was similar to DARCO 
Hg-LH.  For example, at 5.2 ppm SO3, between 80 and 90% mercury removal 
was achieved by injecting 5 lb/MMacf of either PAC. 

 Data gathered while co-injecting DARCO® Hg and the coal additive KNX™ 
at various carbon and SO3 injection concentrations indicates that the addition 
of bromine to the coal in the form of KNX results in similar mercury removal 
compared to injecting chemically enhanced PAC.  For example, at 5.2 ppm 
SO3, 70% mercury removal was achieved with 2.6 lb/MMacf of Hg + KNX 
compared to 67% with either bromine-treated PAC.  At 5.2 lb/MMacf PAC, 
79% mercury removal was achieved with Hg + KNX compared to 80 to 90% 
removal with bromine treated PAC. 

 Calgon’s brominated ash-compatible sorbent was not as effective as Hg-LH or 
MC PLUS, achieving only 69% removal at 5.5 lb/MMacf and 5.2 ppm SO3.  
Calgon indicated this batch may not have been representative. 

• Extended Injection Testing 
- Milling PAC on-site significantly increased PAC effectiveness.  For example, the 

average mercury removals were 73% at 5.5 lb/MMacf for as-received PAC and 
85% at 5.0 lb/MMacf for the milled PAC.  All extended tests were conducted with 
Calgon MC PLUS 

- The average outlet mercury concentrations for the entire extended tests, corrected 
to 3% O2, were 2.09 lb/TBtu at 5.5 lb/MMacf as-received PAC and 1.31 lb/TBtu at 
5 lb/MMacf milled PAC. 

• Balance-of-Plant 
- Numerous material-handling issues associated with Calgon FLUEPAC-MC PLUS 

were encountered during extended testing at Labadie.  Based upon experience at 
other sites and with other carbon manufactures, these problems appear to be 
specific to Calgon’s material.  Some are distribution issues that will likely be 
resolved as the market develops.  Those associated with the abrasiveness of the 
carbon will need to be addressed by equipment manufacturers.   

- No changes in opacity, air preheater differential pressure, or other balance-of-plant 
issues were observed as a result of PAC injection. 

Trona Injection for Flue Gas Conditioning 
Trona was tested to investigate if this alkali-based compound could replace SO3 for 

flue gas conditioning.  There was no indication that Trona either increases ESP power levels 
or decreases opacity in the way that the current SO3 system does.  Accordingly, for Labadie 
Unit 2, Trona was not found to be a suitable replacement for SO3 flue gas conditioning. 

The goals for the program established by DOE/NETL were to reduce the uncontrolled 
mercury emissions by 50 to 70% at a cost 25 to 50% lower than the target established by 
DOE of $60,000 per pound mercury removed.  The results from Labadie Unit 2, with 
5.2 ppm SO3, indicate that milling standard commercially available bromine-treated carbon 
onsite, such as Calgon’s MC PLUS or Norit’s Hg-LH, increased the effectiveness of the 
PAC.  Based upon the test results described in this report, to achieve 85% mercury removal 
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with SO3 injection of 5.2 ppm, the estimated current sorbent cost would be $8,800 per pound 
of mercury removed.  This is 85% lower than the benchmark $60,000 per pound established 
by the DOE.  To achieve 75% removal with an as-received bromine-treated carbon and SO3 
injection of 5.2 ppm, the cost is $10,400 per pound of mercury removed.  These results 
demonstrate that the cost goals established by DOE/NETL were exceeded during Labadie 
testing. 

A system to mill PAC on-site, an ADA patented process, for the configuration 
described in this report would have an uninstalled capital cost of approximately $1.7 M, not 
including balance of plant systems.  The annual operating cost would approach $4.8 M, 
including lost fly ash sales.  A standard PAC injection system capable of 75% removal, with 
5.2 ppm SO3, would have an uninstalled capital cost of approximately $1.1 M, not including 
balance of plant systems.  The annual operating cost would approach $5.7 M, including lost 
fly ash sales. 
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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 was to evaluate the capabilities of activated 
carbon injection at five 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 allowed the team to 1) 
effectively evaluate activated carbon and other viable sorbents on a variety of coals and plant 
configurations, and 2) perform long-term testing at the optimum conditions for at least one 
month.  In the case of the Labadie Power Plant a 15-day extended injection period was 
utilized.  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 

8. Management and Reporting 

A detailed description of each task is given Appendix A. 
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Table 1.  Project 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 (MWE) 360 140 550 785 400 600 

Test Portion 
(MWE) 180 and 360 70 140 196 400 600 

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 six-site program.  The organizations providing co-funding for tests at 
Labadie include: 

ADA-ES, Inc. 
AmerenUE* 
American Electric Power* 
Arch Coal 
Calgon Carbon Corporation 
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: 

AmerenUE Labadie Power Plant  
Ameren Managing Supervisor:  Thomas Orscheln 
Ameren Project Manager:  Steve Wahlert (retired) and Larry Illingworth 
Labadie Site Engineer:  Brian Griffen 

ADA-ES, Inc. 
Project Manager:  Sharon Sjostrom 
Site Manager:  Martin Dillon 

DOE/NETL 
Project Manager:  Andrew O’Palko 

EPRI 
Project Manager:  Ramsay Chang 

Particulate Testing 
Air Sampling Associates: Bill Mullins and Bill Hefely 
Platt Environmental: Eric Ehlers 

Analytical laboratories 
Frontier Geosciences 
McMaster University 
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LABADIE PROJECT OBJECTIVES AND TECHNICAL 
APPROACH 

The main objective of testing at AmerenUE’s Labadie Power Plant was to determine 
the cost and effects of sorbent injection for control of mercury in stack emissions from 
Unit 2.  Labadie Power Plant is located in Franklin County, Missouri.  Labadie Unit 2 fires 
100% western subbituminous coals from a variety of mines in the Powder River Basin 
(PRB).  The unit is equipped with an ESP for particulate control and has an SO3 injection 
system for enhancing particulate control.  The general technical approach for the field-testing 
was to follow a series of tasks, as listed below. 

1. Sorbent selection and screening 

2. Sample and data collection coordination 

3. Baseline testing 

4. Parametric testing 

5. Extended testing 

Parametric and long-term test conditions were chosen to meet an overall objective of 
identifying options to enhance mercury removal for units requiring flue gas conditioning to 
improve particulate capture across the ESP.  The evaluation focused on activated carbon 
injection using treated and untreated sorbents; some of these materials were tested at 
Conesville Station Unit 6 and were retested in the much lower and variable SO3 environment 
at Labadie.  All Labadie testing was conducted in the full 630-MWG Unit 2 flue gas stream. 

Importance of Testing at Labadie 
Labadie Unit 2 was chosen for this evaluation because it has a marginally sized, cold-

side ESP (SCA = 279 ft2/kacfm), it fires a variety of sub-bituminous coals from the PRB, and 
it uses SO3 for flue gas conditioning to enhance ESP particulate control.  Labadie’s SO3 
system can be turned off for short periods without exceeding opacity limits.  The SO3 
injection system is typically set to automatically adjust based on the outlet temperature of the 
APH.  The SO3 system can also be manually controlled by plant operators 30% (5.2 ppm) to 
60% (10.3 ppm).  This provided an opportunity to characterize the impact of SO3 on the 
mercury removal effectiveness of activated carbon.  The configuration of Labadie also 
provided the opportunity to evaluate PAC injection both upstream and downstream the APH 
and SO3 injection. 

Labadie Site Description 

General Description of Unit 2 
Labadie Unit 2 is a Combustion Engineering; tangentially fired, dry-bottom boiler 

rated at 630 MWG and was commissioned in 1971.  The unit was originally configured to 
burn Illinois bituminous coal and switched to Powder River Basin (PRB) coals in the late 
1970s.  The unit combusts a variety of PRB fuel including Cordero Rojo, Buckskin, Low 
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Sulfur Jacobs Ranch, Black Thunder, Antelope, and Caballo.  Table 3 provides plant 
operating parameters and Table 4 provides typical coal quality data for Caballo, Antelope, 
and Black Thunder Coals. 

The Labadie Unit 2 is fitted with low-NOx burners, LNCFS™ Level III, and utilizes 
SOFA for NOx control.  No post-combustion NOx or SO2 control devices are installed on this 
unit.  Gas from the Unit 2 economizer splits (50%/50%) between two runs of ducting which 
each contain a Ljungström air pre-heater.  Particulate control is accomplished with three 
parallel ESPs (A and B were original, and C was added later to account for the increase in 
ash loading from subbituminous fuels).  These ESPs have a combined specific collection area 
of 279 ft2/kacfm.  Flow control to the three ESPs is accomplished by louver dampers that 
adjust with load.  An SO3 injection system with injection lances downstream of the APH is 
used to enhance particulate removal.  The general arrangement is shown in Figure 1.  Type C 
fly ash is sold to ash marketers, and ash Loss on Ignition (LOI) levels are driven by their 
specifications (< 0.5%). 

Table 3.  Labadie Typical Operating Parameters. 

Parameter   Labadie Unit 2 

Boiler Manufacturer  Combustion Engineering 

Type  Tangentially fired 

Turbine Rating MWE 600 

Burner Type  LNCFS™ Level III 

NOx Control  Low-NOx burners with SOFA, and 
Pegasus Combustion Software 

Air Preheater (Type)  Ljungström Regenerative 

Particulate Matter Control Device  ESP—Cold-Side 

ESP Manufacturer  “A” & “B” Research-Cottrell; “C” Flakt 

Specific collection area  ft2/kacfm 279 Overall, flow variable 

Typical ESP operating temperature °F 300 to 350 (A/B APH) 

Flue gas conditioning agent  SO3 
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Table 4.  Typical Labadie Coal Quality Data. 

Parameter 
Caballo 
Average 

(Dry Basis) 

Antelope 
Average 

(Dry Basis) 

Black Thunder 
Average 

(Dry Basis) 

Higher Heating Value (Btu/lb) 12,054 12,005 11,898 

Carbon (%) 70.19 70.06 65.25 

Hydrogen (%) 4.99 4.90 5.92 

Nitrogen (%) 1.00 1.06 1.10 

Chlorine (Cl) (%) 0.01 0.01 0.03 

Sulfur (S) (%) 0.51 0.33 0.56 

Ash (%) 6.28 7.16 10.64 

Oxygen (%) 16.26 16.48 16.50 

Mercury (Hg) (lb/TBtu) 11.17 5.12 6.50 
 

Unit 2 flue gas exits the regenerative air heater at a temperature of 350 ºF, flows 
through the ESPs, and is exhausted to the atmosphere 700 feet above grade.  A continuous 
emissions monitoring system (CEMS) monitors NOX, SO2, CO2, opacity, and flow rate.  The 
CEM ports and monitors are located on a stack platform 276 feet above plant grade. 

Sorbent Injection Equipment and Location 
Sorbent injection was conducted either upstream the APH or downstream the APH 

and SO3 injection location.  In both scenarios, the entire 600 MWE flue gas stream was 
evaluated.  A general plant arrangement sketch with measurement and injection locations is 
depicted in Figure 2.  The sorbent injection ports upstream of the APH were available at the 
plant prior to this mercury control program.  Although these ports were not ideally spaced for 
activated carbon injection, they were symmetric across the duct and provided fairly good 
distribution. 

The sorbent injection lances used at Labadie had an open-end design, with either one 
or two lances per port.  The lance array presented in Figure 1 depicts half of the array at each 
injection location upstream of the APH and downstream of SO3 injection system. 
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Figure 1.  Single-Nozzle Injection Lance Array as Viewed from Inside the Duct. 

Two methods of sorbent delivery were used for sorbent injection.  Four (4) Porta-
PAC™ systems from Norit Americas were used during parametric testing in September 2006 
through January 2007.  From August through October 2007 a portable silo system, developed 
by ADA-ES, was used.  Descriptions of the injection equipment are included in Appendix B. 
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Note:  Ground level is 491’ (grade reference to sea level). 

Figure 2.  General Plant Arrangement with Measurement and Injection Locations. 

Monitoring Equipment and Locations 
Two Thermo Fisher Mercury Freedom System™  continuous mercury monitors were 

used to provide real-time feedback during the entire baseline, parametric and extended 
injection test program at Labadie.  A description of the Mercury Freedom System™ is 
provided in Appendix C.  The inlet measurement port was upstream of the APH and the 
outlet measurement port was on the 767’ level of the stack.  Both inlet and outlet mercury 
CEM probe locations in the duct were representative of average velocities and temperatures.   

Mercury: Modified Appendix K (Sorbent Trap Method) samples were collected for 
relative accuracy checks during testing.  Further discussion of the equipment and analysis 
techniques are provided for reference in Appendix D. 

Description of Field Testing Subtasks 
The Labadie field tests were accomplished through a series of four subtasks:  

1) sample and data coordination, 2) baseline testing, 3) parametric testing, and 4) extended 
injection.  The subtasks are independent from each other in that they each have specific goals 
and tests.  However, they are also interdependent, as the results from each subtask influenced 
the test parameters of subsequent tasks.  A summary of each subtask is presented in the 
following sections.  The test schedule from Labadie is presented in Table 5. 
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Table 5.  Labadie Testing Schedule. 

Test Description Test Dates Parameters/Comments 
Setup 
(Round 1) 

11/6–11/16/06 Equipment Set Up 

Baseline  
(Round 1a) 

11/13–11/15 
11/17–11/20 

EPA Method 5/202 Baseline Measurements at APH inlet and stack 
 
Baseline mercury measurements including STMs collected at APH 
inlet and stack 

Parametric Testing 
(Round 1a) 

11/20 
11/21 
11/22 

Day 1 – E-25c injection 1, 3, 5, 9 lb/MMacf (downstream APH) 
Day 2 – E-26 injection 2.5, 5, 7.5 lb/MMacf (downstream APH) 
Day 3 – E-26 injection 9 lb/MMacf (downstream APH) 

Baseline  
(Round 1b) 

11/23–11/27 Test crew offsite – additional mercury baseline data collection period 

Parametric Testing 
(Round 1b) 

11/28 
11/291 
11/301 
12/1 
12/21 
12/31 

Day 4 – BASF 4, 8 lb/MMacf (downstream APH) 
Day 5 – BASF 8 lb/MMacf (downstream APH) 
Day 6 – E-26 1, 3, 5, lb/MMacf (downstream APH) 
Day 7 – Hg-LH 5 lb/MMacf (downstream APH) 
Day 8 – Hg-LH 2.5 lb/MMacf (downstream APH) 
Day 9 – Hg-LH 7.5 lb/MMacf (downstream APH) 

 12/41 
12/51 
12/61 
12/71 
12/81 

Day 10 – Hg-LH 2.5 lb/MMacf (upstream APH) 
Day 11 – Hg-LH 5 lb/MMacf (upstream APH) 
Day 12 – Hg-LH 2.5, 8 lb/MMacf (upstream APH) 
Day 13 – Hg-LH 5, 8 lb/MMacf (upstream APH) 
Day 14 – Hg, Hg + KNX 2.5 lb/MMacf (upstream APH) 

Plant Outage 12/9–12/14 Short duration boiler outage – No parametric testing or baseline data 
collection. 

Baseline (Round 1c) 12/15–1/8/07 Test crew offsite - additional mercury baseline data collection period 
over holidays. 

Sorbent Screening 1/9–1/11 Sorbent screening with outlet Mercury CEM 

Baseline (Round 1d) 1/12–1/28 Additional mercury baseline data collection period 

CEM Maintenance 1/29–11/30 CEM maintenance period 

Parametric Testing 
(Round 1c) 

1/31/07 
2/1 
2/21 
2/31 
2/6 

2/7 

Day 15 – DARCO Hg: 1, 2.5, 5 lb/MMacf (upstream APH) 
Day 16 – KNX coal additive only 
Day 17 – DARCO Hg + KNX: 2.5, 5 lb/MMacf (upstream APH) 
Day 18 – DARCO Hg + KNX: 2.5, 5 lb/MMacf (upstream APH) 
Day 19 – FLUEPAC-MC PLUS: 2.5, 5 lb/MMacf (upstream APH) 
Days 20 – 26 (New): 2.5, 5 lb/MMacf (downstream APH) 

Utility sponsored 
Testing 

2/25–2/28 Utility sponsored test period. 

Demobilization 2/28–3/3 Site Demobilization Activities for Porta-PACs and Mercury CEMs 

Coordination and 
Planning Activities  

3/4–7/23 Extended Testing Period Planning and Coordination Activities 

Setup 
(Round 2) 

7/24–8/13 CEM Installation, PAC and Trona Silo Installation 

Baseline  
(Round 2a) 

8/14–8/19 
 
8/23 

Baseline Mercury CEM and EPA Method 5/202 measurements at 
APH inlet and stack2 
STMs on stack 
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Parametric Testing 
(Round 2a) 

8/21–8/221,3 
8/22–8/231,3 

Day 21 – FLUEPAC-CF PLUS:  5 b/MMacf (upstream APH) 
 
Day 22 –Non-DOE testing 

Enhancement System 
Setup and Installation 

8/24–8/30 Enhanced system mobilization for PAC and Trona Injection Systems 

Baseline  
(Round 2b) 

8/31–9/10 Test crew offsite - additional mercury baseline data collection period 

Parametric Testing 
(Round 2b) 

9/11 
9/12 

Day 23 – Hg-LH 1, 2.5, 5 lb/MMacf (upstream APH) 
Day 24 – Hg-LH 2.5, 5 lb/MMacf (upstream APH) 

Trona Testing 
(Round 1a) 

9/13–9/14 Preliminary parametric Trona testing period 

Baseline  
(Round 2c) 

9/15–9/17 Test crew offsite - additional mercury baseline data collection period 

Trona Testing 
(Round 1b) 

9/18–9/204 ADA-Enhanced Trona Injection: 1%, 3% by ash weight (355 and 
1165 lbs/hr) (downstream APH) 

Baseline  
(Round 2d) 

9/21–9/28 Test crew offsite - additional mercury baseline data collection period 

Parametric Testing 
(Round 2c) 

9/29 
 
9/301 
10/11 
10/2 
10/2 

Day 25 – ADA-Enhanced DARCO Hg-LH: 1, 2.5, 5 lb/MMacf 
(upstream APH) 
Day 26 – Non-DOE testing 
Day 27 – FLUEPAC-MC PLUS: 2.5, 5 lb/MMacf (upstream APH) 
Day 28 – FLUEPAC-MC PLUS: 2.5, 5 lb/MMacf (upstream APH) 
Day 29 – ADA-Enhanced FLUEPAC-MC PLUS: 2.5, 5 lb/MMacf 
(upstream APH) 

Extended Testing 10/2–10/17 
 
10/8–10/12 

Extended Injection with FLUEPAC-MC PLUS:  Target injection rate 
5 lb/MMacf.  Alternate testing between unenhanced (as-received 
product) and ADA sorbent enhancement process 
EPA Method 5/202 measurements at APH inlet and stack during 
extended test period 

Demobilization 10/17–10/20 Complete Site Demobilization and equipment shipment outbound 

Notes: 1. SO3 manually varied during course of testing. 
2. EPA Method 5/202 Testing conducted during owl shift 20:00–06:00 due to full load restrictions. 
3. Testing during owl shift 20:00–06:00 due to full load restrictions. 
4. SO3 FGC system was decreased during first several hours of testing to standby (0%). 
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Sorbent Selection and Sorbent Descriptions 
A key component of the planning process for these evaluations is identifying potential 

sorbents for testing.  A brief description of sorbents included is given below: 

• DARCO® Hg, the benchmark, lignite-based activated carbon that has been used in 
most mercury sorbent injection testing to date (it was formerly called DARCO® FGD). 

• DARCO® Hg-LH, a lignite-based activated carbon treated with bromine for improved 
effectiveness in low halogen flue gases, such as those produced from firing PRB coal. 

• DARCO E-25c™, a lignite-based activated carbon treated with alkaline materials to 
protect the carbon from acid gases in the flue gas.  This material demonstrated some 
benefit over DARCO Hg® during testing at AEP’s Conesville Station. 

• DARCO E-26™, a lignite-based activated carbon treated with bromine for improved 
effectiveness in low halogen flue gases and alkaline materials to protect the carbon 
from acid gases in the flue gas. 

• BASF MS200, a mineral-based sorbent that demonstrated promise during fixed-bed 
screening tests at Electric Energy Incorporated, Joppa Station. 

• KNX™, a bromine-based coal additive licensed to Ameren for this program by 
ALSTOM.  KNX is designed to increase the fraction of oxidized mercury in the flue 
gas.  

• Calgon FLUEPAC™-MC PLUS, a bituminous-based activated carbon, which is 
derived from virgin or regenerated material, treated with a proprietary halogenation 
process to enhance mercury capture in the flue gas. 

• Calgon FLUEPAC™-CF PLUS, a bituminous-based activated carbon, which is 
derived from virgin or regenerated material, treated with a proprietary halogenation 
and ash compatible process to enhance mercury capture in flue gas as well as allow 
for beneficial reuse in concrete  

Sorbents were evaluated during parametric testing against the following criteria:  
1) mercury removal effectiveness, 2) impact of SO3 on mercury removal effectiveness, and 
3) impact of sorbent on balance-of-plant operating factors such as opacity and particulate 
emissions.  The sorbents with the best performance during the parametric tests were 
candidates for long-term testing. 

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 for at Labadie is 
included in Appendix E.  Table 6 presents an example of samples and data collected during 
testing. 
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Table 6.  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 Selected hopper samples Yes No/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) STM, Modified Appendix K Yes Yes 

Particulate Emissions EPA Methods 5 and 202 Yes No/Yes 

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, 
ammonia flow rate, etc.) Yes Yes 

 
Various kinds of plant operating data were collected and made available immediately 

to the testing program via a workstation that the test team had connected to the plant control 
and information system.  Grab samples of ash were collected from the ESP hoppers each day 
of testing and were later analyzed for mercury content.  A sketch of the ESP hopper 
configuration showing how the hoppers were numbered is presented in Figure 3.  In the 
sketch, the sampled hoppers are denoted in the drawing legend.  Coal samples were batch 
sampled daily from the coal bunkers and provided for analysis.  
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Figure 3.  Sketch of Unit 2 ESP Hoppers Showing Module Numbering. 

Baseline Testing (No Sorbent Injection) 
Several weeks of baseline test data, including mercury measurements with the CEMS 

and plant operation data, were gathered over the two test periods, spanning fall 2006 and 
summer 2007, listed in Table 5.  The first full baseline test period, during fall 2006, occurred 
November 11–20, 2006.  The second full baseline period, during summer 2007, was 
August 14–19.  Baseline mercury data were used to characterize native capture across the 
ESP while no sorbent was injected.  During baseline test conditions, Unit 2 was maintained 
at standard full-load conditions, about 600 MWE, between the hours of 7:00 a.m. and 
7:00 p.m.  Additional baseline mercury data were gathered outside of the parametric test 
periods while the ADA test crew was off site. 

In addition to the plant data and mercury CEM data, during each baseline test period, 
several manual measurements were also conducted at the APH inlet and stack, including the 
following: 

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

• M5/M202 (Particulate Concentrations) 
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Parametric Testing 
Following baseline test periods, several days of parametric testing were conducted as 

shown in the Table 5.  During all parametric tests, sorbents were injected in sufficient 
quantity to treat the entire 600 MWE flue gas stream.  By injecting sorbents at various rates, a 
relationship was developed between sorbent injection rate and mercury removal efficiencies.  
Mercury measurements were made with the Thermo Mercury Freedom™ CEM and Modified 
Appendix K (STM) during parametric tests to fully characterize mercury capture with 
sorbent injection.   

During Labadie testing, 19 days of parametric testing were accomplished over the fall 
2006 and summer 2007 test periods outlined in Table 5.  Four mercury sorbents where 
characterized downstream of the air pre-heater, an additional seven sorbents where 
characterized upstream the air pre-heater including Alstom’s bromine-based coal additive, 
KNX.  In addition to the seven sorbents tested, KNX was tested in conjunction with Norit 
Americas unhalogenated DARCO Hg. 

Extended Testing 
Extended testing was conducted at the “optimum” settings as determined by the 

parametric tests and approved by DOE/NETL and AmerenUE.  The goals of this task were to 
obtain sufficient operational data on mercury removal efficiency over a 15-day period, 
determine the effects on the particulate control device and on byproducts, as well as to 
evaluate impacts to the balance-of-plant equipment to prove viability of the process, and 
determine the process economics.  Another parameter which was closely monitored during 
the 15-day test was the pressure drop across the air-preheater since sorbent was being 
injected at the inlet to the APH.  Mercury measurements were made upstream of the air pre-
heater and on the stack with separate Thermo Mercury Freedom™ CEM analyzers.  Also 
during this test, STM, and EPA Methods 5 and 202 measurements were conducted both 
upstream of the air pre-heater and at the stack.   
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RESULTS FROM LABADIE TESTING 
The field testing at Labadie was divided into three periods: baseline, parametric, and 

extended testing.  During baseline testing, no sorbent was injected into the duct, but 
operating parameters such as the SO3 injection concentration were varied.  During parametric 
testing, the performance of four sorbents were evaluated downstream the APH and eight 
sorbents were evaluated upstream the APH.  When sorbent supply and time allowed, sorbents 
were tested at both injection locations, with varying SO3 injection concentrations, and 
injection ratios.  During extended testing, the performance of one sorbent was evaluated 
during a 15-day continuous injection period.  Results from each test series are included in 
this section. 

Velocity and Temperature Profiles 
Prior to the baseline test sequence, equipment set-up, installation, and operational 

check-out were performed.  One of the preliminary tests performed was a velocity profile of 
the APH inlet and the ports on the stack.  Data was used to assure the mercury CEM 
extraction locations were at representative locations and to assess whether the injection grid 
was designed properly for good sorbent distribution.   

During initial baseline testing, in November 2006, velocity and temperature traverses 
were conducted in conjunction with EPA Method 5 (Determination of Particulate Matter 
Emissions from a Stationary Sources) and Method 202 (Condensable Particulate Matter from 
Stationary Sources) at the inlet of the Unit 2 APHs.  Six of the eight ports were accessible by 
the sampling equipment (three on the A-side, three on the B-side).  Plots of the velocity and 
temperature profiles for the A-duct and B-duct are presented in Figure 4 and Figure 5 
respectively.  The temperatures (°F) where direct thermocouple measurements on the probe 
whereas the velocity (fpm) was calculated at each sample point using pitot measurements and 
the following equation: 

( )
( )46012

4602
60

+××××
Δ×+××××

=
stddair
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PTMWPg
xCV

ρ
ρ

 

Where =fC   Pitot Tube Calibration Factor 

 =g  32.174 ft/sec2 Acceleration of gravity 

 =manρ  62.32 lb/ft3 Density of manometer oil 

 =stdP  29.92”H2O Standard Pressure 

 =airMW  28.96 lb/lb-mole Molecular Weight of air 

 =dT  º F Duct Temperature 

 =ΔP   Differential Pressure 

 =airρ  0.0752 lb/ft3 Density of air 

 =dP  ” H2O Duct Pressure 

 =MW  lb/lb-mole Molecular Weight of duct gas 

 =stdT  68º F Standard Temperature 
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Figure 4.  Labadie Unit 2 A-Duct APH Inlet Velocity and Temperature Traverse Data. 
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Figure 5.  Labadie Unit B-Duct APH Inlet Velocity and Temperature Traverse Data. 

Baseline Testing Results (No Sorbent Injection) 
Baseline testing (no sorbent injection) for fall 2006 testing was November 13th 

through 20th.  The baseline period for summer 2007 testing was August 14–20 with modified 
Appendix K measurements collected on August 24.  Results from coal samples collected 
during the full two baseline periods are shown in Table 7. 
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Mercury concentrations at the air-preheater inlet and on the stack were measured with 
a mercury continuous emissions monitor and then checked, for relative accuracy with the 
sorbent trap method (STM) during both baseline testing periods.  Periodic coal grab samples 
were also taken and analyzed for comparison and are included in Table 8.  The time delay 
from when the coal is sampled to when the coal is fired is typically 8 hours depending on the 
boiler load.  It was not always possible to receive a coal sample which would correspond to a 
particular event such as STM measurements.  As shown in Table 8, Table 9, and Table 10 the 
differences between coal, STM and CEM readings agree well and are within 20%. 

Mercury CEM measurements during the first and second baseline periods indicate 
that the mercury removal averaged less than 15%.  Baseline mercury was collected 
throughout the project with the installed CEMs while injection testing was not underway and 
while test crews were offsite.   

Outlet particulate emissions are a key parameter in assessing the impact of carbon 
injection on ESP performance.  Therefore, particulate emission measurements were made 
with EPA Method 5 at the air-preheater inlet and stack during baseline and extended test 
periods. 

Table 7.  Labadie Unit 2 Coal Analysis, Dry Basis. 

Date 11/20/06, 10:00 8/24/07, 13:30 
ADA Sample ID 7007 10798 
Proximate 

Carbon * 69.25 
Hydrogen * 4.72 
Nitrogen * 0.91 
Sulfur 0.31 1.46 
Ash * 6.92 
Oxygen * 16.74 

Ultimate 
Ash 7.15 6.92 
Volatile * 43.36 
Fixed Carbon * 49.72 
HHV (BTU/lb) 12,126 11,814 
   
Hg (ppb) 131 63.3 
Hg (lb/BTU) (Ult) 10.80 5.38 

* Short proximate analysis only. 
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Table 8.  Comparison of Coal, STM, and CEM Mercury Measurements at the APH 
Inlet (Dry Basis). 

Date Coal 
(lb/TBTU) 

CEM 
(lb/TBTU) 

STM 
(lb/TBTU) 

Relative 
Difference 

11/20/06 
18:00* 11.31 11.73 N/A 1.8% 

11/20/06 
10:25–11:00 N/A 7.87 9.06 7.0% 

11/20/06 
13:40–14:18 N/A 8.20 7.58 4.0% 

* Approximate time when coal was fired in boiler. 

Table 9.  Comparison of STM and CEM readings at the ESP Outlet (Dry, Corrected to 
3% O2). 

Date CEM (lb/TBTU) STM (lb/TBTU) Relative Difference 

11/20/06 
11:09–12:09 

5.87 6.71 6.6% 

11/20/06 
14:16–16:16 

5.59 5.39 1.8% 

11/20/06 
13:40–14:18 

4.39 4.13 3.0% 
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Table 10.  Baseline Testing—Ash and CEM Mass Balance Results. 

Baseline Testing 
Ash and CEM Comparison 

Collection Date and Time 11/20/06, 16:00 2/28/07, 13:00 10/11/07, 12:00 

APH Inlet O2 [%] 3.8 3.8 2.4 
Stack O2 [%] 5.4 5.4 5.3 
APH Inlet H20 [%] 14.71 14.71 13.16 
Stack H20 [%] 12.26 12.26 12.62 
ESP Row 1 (η =80%) 31.73 56.53 23.47 
ESP Row 2 (η =16%) 8.27 17.92 6.29 
ESP Row 3 (η =4%) 1.87 3.08 0.66 
Composite Ash Hg [ng/g] 41.87 77.53 30.42 
Coal Ash [%] 7.15 6.83* 6.83* 
HHV 12126 12066* 12066* 

Ash Hg [lb/TBtu] (dry) 0.21 0.37 0.15 
Inlet Hg CEM [ug/wSNm3] 8.26 7.81 11.39 
Inlet Hg CEM [lb/TBtu] (dry) 7.84 7.41 9.81 
Outlet Hg CEM [ug/wSNm3] 6.44 6.06 7.90 
Outlet Hg CEM [lb/TBtu] (dry) 6.55 6.17 8.02 
RA** 13.7% 11.8% 16.8% 

* Represents an average HHV value of all samples tested. 
** Relative accuracy between Inlet Hg CEM and sum of Ash Hg and Outlet Hg CEM values. 

PAC Parametric Testing Results  
Parametric tests were conducted at Labadie Unit 2 to evaluate several carbon and 

mineral based sorbents for their ability to control vapor phase mercury emissions.  Sorbents 
tested downstream the air-preheater and SO3 injection were DARCO Hg-LH, two 
experimental DARCO sorbents, DARCO E-25c and DARCO E-26 and BASF’s mineral-
based sorbent MS-200.  Sorbents tested upstream the air-preheater and SO3 injection 
included: DARCO Hg, KNX, DARCO Hg + KNX, DARCO Hg-LH, and FLUEPAC-MC 
PLUS.  An ADA-ES patented enhancement technology (U.S. Patent 7361209), on-site 
milling, was also evaluated with both DARCO Hg-LH, and FLUEPAC-MC PLUS. 

When sorbent availability and time allowed, sorbents were injected at different 
concentrations and SO3 concentrations to determine mercury removal effectiveness and to 
characterize sorbent impact on plant operation on a short-term test basis.  When the sorbent 
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supply was limited, the material was tested at Labadie’s typical SO3 setpoint of 30%.  During 
the parametric test period, Unit 2 was maintained at standard full-load conditions, about 
600 MWE, between the hours of 7:00 a.m. and 7:00 p.m. 

Pre-Testing of Activated Carbon for Hot-Side APH Injection 
Temperatures at the APH inlet at Labadie Unit 2 can be in excess of 825ºF (454ºC).  

Tests were conducted prior to injecting carbon at the inlet to the APH to determine the risk of 
the carbon exploding upon injection at this location.  The carbon selected for this analysis 
was Norit Americas DARCO Hg activated carbon.  ADA-ES contracted Chilworth 
Technology to perform this analysis. 

Chilworth determined the minimum ignition temperature (MIT) of a cloud of 
activated carbon by using a specially designed furnace.  (Minimum ignition temperature 
(MIT) testing is performed in accordance with the American Society for Testing and 
Materials (ASTM) Method E-1491.)  The furnace is electrically heated to a predetermined 
temperature between 0-800ºC.  The furnace contains a vertically mounted vereosil tube that 
is open to the base with a glass observation chamber mounted on the top of the device.  Two 
thermocouples are located in the center of the furnace for control and monitoring purposes.  
During this test, activated carbon was dispersed downwards through the furnace tube and an 
ignition source was placed at the bottom of the tube.  When testing, dust concentrations were 
varied until ignition takes place.  Flames forming near the observation port of the test device 
define an ignition event as well as the MIT concentration. 

During this test, injection concentrations up to 144,000 lb/MMacf were evaluated.  
Chilworth noted flames at the highest injection concentration (144,000 lb/MMacf) at 932 ºF 
(500ºC).  At 69,000 lb/MMacf, no ignition was noted at temperatures up to 932 ºF (500 ºC).  
The laboratory tests were also performed in air, which allows ignition more readily than the 
low-oxygen flue gas.  Chilworth indicated that most powders behave like gases/vapors when 
considering flammability limits.  The material has a flammability range below which there is 
not enough “fuel” to obtain ignition.  Therefore, at injection concentrations expected for 
Labadie (less than 10 lb/MMacf) in low-oxygen flue gas, the MIT is expected to be much 
greater than at 932 ºF (500 ºC).  The full Chilworth Technologies Report is included in 
Appendix F. 

Air Preheater Outlet Injection 
The first stage of parametric testing was conducted between November 20 and 

December 8, 2006, and again from January 31 through February 7, 2007.  The two DARCO 
experimental carbons, E-25c and E-26 as well as the BASF MS-200 were injected 
downstream of the air-preheater.  DARCO E-26™ the bromine-treated carbon with alkali, 
was retested during January 2007 because Norit discovered the initial batch of DARCO E-26 
material contained unsatisfactory moisture levels which might have inhibited its mercury 
capture performance and improved the manufacturing process since its initial test in 
December 2006. 

Norit’s second batch of DARCO E-26 was the most effective of all the sorbents 
evaluated during parametric testing at Labadie downstream of the APH during SO3 injection.  
DARCO Hg-LH also demonstrated promise.  Specifically, when the concentration of SO3 
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injected was 5.2 ppm and at a carbon injection concentration of 2.5 lb/MMacf, 71%, mercury 
removal was achieved with E-26™ compared to 58% with Hg-LH.  At 5 lb/MMacf, 74% 
mercury removal was achieved either E-26 compared to 67% with Hg-LH.  The summary of all 
parametric testing downstream of the air-preheater is presented in Figure 6.  For reference, the 
calculated SO3 injection concentrations at the different SO3 system setpoints are 5.2 ppm 
(30%), 7.7 ppm (45%), and 10.3 ppm (60%). 
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Figure 6.  Labadie Fall 2006 Parametric Test Results from Downstream of the Air-
Preheater and SO3 Injection. 

Air Preheater Inlet Injection 
Evaluations of PAC injection upstream of the air preheater were conducted during 

both the first stage of parametric testing, between November 2006 and February 2007, and 
during the second stage of parametric testing, conducted from August to September 2007.  
FLUEPAC-MC PLUS, FLUEPAC-CF PLUS, DARCO Hg, and DARCO Hg with the fuel 
additive KNX were evaluated when injected upstream of the APH.  A comparison of the 
performance of Hg-LH injected both upstream and downstream of the APH is presented in 
Figure 7.  As shown, the performance of the Hg-LH improved with APH inlet injection for 
all SO3 levels tested.  This trend may be a result of the additional residence time (roughly 0.5 
seconds), increased dispersion as a result of the air-preheater, or reactions between the 
sorbents and mercury prior to SO3 injection.  The impact of SO3 is also clearly shown in the 
figure.  For example, injecting 5.1 lb/MMacf DARCO Hg-LH at the APH inlet resulted in 
mercury removal that ranged from 69% with 10.3 ppm SO3 to over 90% with the SO3 
injection system off.  Injecting at the APH outlet, 53% to 83% with and without SO3 
injection was achieved at 8.1 lb/MMacf.  (Note that all injection concentrations from air 
preheater inlet injection are calculated at the ESP temperature.) 
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The performance of Hg-LH and the other sorbents is included in Figure 8.  During 
parametric testing, FLUEPAC-MC PLUS was only evaluated at an SO3 rate of 30% (5.2 ppm 
SO3).  At this setting, the performance was similar to Hg-LH.  Calgon’s ash compatible PAC, 
FLUEPAC-CF PLUS was not as effective as Hg-LH.  Calgon reported post testing that the 
batch of FLUEPAC-CF PLUS sorbent used during Labadie testing may not have been 
representative of expected production material.  The data also indicate that co-injecting 
DARCO Hg and the bromine-based coal additive KNX at various PAC and SO3 injection 
concentrations is comparable to injecting chemically enhanced PAC. 
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Figure 7.  Labadie Parametric Test Results from Hg-LH injected Upstream and 
Downstream of the Air-Preheater.



Labadie Topical Report 29 
41986R26 

0
10
20
30
40
50
60
70
80
90

100

0 2 4 6 8 10
Injection Conc. (lb/MMacf)

%
 R

em
ov

al

Hg-LH
Calgon CF +
Hg + KNX

0
10
20
30
40
50
60
70
80
90

100

0 2 4 6 8 10
Injection Conc. (lb/MMacf)

%
 R

em
ov

al

Hg-LH
Calgon CF +
Calgon MC +
Hg + KNX
Hg

5.2 ppm SO3

0
10
20
30
40
50
60
70
80
90

100

0 2 4 6 8 10
Injection Conc. (lb/MMacf)

%
 R

em
ov

al

Hg-LH
Hg
Hg + KNX

7.7 ppm SO3

0
10
20
30
40
50
60
70
80
90

100

0 2 4 6 8 10
Injection Conc. (lb/MMacf)

%
 R

em
ov

al
Hg-LH
Hg + KNX

10.3 ppm SO3

0 ppm SO3

 
Figure 8.  Labadie Parametric Test Results from Upstream of the Air-Preheater and the SO3 Injection Location. 
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Trona Parametric Testing Results  
Testing conducted during the first round of parametric testing, in November 2006 

through February 2007, indicated that operating without SO3 resulted in a decrease in the 
outlet mercury emissions.  Since the particulate control system requires the addition to SO3 to 
meet permitted particulate levels, Trona was suggested as an alternative conditioning agent.  
Testing at American Electric Power’s Gavin Station suggested that Trona yielded improved 
ESP performance while injecting for SO3 mitigation.1  Gavin has high SO3 because of the 
coal fired and oxidation of SO2 to SO3 across an installed SCR.  Insufficient data was 
available to determine whether this effect could be repeated at a site, such as Labadie, that 
used SO3 for flue gas conditioning and, in particular, whether Trona might be able to provide 
the necessary conditioning for the ESP through its high sodium content and provide an 
economical replacement for SO3 injection at Labadie.   

Parametric testing with Trona was conducted at Labadie Unit 2 over two periods to 
assess the potential of using this material to reduce or eliminate SO3 injection for enhanced 
particulate control.  Trona is a sodium-based, naturally occurring mineral, sodium 
sesquicarbonate (Na3HCO3CO3·2H2O).  The Trona used during Labadie testing was obtained 
directly from Solvay Chemicals, Inc. which mines and processes their product in Green 
River, Wyoming.  The purified SOLVAir Select 200™ Trona, or T-200, was shipped by rail 
to Chicago then loaded into pneumatic transfer trailers and delivered to Labadie, Missouri.  
The pneumatic trucks typically carry 45,000–48,000 lb of Trona.   

According to the Certificate of Analysis accompanying the material, the average 
particle size of the SOLVAir T-200 was 26µm.  Particle sizing conducted during this project 
found the delivered average particle size (D50) to be between 35 µm and 40 µm.  Particle 
sizing of the ‘as delivered’ material showing a D50 of 35.23 μm is depicted in Figure 9. 

 
Figure 9.  Labadie “As-Received” Trona Sizing Results of a D50 of 35.23 μm. 
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In order to increase the effectiveness of the Trona, while alleviating the impact of 
additional particulate loading on the ESPs from additional material being injected, the Trona 
was further milled onsite to increase its surface area as it was simultaneously injected 
downstream of both APHs.  The material was processed onsite to an average particle size 
(D50) of 5 (±1.5) µm.  This reduction in size resulted in increase in the specific external 
surface area of 40 to 50 times that of the original material, based on the measured particle 
size distribution.  The range of sizing analysis conducted on these samples ranged between 
4.40 µm and 5.39 µm.  Sizing results of a Trona sample collected during testing are provided 
in Figure 10.  These results confirm that the target particle size was achieved and the D50 of 
this sample is 5.34 µm. 

 
Figure 10.  Labadie Milled Trona Sizing Results of a D50 of 5.34 μm. 

Trend graphs showing mercury concentrations, opacity trends, and ESP performance 
during the two Trona injection periods are presented Figure 11 and Figure 12.  In the absence 
of PAC, the outlet mercury emissions dropped 39% when SO3 was turned off, as shown in 
Figure 11.  The data also indicate that Trona was not as effective as a flue gas conditioning 
agent in comparison to SO3 based upon a review of ESP power levels and stack opacity.  
When the SO3 flue gas conditioning system is taken to standby mode (off) it is clear that the 
ESP power levels sharply decrease and opacity begins to slowly increase whether Trona was 
present or not.  No further Trona testing was conducted for this application. 
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Figure 11.  Labadie Unit 2 ESP Performance Trends while Injecting Milled Trona on 
September 13, 2007. 
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Figure 12.  Labadie Unit 2 ESP Performance Trends while Injecting Trona 
September 19–20, 2007. 
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Extended 15-Day Injection Period Test Results 

PAC Injection Testing Results  
Results from parametric testing indicated that mercury removal efficiencies greater 

than 85% (combined native and resulting from sorbent injection) could be achieved with 
standard brominated activated carbons, such as Norit America’s DARCO Hg-LH and Calgon 
Carbon’s FLUEPAC-MC PLUS at a target injection concentration of 5 lb/MMacf, with SO3 
injection at 30% (5.2 ppm) and approximately 2 lb/MMacf without SO3 injection.  After 
reviewing the parametric results, the test team (Ameren, EPRI, ADA-ES, and DOE/NETL) 
agreed to test MC PLUS injected at the inlet of the APH during the 15-day extended test 
period conducted in October 2007.  The mercury emissions goal established by the test team 
for long-term testing was to maintain an average mercury removal above 85% with the SO3 
system operating at 30%.  Other goals of the long-term testing period included the following: 

1. Evaluate the effects of sorbent injection on the particulate emissions as measured by 
Methods 5 and 202 and installed plant continuous opacity monitors. 

2. Obtain sufficient operational data to determine impacts to the balance-of-plant 
equipment 

3. Evaluate the effects of sorbent injection on byproducts 

4. Evaluate the effectiveness of milling PAC onsite to decrease carbon usage 
requirements 

The extended test period was conducted from October 1–17, 2007. 

Throughout the extended test, mercury measurements were made at the 2A APH inlet 
and on the stack with CEMs.  U.S. EPA Method 5 and 202 measurements were taken at the 
APH inlet and at the stack during baseline and extended testing periods.  All stack-testing 
reports are included in Appendix G.  An STM relative accuracy check was also conducted on 
the stack to verify mercury CEM measurements.  A discussion of the STM sampling system, 
including different trap analysis techniques, is included in Appendix D 

Prior to beginning the extended injection period, a short parametric test was 
conducted with both milled and as-received PAC.  Results indicated that milled PAC 
increased mercury removal compared to the as-received material.  The Labadie test team 
determined that reducing the PAC requirements by at least 10% would offset additional 
parasitic energy costs required by the milling process.  To verify the relative difference in 
performance, the test team included periods of milled and as-received PAC injection during 
the 15-day period. 

A trend graph of the mercury concentration at the APH inlet, stack, percent mercury 
removed, and PAC injection concentration for the extended tests at Labadie are presented in 
Figure 13.  Mercury CEM trends, enhanced and unenhanced mercury removals, SO3 
injection, and PAC injection concentrations from the extended injection period are also 
presented in Figure 13.  As shown, there is much more variation in the PAC concentration 
and resulting mercury removal than typically experienced during other mercury removal 
evaluation testing.  The variation in feed rate is attributed to variability in the bulk density of 
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Calgon’s MC PLUS.  The density variations were most likely caused by variability in the 
moisture level.  The intended set point and actual PAC feed rate based on load cells are both 
shown in Figure 13 for comparison. 

The average outlet mercury concentrations, corrected to 3% O2, were 2.09 lb/TBtu 
and 1.31 lb/TBtu while injecting as-received and milled sorbent, respectively, during the 
extended injection testing.  The average, O2 corrected to 3%, mercury removals where 73% 
at 5.5 lb/MMacf for as-received PAC and 83% at 5.0 lb/MMacf for the milled sorbent 
process. 

The as-received Calgon MC PLUS sorbent performed worse than other sorbents 
during the extended test, 73% mercury removal compared to 82% mercury removal (non-O2 
corrected) during parametric testing at an injection concentration of 5 lb/MMacf.  The 
variation in mercury removal could be attributed to quality control issues with the PAC, 
specifically variations in moisture content.  Since the PAC injection is calculated by the total 
mass of the material, when the moisture is higher, less actual PAC is injected. 

One-hour average mercury removal data from the 15-day continuous injection tests is 
presented in Figure 14.  To reduce the scatter resulting from the erratic PAC injection rates, 
only data recorded when the boiler load was greater than 600 MWE are included.  The data 
were also separated into bins with at least four hours of continuous injection data and 
averaged to further reduce the scatter.  The bin-averaged summary data are presented in 
Figure 15 with a summary in Table 11.  The graphs in Figure 14 and Figure 15 were 
prepared, in part, to help evaluate performance in lieu of the feed variations that made direct 
analysis challenging.  Data from the extended testing period suggests significant 
improvement in PAC performance due to on-site sorbent enhancement.  The results indicate 
that 85% mercury removal can be achieved with either 4 lb/MMacf enhanced PAC or 
10 lb/MMacf as-received PAC.  Particle sizing results from the as-received and enhanced 
PAC are presented in Figure 16 and Figure 17.  For Labadie Unit 2, the enhancement process 
provided a 60% reduction in PAC required for 83% vapor phase mercury removal in the 
presence of 5.2 ppm SO3.  With the milled AC, the average outlet emissions were nominally 
1.3 lb/TBtu.  Also, note that the slope of the enhanced PAC curve is less steep, indicating 
that further characterization is warranted at lower injection concentrations to fully investigate 
this technology. 
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Figure 13.  15-Day Calgon FLUEPAC™-MC PLUS Injection Test Results from Labadie. 
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Figure 14.  Enhanced vs. Unenhanced PAC Removal at > 600 MWE with SO3 at 
5.2 ppm. 
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Figure 15.  Averaged As-Received vs. Unenhanced PAC Removal at > 600 MWE with 
SO3 at 5.2 ppm. 
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Table 11.  Enhanced vs. Unenhanced Results at Select Injection Concentrations. 
Injection Concentration 

(lb/MMacf) 
Average As-Received 

PAC Removal (%) 
Average Milled 

PAC Removal (%) 

10.0 to 11.0 86.2 Not tested 
9.0 to 10.0 83.9 Not tested 
8.0 to 9.0 82.7 Not tested 
7.0 to 8.0 78.8 86.0 
6.5 to 7.0 79.8 86.0 
6.0 to 6.5 78.6 86.7 
5.5 to 6.0 79.5 86.7 
5.0 to 5.5 75.9 86.5 
4.5 to 5.0 74.6 85.7 
4.0 to 4.5 74.1 85.3 

 

 

Figure 16.  Particle Sizing Results on “As-Received” PAC Collected During Extended 
Testing D50 = 23.15 μm. 
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Figure 17.  Particle Sizing Results on Enhanced PAC Collected During Extended 
Testing D50 = 6.07μm. 

Balance-of-Plant Data 
The stack opacity during the extended test is presented in Figure 18.  The opacity 

level does not appear to show any detectible change in due to PAC injection during the 
duration of the 15-day test period.  This observation is further reinforced by reviewing the 
opacity before and after periods when PAC feed was interrupted by system shutdowns.  The 
air preheater differential pressure drop data from the 15-day test is presented in Figure 19.  
The performance data from the air preheater suggests there was no detectible change in 
differential pressure during the 15 days of activated carbon injection across it.  A longer test 
is recommended to fully characterize long-term balance-of-plant issues such as air preheater 
performance issues. 
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Figure 18.  Labadie Unit 2 6-Minute Opacity Trends During Extended PAC Injection 
Testing. 
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Figure 19.  Labadie Unit 2 APH Differential Pressure During Extended PAC Testing. 
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Activated Carbon Injection System Performance  
Two primary issues associated with the quality of the delivered Calgon MC PLUS 

caused difficulties maintaining consistent PAC feed during the 15-day extended test: foreign 
matter in the PAC and significant variations in the product density.  The most severe of these 
problems resulted in injection being halted for 48 hours until the material could be cleaned 
out of the silo.  Sorbent feed rate is controlled by setting the rotation rate of the feed screw 
based upon pre-test calibrations.  This essentially controls the volume of material fed.  The 
system is also configured with load cells to monitor the loss in weight during injection and 
confirm the average feed rate over time.  Variations in density will result in variations in the 
mass of sorbent fed.  The comparison of setpoint feed rate and measured feed based upon the 
loss-in-weight is included in Figure 13. 

The most severe outcome due to the quality control-related material handling issues 
resulted in all injection activities being halted for approximately 48 hours.  This interruption 
resulted from Calgon material arriving onsite in bags (super sacs) that were shipped without 
being adequately protected from moisture.  During transit, this material had become wetted 
and packed together.  It was not readily apparent that the material was wet as multiple bags 
were loaded into the silo.  The wet material packed into the neck of the silo and necessitated 
the removal of all material with a vacuum truck before testing could resume.  A picture of 
clotted PAC material that had to be removed from the silo hopper is shown in Figure 20. 

 
Figure 20.  Clotted PAC Material Extracted from the Silo Hopper During Shutdown. 
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The testing team also experienced repeated problems with pluggage of the injection 
equipment due to plastic in the bulk loads of Calgon FLUEPAC-MC PLUS.  Most of the 
sorbent used during the 15-day extended test was delivered in bulk, but it was later learned 
that some of the material was transferred by Calgon from bulk bags prior to being delivered 
to the site.  The plastic was likely pieces of the original bulk bags.  The plastic clogged the 
injection equipment and resulted in several short-duration shutdowns (1 to 2 hours) to clean 
out clogged injection components.  The majority of these problems were alleviated once an 
inline screen was installed between the Calgon bulk delivery trailer and the onsite storage 
trailer.  A photograph of strained plastic material from a subsequent bulk load is shown in 
Figure 21. 

 
Figure 21.  Plastic Material from a Removed from Bulk Delivery. 

Another materials handling related issue encountered during this test program was a 
marked change in the abrasiveness from other carbons tested under this project.  It is 
suspected these problems resulted from the bituminous activated carbon feed stock.  The 
majority of the activated carbon tested under this DOE/ NETL test program was lignite-based 
carbon from Norit.  The material used during the 15-day test period was bituminous-based 
carbon and it was found to be much more abrasive based on damage caused to injection 
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equipment.  Specifically, some aluminum fittings in the conveying system lasted 
approximately 4 days compared to typically lasting through an entire parametric and 30-day 
long-term testing program.  A photograph of a worn fitting, used for 4 days, is shown in 
Figure 22.  The hole through the fitting is highlighted with a red circle.  Additional wear is 
also shown by the difference in thickness around the top edge of the fitting in the photo. 

 

Figure 22.  Worn-Through Cam and Grove Injection Fitting. 
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Extended Testing Mercury Measurement Quality Assurance 
and Quality Control 

Most mercury measurements during Labadie testing were collected using the Thermo 
Electron Mercury Freedom System™ mercury CEMs.  Multiple techniques were used to 
validate these measurements including flue gas measurements using the STM (based on the 
technique previously referred to as EPA draft Method 324, now EPA Method 30B), and mass 
balances from coal and ash mercury analyses.  In general, the various techniques suggested 
similar mercury removal during the long-term test period. 

The relative accuracy test of the outlet CEM collected during the extended test is 
shown in Table 12.  The relative difference between the CEM and STM are quite good at 
3.1%.  Ash was collected from all 18 test hoppers (see Figure 6) during this test day.  A mass 
balance of the CEMs and the ash is shown in Table 13 with a resulting agreement of 19.1%. 

Table 12.  Comparison of STM and CEM readings at the ESP Outlet (Dry, Corrected to 
3% O2). 

Date CEM (lb/TBTU) STM (lb/TBTU) Relative Difference 

10/11/07 
10:30–12:30 

1.78 1.68 3.1% 

 
 



 

Labadie Topical Report 45 
41986R26 

Table 13.  Extended Testing—Ash and CEM Mass Balance Results. 

Extended Testing—Ash and CEM Comparison 
Collected October 11, 2006, 12:00 

APH Inlet O2 2.3 
Stack O2 [%] 4.7 
APH Inlet H20 12.6 
Stack H20 [%] 10.3 
ESP Row 1 (η = 948.7 
ESP Row 2 (η = 304.3 
ESP Row 3 (η = 78.9 
Composite Ash 1331.8 
Coal Ash [%] 6.92 
HHV 11814 

Ash Hg 6.63 
Inlet Hg CEM 

3
15.97 

Inlet Hg CEM 13.59 
Outlet Hg CEM 

3
4.58 

Outlet Hg CEM 4.36 
RA* 19.1% 

* Relative Accuracy between Inlet Hg CEM and sum of Ash Hg and Outlet Hg CEM values. 

Characterization of Process Solids 
Several types of process samples were collected during mercury control testing at 

Labadie.  Analyses conducted included ultimate, proximate, mercury, and chlorine for select 
coal samples, mercury analyses of most of the fly ash samples collected, and stability 
determinations of select fly ash samples through leaching tests and thermal desorption tests.  
The LOI carbon content of several ash samples was also determined.  The results from ash 
mercury coal analyses for the extended test period were included in the previous section.  
Additional results are presented below. 

Daily composite samples were collected by the as-fired coal analyzer sampling 
system using the secondary sweep function.  The coal samples were collected at the Unit 2 
D-silo slide gate by the plant operations department.  The time for the coal to move from the 
sampling point to the boiler is approximately 8 hours when the unit is operating at full load. 

Samples of coal and fly ash collected throughout testing were analyzed for mercury 
content.  Mercury concentration in the coal samples can be used to estimate mercury 
concentration in the flue gas using guidelines provided in 40 CFR Part 60, as summarized in 
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equation 1.  This calculation assumes all of the coal mercury volatilizes during combustion 
and forms vapor-phase mercury.  This value can be compared to the mercury concentration 
measured with the mercury CEM at the inlet.  Because the mercury CEM only measures 
vapor-phase mercury, the two values may not compare well if there is a significant fraction 
of particulate-phase mercury at the inlet to the ESP.  Mercury concentrations in the fly ash 
samples can be used to estimate the amount of mercury being collected on the fly ash and 
removed from the vapor-phase.   

Mercury Emissions (lb/TBtu) = HgdFc(1-Bws)100/%CO2w (1) 
 Where: Hgd = Mercury Concentration (lb/dscf) 
  Fc = 106 [321 %Cd]/GCVd 
  Bws = Moisture fraction of flue gas 
  %CO2w= Percent CO2 in flue gas 
  %Cd = Percent carbon in coal from ultimate analysis (dry basis) 
  GCVd = Gross Calorific Value of coal from ultimate analysis,  
   dry basis (BTU/lb) 

Table 14.  Results from Baseline and Long-Term Coal Analyses (Dry Basis). 
 Baseline 

11/22/06 
Baseline 
12/08/06 

Extended Testing
8/24/08 

ADA Sample ID 7136 7323 10798 

Element 
Hg (µg/g) .0527 .0686 .0633 
Cl (µg /g) 1.8 1.5 NA 
Br (µg /g) 28 14 NA 
F (µg /g) 86 88 NA 

Proximate 
Ash (wt%) 6.65 9.56 4.92 
Volatile Matter (wt%) 43.82 42.99 43.36 
Fixed Carbon (wt%) 49.53 47.45 49.72 
Heating Value (BTU/lb) 12102 11787 11814 
Total Sulfur (wt%) 0.34 0.32 1.46 

Ultimate 
Ash (wt%) 6.65 9.56 6.92 
Carbon (wt%) 69.05 67.43 69.25 
Hydrogen (wt%) 4.88 4.73 4.72 
Nitrogen (wt%) 0.94 0.89 0.91 
Total Sulfur (wt%) 0.34 0.32 1.46 
Oxygen (by difference) (wt%) 18.14 17.07 16.74 
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Leaching Stability (Hg, Other Metals, and Halogens) 
Analyses were conducted on ash samples collected during the long-term test phase to 

determine the stability of mercury, bromine, arsenic, selenium, chlorine, and fluorine.  The 
leaching procedure used for this project was the Synthetic Groundwater Leaching Procedure 
(SGLP).  The SGLP procedure was developed by Hassett at EERC to better simulate the pH 
of groundwater to determine if mercury will leach from the samples under conditions 
designed to simulate actual conditions.  The leaching solution is synthetic groundwater. 

The SGLP results for fly ash collected during summer 2007 baseline and extended 
testing are presented in Table 15.  Included in Table 15 is an analysis of each element 
contained in the sample and is listed as “total in sample.”  The percent of each element 
leaching from the samples is provided in Table 16 for reference.  Mercury was below the 
detection limit of the primary analysis lab for all samples tested.  In order to obtain a lower 
detection, the leachate from the SGLP analysis was sent to Frontier GeoSciences Inc. for a 
trace level analysis, and these results are included in Table 15 and Table 16.  The mercury 
concentrations in the long-term ash samples were 0.025 µg/g on the control side and 
1.28 µg/g on the test side, respectively.  Based upon the results, the mercury and selenium 
are stable in the sample under these conditions.  Bromine does not appear to be stable in the 
ash/PAC mixture. 

For both the 18-hour and 30-day SGLP leach, halogens were detected in the leachate.  
The concentrations of chlorine in the ash samples collected during extended testing were 
almost ten times higher than those collected during baseline testing.  This ratio does not carry 
through to the leachate, indicating the PAC may help stabilize the chlorine.  The ability of 
activated carbon to adsorb other flue gas constituents has been observed during previous 
sorbent injection testing, such as during Phase I DOE/NETL testing at Brayton Point2 and 
Salem Harbor,3 where there were indications that the activated carbon was adsorbing 
additional chlorine from the flue gas. 

Table 15.  Labadie Baseline and Extended Testing SGLP Test Results (mg/L). 
Test Period Baseline Extended Testing 
ADA ID 10763 11016 
Location 2B11 2B11 
Date 8/21/07 10/11/07 

 Total in Sample* 
(mg/L) 

18-
hour* 

(mg/L) 

30-day* 
(mg/L) 

Total in 
Sample* (mg/L) 

18-hour* 
(mg/L) 

30-day* 
(mg/L) 

As 0.36 < 0.01 < 0.01 0.52 < 0.01 <0.01 
Br 2.2 0.01 0.34 11.4 13 14 
Hg 7.6E-04 1.4E-06 7.9E-07 2.2E-02 2.7E-06 1.3E-06 
Se 0.12 <0.01 <0.01 0.24 <0.01 <0.01 
Cl 0.2 0.18 0.29 2.8 0.26 0.39 
F 12.8 0.16 0.12 13.6 <0.05 0.19 

* Based on analysis of ash and mixing ratio of 20g ash/liter solution. 
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Table 16.  Percent of Element Leaching from Sample:  Labadie Ash Samples. 
Condition Baseline Long-Term 

ADA ID 10763 11016 
Location 2B11 2B11 

Date 8/11/2007 10/11/2007 
 18-hour 30-hour 18-day 30-day 
As 2.8% 2.8% 1.9% 1.9% 
Br 0.5% 15.5% 100% 100% 
Hg 0.0% 0.0% 0.0% 0.0% 
Se 8.3% 8.3% 4.2% 4.2% 
Cl 90.0% 100% 9.3% 13.9% 
F 1.3% 0.9% 0.4% 1.4% 

Balance-of-Plant Impacts 
Labadie was chosen as a test site in this program because it has a marginally sized, 

cold-side ESP (SCA = 279 ft2/kacfm) and injects SO3 for flue gas conditioning and enhanced 
particulate control to meet permitting requirements.  The Labadie project team was also 
seeking additional information regarding mercury removal impacts from SO3 and any 
potential increase in particulate emissions resulting from PAC injection.  Due to the nature of 
ESP operation, it can be difficult to access the impact of PAC injection because it can take 
days or weeks for the ESP to equilibrate.  This is not to say that immediate changes cannot be 
seen, but the ultimate impact of changes may not become evident until the ESP has adjusted 
to the new conditions.  Since the test duration at Labadie was limited some balance-of-plant 
impacts may not have fully developed before the test was completed. 

A change in the overall bulk resistivity of the ash can result in a change in the ESP 
performance.  For Labadie the resistivity of the ash is altered by the injection of sulfur 
trioxide (SO3) for ESP conditioning.  During all phases of testing at Labadie Unit 2 the ESP 
spark rate and power levels were closely monitored.  In general, all three ESP’s at Labadie 
demonstrated that the ESP power and spark rates appear to follow gas temperature and the 
presence of SO3 conditioning in the ESP.  During periods when the SO3 conditioning was 
taken to standby, or 0% injection, the opacity increased.  This observation was first noted 
during baseline testing on November 20, 2006, when the SO3 system was taken to standby, is 
shown in Figure 23.  A similar observation was also made December 3, 2006 when the SO3 
system was taken to standby while injecting activated carbon during parametric testing.  In 
December, within two hours stack opacity had increased from 9% to > 14% as is shown in 
Figure 24.  In both November and December, the opacity decreased as the SO3 conditioning 
system returned to service.  When the SO3 system operating normally, power levels and 
spark rate remained fairly constant and where unaffected by activated carbon injection. 
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Opacity and SO3:  November 20, 2006 
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Figure 23.  Labadie Unit 2 Baseline Testing: Opacity, SO3 Injection and Load 
November 20, 2006. 
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Opacity, SO3, and PAC Injection:  December 3, 2006 
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Figure 24.  Labadie Unit 2 Opacity, SO3 Injection and PAC Injection During PAC 
Injection December 3, 2006. 

One sorbent evaluated at Labadie appeared to affect ESP performance.  On 
November 21, 2006, during testing of sorbent DARCO E-25C, an experimental 
unbrominated sorbent with alkaline materials, a small consistent decrease in ESP power 
levels was noted.  The actual readings are presented in Table 17.  DARCO E-25C was 
injected at constant rate (1, 3, and 5 lb/MMacf) over the course of three-hour blocks.  Since 
the Labadie ESPs proved to be sensitive to disruptions in the SO3 concentration, it is 
suspected the SO3 was absorbed by the alkaline materials in the sorbent.  Although the slight 
change in the ESP power levels was not enough to cause an increase in the stack opacity, a 
slight increase in the TR-set sparking was observed. 

Table 17.  Labadie Unit 2 ESP Power per Box, while Injecting DARCO® E-25C, on 
November 21, 2006. 

Labadie Unit 2 ESP Power per Box 
 A Chevron B Chevron C Supplemental 

Pre-injection 341 306 550 
During injection 326 267 508 
Post-injection 337 276 512 
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While conducting parametric testing on December 2, 2006, with DARCO Hg-LH at 
2.5 lb/MMacf for 8 hours, the flue gas conditioning system was taken to standby to gather 
mercury removal performance without SO3 interference.  While the SO3 system was in 
standby, ESP power was at its lowest, but not low enough to result in an increase in opacity 
above 11%.  Without SO3, opacity increased from 9% to 11%.  When the SO3 system was 
returned to service at 5.2 ppm SO3, opacity returned to 9% within 30 minutes.  The opacity 
and ESP power levels for DARCO Hg-LH testing for December 2, 2006, are presented in 
Table 18. 

Table 18.  Labadie Opacity and ESP Power per Box on December 2, 2006 

Labadie Unit 2 ESP Power per Box 
Test Condition A-Chevron B-Chevron C-Supplemental Opacity 
SO3 = 30% (5.2 ppm) 
2.5 lb/MMacf 452 393 451 9 

SO3 = 0 (0 ppm) 
2.5 lb/MMacf 384 334 387 11 

SO3 = 60% (10.3 ppm) 
2.5 lb/MMacf 375 368 428 9 

SO3 = 45% (7.7 ppm) 
No Sorbent Injection 460 442 499 9 

 

To further investigate the impact of PAC injection on particulate removal, U.S. EPA 
Method 5 (Determination of Particulate Matter Emissions from Stationary Sources) and U.S. 
EPA Method 202 (Determination of Condensable Particulate Matter from Stationary 
Sources) were conducted during baseline and the 15 day extended injection test.  These 
methods were slightly modified to allow the sampling run time increased to 6 hours and are 
described in the source test reports contained in Appendix G.  During the extended testing 
period, inconsistencies in the APH inlet data including variations in duct temperature of up to 
200°F across a number of individual ports, including temperature recorded that were lower 
than the APH outlet temperature.  Thus, the APH inlet data were deemed invalid and not 
used for further balance of plant analysis.  Accordingly, the ESP collection efficiency 
between baseline and extended testing is not available for comparison. 

The source testing data, from the stack, collected during the baseline period and 15-
day extended test period did pass the prerequisite Quality Assurance checks and is included 
in Appendix G and a summary is included in Table 19 and  

Table 20.  The data suggest that the particulate loading was higher during baseline 
testing than during extended testing.  The plant was experiencing a boiler tube leak during 
baseline testing that may have affected performance.   

Plant operating data indicated that there was no detectible increase in plant opacity 
during any phase of the carbon injection testing at Labadie.  However, visual inspection of 
the filters from extended injection testing show that they are visibly darker than samples 
collected during baseline testing.  A photograph of these filters is shown in Figure 25.  An 
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analysis of the carbon content of the filters indicates that the fraction of carbon increased 
from 0.05 % for the baseline samples to 0.36% for the extended test samples.  For 
comparison, at Labadie, an injection concentration of 5 lb/MMacf represents an increase in 
the overall particulate loading of nominally 3% and a corresponding increase in the percent 
carbon would be expected on the sampling filters, if the PAC and ash were collected with the 
same efficiency. 

 
Figure 25.  Photo of U.S. EPS Method 5 Filters from Labadie Baseline and Extended 
Testing. 

Table 19.  Baseline Particulate Collection Data with Percent Carbon on Filter Digestion 
Results. 

Test Date Collection Time 
(hours) 

% C Average Load 
(MW) 

Average Instant 
Opacity (%) 

Total Particulate 
Matter (lbs/hr) 

8/14/2007 6:19 0.05 613.6 12.9 216.96 
8/15/2007 6:14 0.04 611.1 13.4 320.15 
8/16/2007 6:19 0.04 611.5 13.3 216.42 
8/17/2007 7:12 0.09 613.5 12.5 350.78 
8/18/2007 6:12 0.03 613.7 12.5 229.72 
Average 6:27 0.05 612.7 12.9 266.80 

 

Extended Testing - 
During PAC Injection 

Baseline - No PAC 
Injection 

Unused Filter
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Table 20.  Extended Testing Particulate Collection Data with Percent Carbon on Filter 
Digestion Results. 

Test Date Collection 
Time 

(hours) 

% C Average 
Load 
(MW) 

Average 
Instant 

Opacity (%) 

Total 
Particulate 

Matter (lbs/hr) 

Average Injection 
Concentration 

(lb/MMacf) 

10/8/2007 6:15 0.26 617.8 6.2 108.4 4.38 

10/9/2007 6:15 0.27 619.8 6.8 104.7 4.50 

10/10/2007 6:15 0.35 614.7 7.0 102.0 5.37 

10/11/2007 6:15 0.31 613.0 7.0 163.0 5.05 

10/12/2007 6:09 0.62 627.9 7.7 112.5 5.89 

Average 6:14 0.36 618.6 6.9 118.1 5.00 
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ECONOMIC ANALYSIS 

Based on test results and data analysis, the requirements and costs were calculated for 
full-scale, permanent commercial installation of sorbent injection for mercury control at the 
600 MWE Labadie Unit 2.  The cost of process equipment, sized and designed based on the 
long-term test results for approximately 85% mercury control, has been estimated.  This 
includes consideration of plant-specific requirements such as sorbent storage capacity, plant 
arrangement, retrofit issues, winterization, controls interface, etc.  The system design was 
based on the criteria listed in Table 21. 

Table 21.  System Design Criteria for Mercury Control System at Labadie Unit 2 
(5 lb/MMacf Injection, > 80% Mercury Control). 

Parameter  
Number of silos 1 
Number of injection trains 2 operating, 1 spare 
Design feed capacity/train (lb/hr) 700 
Operating feed capacity/train (lb/hr) 684 
Sorbent storage capacity (lbs) 35,000 
Conveying distance (ft) 200 
Sorbent DARCO Hg-LH 
 Aerated density (lb/ft3) 18 
 Settled density (lb/ft3) 28 
 Particle MMD (microns) 18 

The estimated uninstalled cost for a sorbent injection system and storage silo for the 
600-MWE Labadie Unit 2 is $1,100,000 for a system capable of delivering as-received 
PAC and $1,600,000 for a system capable of milling the PAC on site.  For both systems the 
total capital required is estimated to be $4.0 million.  Costs were estimated based on a PAC 
injection concentration of 5 lb/MMacf to achieve an estimated 75% mercury removal with 
as-received carbon or 85% mercury removal with milled PAC.  For Labadie Unit 2, this 
would require an injection rate of 660 lbs/hr at full load for the as-received PAC and 528 
for PAC milled on-site.  Assuming a unit capacity factor of 90% and a delivered cost for 
PAC of $1.05/lb, the annual sorbent cost would be about $5,464,000 and $4,371,000 for 
the as-received and enhanced systems respectively.  This corresponds to a nominal sorbent 
cost of $10,900 and $9,100 per pound of mercury removed for the as-received and 
enhanced activated carbon injection systems respectively. 

Results from the field tests conducted to date indicate different levels of mercury 
removal can be achieved depending on the air pollution control equipment and flue gas 
conditions.  Data collected from the Phase I DOE tests at Gaston indicate mercury removal 
levels of up to 90% were obtained with COHPAC® (a baghouse) and DARCO Hg sorbent 
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injection.  At Pleasant Prairie, 50–70% removal while injecting DARCO Hg was the 
maximum achievable mercury control, with the configuration of an ESP collecting PRB ash.4  
At Brayton Point, mercury removal levels of up to 90% were obtained with an ESP collecting 
bituminous ash with DARCO® Hg sorbent injection. 

DOE Phase II testing at Holcomb showed mercury removal levels of 90% were 
obtained with an SDA and FF while injecting DARCO Hg-LH.  Data from Meramec also 
showed mercury removal levels of 90% with DARCO Hg-LH and an ESP.  Testing at 
Labadie showed mercury removal levels of 80% with DARCO Hg injection at 
6.0 lb/MMacf.  Table 22 and Figure 26 summarize data from Labadie, as well as from 
these other sites. 

Table 22.  Summary of Mercury Removal Efficiencies and Costs for Different Air 
Pollution Control Configurations, Coals, and Sorbents. 

Plant APC 
Equipment 

Coal Sorbent Removal 
% 

Sorbent Cost 
(mills/kWh) 

Gaston COHPAC® Bituminous DARCO Hg 90 0.43 

Pleasant Prairie ESP PRB DARCO Hg 67 1.2 

Brayton Point ESP Bituminous DARCO Hg 90 2.4 

Holcomb SDA + FF PRB DARCO Hg-LH 90 0.44 

Meramec ESP PRB DARCO Hg-LH 90 0.74 

Monroe ESP PRB/Bituminous 
Blend DARCO Hg 80 0.85 

Labadie (as-
received PAC) 

ESP with SO3 
FGC PRB DARCO Hg-LH 75 1.21 

Labadie 
(enhanced PAC) 

ESP with SO3 
FGC PRB DARCO Hg-LH 85 1.02 
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Figure 26.  Comparison of Projected Annual Sorbent Costs for ESP, COHPAC®, and 
SDA + FF Configurations on Results from NETL Full-Scale Tests. 

System Description 
For this cost estimate, the permanent commercial PAC injection system for 

Labadie Unit 2 will consist of one bulk storage silo and two dilute-phase pneumatic 
conveying systems that convey material to each of the units. 

PAC will be received in 40,000-pound batches delivered by self-unloading 
pneumatic bulk tanker trucks.  The silo is equipped with a pulse jet type bin vent filter to 
contain dust during the loading process.  The silo is a shop-built, dry-welded tank with 
three mass flow discharge cones.  Point level probes and weigh cells monitor sorbent 
level and inventory.  Silo sizing was based on the capacity to hold approximately 11 
truckloads of PAC, sufficient for 14 days of operation at the design injection rate. 

The sorbent is fed from the discharge cones by rotary valves into feeder hoppers.  
From the hoppers the sorbent is metered into the conveying lines by volumetric feeders.  
Conveying air supplied by regenerative blowers passes through a venturi eductor, which 
provides suction to draw the sorbent into the conveying piping and carry it to distribution 
manifolds, where it splits equally to multiple injection lances.  The blowers and feeder trains 
are contained beneath the silo within the skirted enclosure.  The plant’s existing DCS would 
be used to control all aspects of the system. 
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Balance-of-Plant Requirements 
Some modifications and upgrades to the existing plant equipment will be required to 

accommodate the PAC system.  This includes upgrades to the electrical supply at Labadie to 
provide new service to the PAC system.  Instrument air, intercom phones, and area lighting 
will also be required. 

Cost and Economic Methodology 
Costs for the PAC storage and injection equipment are provided by ADA-ES based 

on the design requirements in Table 21.  ADA-ES has built and installed systems at several 
coal-fired power plants for mercury control.  Estimated costs for the distribution manifold, 
piping and injection lances, installation man-hour and crane-hour estimates, and an estimate 
for foundations including pilings are also included. 

EPRI TAG methodology was used to determine the indirect costs.  A project 
contingency of 15% was used.  Because the technology is relatively simple and well proven 
on similar scale, the process contingency was set at 5%.  PAC equipment can be installed in a 
few months; therefore, no adjustment was made for interest during construction, a significant 
cost factor for large construction projects lasting several years. 

Operating costs include sorbent costs, electric power, operating labor, maintenance 
(labor and materials) and spare parts.  An average requirement of one hour per day was 
estimated to cover the incremental labor to operate and monitor the PAC system.  The annual 
maintenance costs were based on 5% of the uninstalled equipment cost.  Levelized costs 
were developed based on a twenty-year book life and are presented in constant dollars in 
Table 23. 

The uninstalled PAC feed equipment costs, on a per unit basis, are estimated at 
$1,100,000 for injecting the as-received Pac and $1,700,000 for the enhanced sorbent option.  
This estimate does not include the cost of the bulk storage silos.  The estimated cost for a 
PAC injection system and storage silo installed on the 600 MWE Unit 2 is $1,100,000 and 
includes all process equipment, foundations, support steel, plant modifications utility 
interfaces, engineering, taxes, overhead, and contingencies.  The capital and O&M costs are 
summarized in Table 24. 
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Table 23.  Levelized Costs Summary. 

20-Year Levelized Costs Summary—$ Constant 
 As-Received Milled 

Fixed Costs $125,000 193,000 

Variable O&M $5,707,000 $4,794,000 

Total $5,832,000 $4,987,000 

Total Levelized Costs $/kW 11.72 9.99 

Operating Levelized Costs $/kW 11.52 9.68 

Operating Levelized Costs mills/kW-hr 1.22 1.02 

Total Levelized Costs mills/kW-hr 1.57 1.30 

Table 24.  Capital and Operating & Maintenance Cost Estimate Summary for PAC 
System on Labadie Unit 2 (Annual Basis 2007). 

Capital Costs Summary 
 As-Received Milled 

Equipment, FOB Labadie, MO $900,000 $1,445,000 

Site Integration (materials and labor) $60,000 $75,000 

Installation (PAC silo and process equipment 
and foundations) $240,000 $240,000 

Taxes N/A N/A 

Total Capital Required $1,200,000 $1,700,000 

$/kW 1.68 2.69 

 As-Received Milled 

Sorbent @ $1.05/lb $5,161,00 $4,128,000 

Power, Labor, Maintenance $16,000 $120,000 

Waste Disposal $500,000 $500,000 
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CONCLUSIONS 
While testing at Labadie, the presence of SO3 in flue gas appears to decrease mercury 

capture by activated carbon, sometimes dramatically.  For Labadie this effect was reduced by 
injecting PAC upstream of the APH or by using a sorbent containing alkaline materials, such 
as DARCO E-26, injected downstream of SO3 injection.  The effectiveness of the PAC can 
be increased significantly by reducing the particle size.  The technique evaluated at Labadie 
was an ADA patented process of milling the PAC on site immediately prior to injection.  
Specific observations from testing are listed below: 

Mercury Removal Summary 
• Native (baseline) 

- Native mercury removal was less than 15% during two baseline periods.  This 
number is based on inlet mercury concentrations levels ranging from 11 to 
13 µg/m3 (7.01 to 9.51 lb/TBtu, corrected to 3% O2). 

- Native removal was nominally 15% during testing. 

- Turning off SO3 resulted in an increase in the baseline mercury removal up to 
nearly 40%. 

• Parametric Testing 
- PAC injection downstream of the air preheater (APH) and SO3 injection: 

 Norit’s DARCO® E-26, a bromine-treated carbon with alkali, performed 
better than DARCO® Hg-LH (bromine-treated, no alkali) during limited 
testing.  Specifically, when 5.2 ppm of SO3 was injected and at a carbon 
injection concentration of 2.5 lb/MMacf, 71% mercury removal was achieved 
with E-26 compared to 58% with Hg-LH.  At 5 lb/MMacf, 74% mercury 
removal was achieved with E-26 compared to 67% with Hg-LH.  DARCO 
E-26 may be a feasible mercury control option for a unit of similar 
configuration to Labadie.  Additional testing is required to determine balance-
of-plant impacts. 

 The effectiveness of all sorbents decreased with increasing SO3.  For example, 
at nominally 8 lb/MMacf Hg-LH, 78%, 58 to 67%, and 52% mercury removal 
was achieved at no SO3, 5.2 pm SO3, and 10.3 ppm SO3 respectively. 

 BASF’s, concrete friendly sorbent, MS-200 was not effective for mercury 
control at Labadie. 

- PAC injection upstream APH and SO3 injection  

 In general, all sorbents tested both upstream and downstream were more 
effective when injected upstream of the APH whether the SO3 injection 
system was on or off.   

 The performance of Calgon FLUEPAC™-MC PLUS was similar to DARCO 
Hg-LH.  For example, at 5.2 ppm SO3, between 80 and 90% mercury removal 
was achieved by injecting 5 lb/MMacf of either PAC. 
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 Data gathered while co-injecting DARCO Hg and the coal additive KNX at 
various carbon and SO3 injection concentrations indicates that the addition of 
bromine to the coal in the form of KNX results in similar mercury removal 
compared to injecting chemically enhanced PAC.  For example, at 5.2 ppm 
SO3, 70% mercury removal was achieved with 2.6 lb/MMacf of Hg + KNX 
compared to 67% with either bromine-treated PAC.  At 5.2 lb/MMacf PAC, 
79% mercury removal was achieved with Hg + KNX compared to 80 to 90% 
removal with bromine treated PAC. 

 Calgon’s brominated ash compatible sorbent was not as effective as Hg-LH or 
MC PLUS, achieving only 69% removal at 5.5 lb/MMacf and 5.2 ppm SO3.  
Calgon indicated this batch may not have been representative. 

• Extended Injection Testing 

- Milling PAC on-site significantly increased PAC effectiveness.  For example, the 
average mercury removals were 73% at 5.5 lb/MMacf for as-received PAC and 
85% at 5.0 lb/MMacf for the milled PAC.  All extended tests were conducted with 
Calgon MC PLUS. 

- The average outlet mercury concentrations for the entire extended tests, corrected 
to 3% O2, were 2.09 lb/TBtu at 5.5 lb/MMacf as-received PAC and 1.31 lb/TBtu 
at 5 lb/MMacf milled PAC. 

• Balance-of-Plant 

- Numerous material-handling issues associated with Calgon MC PLUS were 
encountered during extended testing at Labadie.  Based upon experience at other 
sites and with other carbon manufactures, these problems appear to be specific to 
Calgon’s material.  Some are distribution issues that will likely be resolved as the 
market develops.  Those associated with the abrasiveness of the carbon will need 
to be addressed by equipment manufacturers.   

- No changes in opacity, air preheater differential pressure, or other balance-of-plant 
issues were observed as a result of PAC injection. 

Trona Injection for Flue Gas Conditioning. 
Trona was tested to investigate if this alkali-based compound could replace SO3 for 

flue gas conditioning.  There was no indication that Trona either increases ESP power levels 
or decreases opacity in the way that the current SO3 system does.  Accordingly, for Labadie 
Unit 2, Trona was not found to be a suitable replacement for SO3 flue gas conditioning. 

The goals for the program established by DOE/NETL were to reduce the uncontrolled 
mercury emissions by 50 to 70% at a cost 25 to 50% lower than the target established by 
DOE of $60,000/lb mercury removed.  The results from Labadie Unit 2, with 5.2 ppm SO3, 
indicate that milling standard commercially available bromine-treated carbon onsite, such as 
Calgon’s MC PLUS or Norit’s Hg-LH, increased the effectiveness of the PAC.  Based upon 
the test results described in this report, to achieve 85% mercury removal with SO3 injection 
of 5.2 ppm, , the estimated current sorbent cost would be $8,800/lb of mercury removed.  
This is 85% lower than the benchmark $60,000/lb established by the DOE.  To achieve 75% 



 

Labadie Topical Report 61 
41986R26 

removal with an as-received bromine-treated carbon and SO3 injection of 5.2 ppm, the cost is 
$10,400 per lb of mercury removed.  These results demonstrate that the cost goals established 
by DOE/NETL were exceeded during Labadie testing. 

A system to mill PAC on-site, an ADA patented process, for the configuration 
described in this report would have an uninstalled capital cost of approximately $1.7M, not 
including balance of plant systems.  The annual operating cost would approach $4.8 M, 
including lost fly ash sales.  A standard PAC injection system capable of 75% removal, with 
5.2 ppm SO3, would have an uninstalled capital cost of approximately $1.1 M, not including 
balance of plant systems.  The annual operating cost would approach $5.7 M, including lost 
fly ash sales.   
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LIST OF ACRONYMS AND ABBREVIATIONS 

ACI Activated carbon injection 

CVAAS Cold-vapor atomic absorption spectrometer 

CVAFS Cold-vapor atomic fluorescence spectroscopy 

DARCO® Hg Sorbent manufactured by Norit Americas.  Formerly known as 
DARCO® FGD 

DARCO® Hg-LH Sorbent manufactured by Norit Americas.  Formerly known as 
DARCO® FGD-E3 

DOE Department of Energy 

ESP Electrostatic precipitator 

FGD Flue gas desulfurization 

ICR Information Collection Request 

kacfm Thousand actual cubic feet per minute 

kW Kilowatt 

LNCFS™ Low-NOx concentric firing system 

MW Megawatt 

NETL National Energy Technology Laboratory 

NOx Nitrous oxides 

O&M Operating and Maintenance 

PAC Powdered activated carbon 

PLC Programmable logic controller 

PRB Powder River Basin 

SCA Specific collection area 

SGLP Synthetic groundwater leaching procedure 

SSD Sorbent screening device 

SOFA Separated over fire air 

TCLP Toxicity characteristic leaching procedure 
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Project Objectives 

The objective of testing at Ameren’s Labadie Power Plant is to determine the cost 
and effects of sorbent injection for control of mercury in stack emissions.  Labadie Power 
Plant is located near Labadie, MO.  The project will evaluate the effects of sorbent 
injection on the electrostatic precipitators (ESP) and the effects of using SO3 for flue gas 
conditioning on mercury sorbent performance.  This evaluation will be conducted on the 
full 630 MW, Unit 2 flue gas stream. 

Project Overview 

This test is part of an overall program funded by the Department of Energy’s 
National Energy Technology Laboratory (DOE/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 have been 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 five host sites allowed 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 

<20 

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 N/A 

AmerenUE’s 
Meramec Station 

PRB ESP  140 / 70 20  

American Electric 
Power’s (AEP) 
Conesville Station 

Bituminous ESP + Wet 
FGD 

400 / 400 50 
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Mercury control evaluations at AEP’s Conesville Station, Unit 6, indicated that 
although several sulfur-tolerant sorbents performed better than standard activated carbon, 
50% mercury removal was not achievable at this site with the currently available 
sorbents.  Conesville flue gas contains nominally 30 ppm SO3.   

Approximately 25 GW of units firing PRB coal and several sites firing low sulfur 
bituminous coal use SO3 to modify the resistivity characteristics of the fly ash for 
enhanced particulate collection.  Many of these are units planning to use sorbent injection 
for mercury control.   Sorbent injection studies at several sites (including previous testing 
at Labadie Unit2 in the fall of 2005) strongly indicated that SO3 is detrimental to sorbent 
performance.  Testing at Labadie was included in this program to better characterize the 
impact of SO3 on sorbent performance and to identify options to improve mercury 
removal with injected sorbents.   

Testing at Labadie has three focus areas to improve mercury removal: 1) sulfur-
tolerant sorbents, 2) injecting sorbents upstream of SO3 injection, and 3) evaluating 
whether sorbent properties reduce the requirements for SO3 to an extent that the SO3 
concentration can be reduced, thus improving the mercury removal effectiveness of the 
sorbents.   

Host Site Description 
Labadie Unit 2 is a Combustion Engineering, tangentially-fired, dry-bottom boiler 

rated at 630 MWe (gross) and was commissioned in 1971. The unit combusts PRB coal 
from various mines, including Cordero Rojo, Buckskin, Low Sulfur Jacobs Ranch, Black 
Thunder, Antelope and Caballo.  Table 2 provides available coal quality data for some of 
these coals.  

The unit is fitted with low NOx burners, LNCFS Level III, and utilizes SOFA for 
NOx control. No post combustion NOx or SO2 control devices are installed on this unit.  
Gas from the unit 2 splits (50% / 50%) between two runs of ducting which contain a 
cold-side Lungstrum air pre-heater.  Particulate control is accomplished with three 
parallel ESP’s  (A and B were original, and C was added later).  These have a combined 
specific collection area of 279 ft2/kacfm.  Flow control to the three ESPs is accomplished 
by louver dampers that adjust with load.  An SO3 injection system is used to enhance 
particulate removal.  Type C fly ash is sold to ash marketers, and ash Loss on Ignition 
(LOI) levels are driven by their specifications (< 0.5%).   

Unit 2 flue gas exits the regenerative air heater at a temperature of 350°F, flows 
through the ESP’s, and is exhausted to the atmosphere 700-feet above grade through a 
20.5-foot diameter flue.  A continuous emissions monitoring system (CEMS) monitors 
NOx, SO2, CO2, opacity, and flow rate. The CEM ports and monitors are located above 
the platform at 280 feet above plant grade. 
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Table 2.  Labadie PRB Coal Analysis 

Parameter 

Caballo 

Average        
(Dry Basis) 

Antelope 

Average        
(Dry Basis) 

Black Thunder 

Average        
(Dry Basis) 

Higher Heating Value 
(Btu/lb) 

12,054 12,005 11,898 

Carbon (%) 70.19 70.06 65.25 

Hydrogen (%) 4.99 4.90 5.92 

Nitrogen (%) 1.00 1.06 1.10 

Chlorine (Cl) (%) 0.01 0.01 0.03 

Sulfur (S) (%) 0.51 0.33 0.56 

Ash (%) 6.28 7.16 10.64 

Oxygen (%) 16.26 16.48 16.50 

Mercury (Hg) (lb/TBtu) 11.17 5.12 6.50 

Stack Opacity (%) – 6 
min average 

20 
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Figure 1.  Layout sketch of Labadie Power Plant 
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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 Ameren and 

Labadie Power Plant, DOE/NETL, and contributing team members.  ADA-ES held and 
on-line kickoff meeting with plant personnel and team members on September 15, 2006 
followed by an on-site visit on September 27, 2006 to discuss the overall scope of the 
program, the potential impact on plant equipment and operation, and to identify potential 
equipment and port locations.  Additional communications between ADA-ES and 
Ameren personnel have been conducted to discuss the host site agreements and other 
arrangements.  These efforts will be finalized during this task.  Other efforts include 
identifying any permit requirements, developing a quality assurance/quality control plan, 
finalizing the site-specific scope for each of the team members, and putting subcontracts 
in place for manual sampling (M17 or M5, and M26A etc.) sampling services.   

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 is being 
prepared and will be delivered to plant personnel in early October 2006.  Installation of 
the new test ports must be completed prior to testing.  The site will also be responsible for 
obtaining samples of coal, ash, and other solid samples during the testing program.  A 
sample management plan describing what samples will be collected and their frequency 
of collection will be issued in October.  Coal samples should be taken as close as possible 
to the feeders to represent “as-burned” or as-used samples.  However, coal samples 
should not be collected downstream of the pulverizers because some mercury may be 
released as a result of heating during the grinding process.  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).   



  December 23, 2008 

  Page 10 

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 four 
different sorbents.  DARCO Hg® and DARCO Hg-LH®, are lignite-derived activated 
carbons supplied by NORIT, are considered the benchmark for these tests because of 
there wide use in DOE and EPRI sponsored testing at sites firing PRB coal.  Potential 
alternative sorbents include DARCO E-25C® which was identified during testing at 
AEP’s Conesville Station.  DARCO –E-25C® is a alkali-treated, brominated sorbent and 
BASF MS200® is a mineral-based sorbent that has shown promise at a number of sites. 

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

injectors.  The sorbent injection system 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 Labadie includes installation of required ports and safe 
access to these ports, 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 the host plant.  ADA-ES engineers are working with plant engineers to 
develop an installation package for installation activities, and will work with the 
installation contractors. 

Table 4.  Scopes of Work for Sorbent Injection System 

ADA-ES Transportable System Provided by Host Site 
Porta PAC™ feeders Locate, secure, and power 
Sorbent Injection System Injection ports 
Sorbent Distribution Manifolds Test ports 
Conveying Hose Access platforms 
Sorbent Injectors Installation labor 
PLC Controls  Compressed air 
Hg CEMs Power, Compressed Air 
Office Trailer 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 
Labadie personnel to assure test equipment is installed in an efficient manner, within the 
resources available at the site. 
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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 three weeks.  This includes time for checkout and troubleshooting.  ADA-ES will 
also install the mercury CEMS at Labadie. 

Labadie will be responsible for all permitting and any variance requirements and 
any costs incurred as a result of lost ash sales.  ADA-ES can assist by providing 
information to or meeting with regulatory agencies as required. 

Descriptions of the mercury CEMs, sorbent injection system and coal additive 
system are provided in the appendix.   

A separate Sample Data Management Plan has been developed for implementing 
the overall sample and data management strategy of this project.  All quality assurance 
protocol for the Mercury CEM’s and Sorbent Trap Method have provided in a separate 
Quality Assurance Program Plan for this project. 

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. 

ADA-ES and the host site Environmental Health and Safety Department have put 
together a Health and Safety Plan which outlines potential hazards that could be 
encountered during onsite testing.  All ADA-ES personnel involved in field testing at 
Labadie are required to read, sign and obey the safety requirements outlined in this plan.  
A copy of this document will be prominently posted in the ADA-ES site trailer. 

Subtask 3.1 Sorbent Selection 

Over forty sorbents (carbon and non-carbon) were characterized for their mercury 
removal effectiveness either in full-scale injection tests or fixed-bed sorbent screening 
tests at AEP’s Conesville Station Unit 6 in 2005 and 2006 under this contract with DOE 
(DE-FC26-03NT41986).  The coal fired at Conesville is high sulfur Ohio basin 
bituminous with sulfur contents ranging from 2.5 to 4%.  None of the materials tested at 
full-scale demonstrated appreciable mercury removal.  Several of the top performers will 
be tested in a fixed-bed screening device at Labadie.  One anon-carbon material will also 
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be evaluated for comparison.  A description of the screening device is included in the 
appendix. 

Sorbents which will be screened at Labadie include: DARCO Hg®, DARCO Hg-
LH®, DARCO E-25C®, DARCO 26®, Frontier Geosciences FGS1®, and BASF 
MS200®. 

Subtask 3.2 Sample and Data Coordination 

During every test day, the ADA-ES Site Manager will be on site or on call.  The 
ADA-ES Site Manager will manage coordination on site between all ADA-ES activities 
and the plant staff.  Plant staff will be collecting coal and ash samples and providing unit 
operating data for use in evaluating the mercury program results.  Table 5 summarizes 
samples and data that will be collected during testing. 

Table 5.  Samples and Data to be Collected During Field Testing at Labadie Unit 2. 

Parameter Sample/signal/test Baseline Parametric Constant 
Injection 

Coal daily composite Yes Yes Yes 

Fly ash daily hopper samples: * total ~1/2 L 
each 

Yes No Yes 

Unit operating data: boiler load, ESP 
operation, CEMS Data, etc. (listed separately 
below in Table 6) 

Yes Yes Yes 

Velocity and temperature traverse at ESP 
inlet/outlet 

Yes No No 

Mercury (total) monitors at ESP inlet and 
stack – CEM 

Yes Yes Yes 

Mercury (total) STM (small traps) at stack Yes (4 sets) No Yes (4 sets) 

Halogens, M26A1 No No Yes 

Particulate, M5/17  Yes  No Yes 

Sorbent Injection Rate, lb/min No Yes Yes 

Note 1: M26A testing will only be required if KNX or a bromine-treated activated carbon 
is used during the 5-day extended testing period. 
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3.2.1 Solids Sampling 

Coal Sampling 
Coal samples will be extracted from the slide gate inspection door on the D Silo.  

A plant operator will extract approximately a ½ L sample and place them into a labeled 
1-Liter bottle.  It is desired to obtain a coal sample samples as close to 8 hours apart as 
possible.  Samples will be taken at 05:30, 13:30, and 23:30.  This time from when coal 
passes through this location to when it is burned is typically 7 – 8 hours (900/ feedrate 
(typically ~124klb/ hr).  ADA-ES personnel will take custody of the samples and 
composite them on site for shipment and analysis.  Samples that are obtained while ADA 

Fly Ash Sampling 
Fly ash will be sampled on a daily basis during baseline and extended tests.  It 

will not be sampled during parametric testing because the conditions are not held long 
enough for a bulk ash sample to accurately reflect parametric tests.   

The A and B ESPs have four hoppers across and three in the direction of flow.  
The C ESP has four hoppers across and four in the direction of flow.  A sketch is 
provided for reference in Figure 2.  The first three rows of hoppers will be sampled, one 
hopper per row.  One set of fly ash samples is requested per day during baseline and 
extended tests.  Approximately 20 ash samples will be analyzed for loss-on-ignition 
(LOI) and mercury. 

The hoppers identified for sampling should be emptied at about 0900 hours to 
allow enough time to collect a representative ash sample in the hoppers.  Ash sampling 
will then occur at approximately 1100 hours.  It may be necessary to allow for a longer 
collection time for samples drawn from the outer rows.  Following ash sampling, the ash 
removal system should be returned to its normal cycle until the next sampling event 
(usually the following day). 

Hoppers identified for sampling are shown in Figure 2 and detailed here (hopper 
ID’s to be updated with plant input):   

Row ESP A ESP B ESP C 
1 2A11 2B11 2C1-5 
2 2A5 2B5 2C1-3 
3 2A3 2B3 2C1-7 

 

Operations personnel will collect each ½-1L fly ash sample in a separate, labeled 
1-L containers (provided by ADA-ES).  A total of nine fly ash sample containers will be 
collected per sampling event.  ADA-ES will combine these as appropriate and store or 
ship them for analysis.   
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Figure 2. Sketch of Labadie Unit 2 ESP Hoppers. 

Bottom Ash Sampling  
Bottom ash will be sampled twice during testing, although timing is not critical it 

is requested that samples be collected on November 14th and December 14th.  Bottom ash 
can be sampled at the end of the transport line at the ash pond using a bucket.  Samples 
will then be placed into a ½ gallon can.  ADA-ES will take custody of these samples for 
shipment and analysis. 

Coal and Ash Sampling Management Controls 
All bulk coal and ash samples will be collected by Labadie personnel.  ADA-ES 

will coordinate closely with Labadie operations personnel daily on this sampling, and 
will accompany the operator responsible for sample collection as needed.  Once the 
samples have been collected and labeled, they will be delivered to the ADA-ES trailer to 
be combined as appropriate, sealed and  readied for shipment.   

Once 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 strict COC procedures will 
not be enforced (e.g., signatures to release sample custody, controlled access), all 
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pertinent information will be recorded.  The samples, along with a COC, will be shipped 
to the ADA-ES laboratory for tracking and either analyzed onsite or shipped to the 
appropriate laboratory (SGS/Frontier/Hawk Mountain) for further analysis.  All samples 
will be stored at ADA-ES’ laboratory for potential future analysis. 

3.2.2 Plant Operating Data 
The ADA-ES Site Manager will work closely with plant operators to monitor key 

plant operating parameters in real-time during testing. In addition, ADA-ES requests unit 
operating data in electronic form on a fifteen-minute average basis. The list of requested 
plant data is provided in Table 6.  If possible, it would be extremely useful to have plant 
operating data provided daily.   

If at any time the performance of the existing pollution control equipment or 
outlet emissions exceed acceptable operating limits, testing will be halted.  Additionally, 
during all injection periods across the air pre-heater, the differential pressure will need to 
be closely monitored.  An acceptable limit will be discussed and agreed upon prior to 
beginning injection. 
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Table 6.  Unit operating parameters requested for 15- minute logging during 
Labadie 2 Sorbent Injection Testing. 

Parameter Unit(s) Note 
Load MW, gross and net  
Heat Rate Btu/MW-hr  
ID Fan  Amps Three monitored: A,B,C 
Boiler O2 %, wet  
Duct O2 %, wet A & B, each avg of 3 econ exit probes 
Mill Fuel Flow klb/hr Five monitored: A-F 
Boiler Air Flow %  
Main Steam Flow klb/hr  
AH Differential Pressure in Hg  
AH Gas Temperatures F Four points: A/B gas in and gas out 
AH Air Temperatures F Four points: A/B air in and air out 
SOFA position % Five levels: 1-5 
CCOFA position % Two levels: 1 & 2 
SO3 Injection Rate %, lb/hr Two points 
Sulfur burner DT F  
Main sootblower header 
steam flow 

klb/hr  

Ambient T F  
Barometric P in Hg  
Stack T, Flow, Velocity F, lb/hr, ft/s Three points 
NOx ppm, lb/MMBtu Two points 
SO2 ppm, lb/MMBtu Two points 
CO2 %, wet  
Opacity %, 6-minute  
TR Primary V, A 12 ea A & B; 16 C for each V & A 
TR Secondary kV, mA 12 ea A & B; 16 C for each V & A 
TR Spark Rate spark/min 12 ea A & B; 16 C 

Miscellaneous notes daily: 
• Equipment out of service 
• Equipment failures or upsets, note time and remedy 
• Fuel type fired and source (train or coal pile) 
• Sootblowing schedule 
• Water cannon schedule 

 

3.2.3 On-Site Measurements 
The primary extraction locations for the mercury CEMs will be between the 

Econmizer and APH as well as in the Unit 2 stack at the 767’-0” Level.  The extraction 
port and probe length will be identified, for each probe location, once a velocity and 
temperature traverse are completed to identify an appropriate, single-point position.  The 
position will be at a duct average temperature and velocity.  Experience has shown that 
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this should be representative of the duct average mercury concentration.  Additional 
extraction locations for periodic measurements will be located downstream of sorbent 
injection just upstream of the ESP to provide information on the in-flight mercury 
removal. 

Manual mercury concentrations will be measured by averaging four duplicate-
simultaneous runs of STMs (Sorbent Trap Method, a modified version of 40 CFR Part 75 
Appendix K – see appendix for description) at the APH inlet and ESP outlet locations.  
The outlet particulate emissions are a key parameter to assess the impact of carbon 
injection on ESP performance.  Therefore, a particulate emission measurements will be 
made with in accordance with EPA Method 5 or 17.  If a brominated coal additive such 
as Alstom’s KNX or a bromine-treated activated carbon is chosen for extended testing a 
halogen measurement will be made in accordance with EPA Method 26A.  Method 5 or 
17 testing will be conducted during baseline and extended testing 

Subtask 3.3 Baseline Testing 

Once the equipment is installed, the first week of baseline testing (no sorbent 
injection) is scheduled.  During the baseline testing series, mercury measurements will be 
made across the ESP.  This data will be used to characterize native mercury capture 
across the ESP 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 (620 + 5%)and that the air pollution equipment will be operated 
under standard full-load conditions.  Manual tests including STM (mercury) and M5/ 
M17 (particulate) will be conducted during this subtask at the APH inlet and ESP outlet.   

Subtask 3.4 Parametric Testing 

Following baseline testing, 5-days of Ameren testing and two weeks DOE of 
parametric testing are planned as shown in the test matrix (Table 7).  The parametric tests 
will be conducted at full-load conditions to document sorbent injection requirements at 
various sorbent injection rates.  Mercury measurements will be made with the CEMs 
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 rate and mercury removal efficiencies across the 
ESP.  

Testing at Labadie will also include an evaluation of alternative sorbents that may 
reduce the impact that traditional sorbents have on lost ash sales.  The only candidate 
available to test is MS200, a mineral-based sorbent from BASF.  MS200 will be injected 
upstream of the Unit 2B ESP and a Mercury CEM extraction probe will be installed 
downstream of the 2B ESP just before the stack breach.  BASFs MS 200 will be 
characterized at three injection concentrations, and up to three SO3 concentrations. 

Provided that a licensing agreement can be finalized in time for testing, this 
evaluation will also include a demonstration of Alstom’s KNX.  KNX will be injected 
into the 2E feeder in sufficient quantity to treat the entire boiler coal stream.  While 
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burning coal treated with KNX, an unbrominated carbon will be injected upstream of the 
APH.   

During testing, the performance of carbon-based sorbents will be characterized.  
The tests are planned to: 

1) Characterize mercury removal performance when sorbent is injected upstream 
and downstream of SO3 injection (2-days upstream, 2-days downstream) 

2) Characterize mercury removal performance of brominated activated carbon, 
DARCO Hg-LH®, at varying SO3 concentrations (2-days) 

3) Identify any differences in the impact of brominated and non-brominated 
carbon on ESP performance (2-days) 

4) Characterize the mercury removal performance of at least two “sulfur 
tolerant” sorbents (4-days total) 

5) Evaluate the impact of operating temperature on sorbent performance (1-day) 

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 

An “extended” 5-day continuous injection test will be conducted at the 
“optimum” settings as determined in the parametric tests and approved by both DOE and 
Ameren/Labadie.  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 initial 
operational data on removal efficiency over a short extended period to indicate the effects 
on the particulate control device, effects on byproducts, and impacts to the balance of 
plant equipment to begin to evaluate the viability of the process and determine the 
process economics.  During this test, STM and M17 or M5 measurements will be 
conducted at the inlet and outlet of the pollution control device at least once, depending 
on results verifying mercury monitor measurements during the baseline tests.  If KNX 
and an unbrominated carbon injection combination is used during extended testing, EPA 
Method 26A will be used to measure halogen stack emissions.  
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Table 7.  Proposed Full-Scale Test Sequence for Labadie Unit 2 

Test 
Description 

Start 
Date 

Parameters/Comments Boiler Load

Sorbent 
Screening 

11/9/ – 
11/11/06 

Day 4 - 7  
STM 

None 

Baseline  11/13 
11/14 
11/15 
11/16/06 

Day 8 (Mon): 
Day 9: STM, M17 
Day 10: Reduce SO3 during day 
Day 11: Reduce SO3 during day 

Full Load* 
6AM-6PM 
 

Parametric 
Sorbent 
Injection 
Testing 

11/17 
 
11/19 
 
11/21 
11/22-
11/27 
11/28 
11/29 
11/30-12/1 
 
12/2 
12/3-12/4 
 
12/5 
 
12/6 
12/7-12/8 
12/9-12/10 

Day 12-13:  E-25C injection @ 1, 3, 5, 10 lb/Mmacf 
                    Reduce SO3 during day 
Day 14-15:  E-25 Injection @ 1, 3, 5, 10 lb/Mmacf 
                    Reduce SO3 during day 
Day 16:       MS200 Injection @ 4, 8, 12 lb/MMacf 
           Offsite for Thanksgiving Holiday 
Day 23:       MS200 Injection @ 4, 8, 12 lb/MMacf 
Day 24:       Hg-LH @ APH inlet, 1, 3, 5, 10 lb/MMacf  
Day 25-26:  Hg-LH @ APH inlet, 1, 3, 5, 10 lb/MMacf 
                    Reduce SO3 during day 
Day 27:       Hg-LH @ APH outlet, 1, 3, 5, 10 lb/MMacf 
Day 28-29:  Hg-LH @ APH outlet, 1, 3, 5, 10 lb/MMacf   
                    Reduce SO3 during day                 
Day 30:       Hg @ APH inlet, 1, 3, 5, 10 lb/MMacf  
                    Reduce SO3 during day 
Day 31:       Hg & KNX @ APH inlet 1, 3, 5, 10 lb/MMacf  
Day 31:       Hg & KNX @ APH inlet 1, 3, 5, 10 lb/MMacf  
                    Reduce SO3 during day  
Day 32-32:  Contingency 

Full Load* 
6AM-6PM 

Extended 
test (5-Day) 

12/11-
12/15 

Operate at consistent injection rate 24 hours a day, 5 days, 
while load following.  STM and M5/17 tests. 
Sorbent and rate TBD.** 

Constant 
Load only 
during STM 

*Full Load = 620 + 5% 
** Sorbent injection will be stopped if the ESP spark rate or Unit 2 opacity 
exceeds levels determined by plant personnel at beginning of test week.   
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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.   

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.  

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, 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 and mercury, chlorine, and sulfur 
levels will be determined for the coal samples.  The ash will be analyzed for mercury and 
other potential tests such as alkalinity, size distribution, chlorine, bromine, and metals 
such as selenium and arsenic.  A summary of the analyses to be performed is included in 
Table 8. 

Although previous tests from this program and others have shown that 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.   

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.  
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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 

EERC 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. 

The ADA-ES program team 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. 
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Schedule 

The tentative schedule for activities at Labadie Power Plant is shown in Table 9.  
Equipment installation is scheduled to begin the week of November 6th, 2006.  DOE 
Parametric testing and extended testing are scheduled between November 28th and 
December 15th, 2006. 

Table 9.  Tentative Schedule for Labadie 
2006 2007
Sept Oct Nov Dec Jan Feb Mar Apr

Planning
Install Equipment
Field Testing
   Sorbent Screening
   Baseline
   Parametric
   Extended
Data analysis
Coal and Byproduct Evaluation
Economic analysis
Site Report  
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Key Personnel 

Key personnel for testing at Labadie Plant are identified below in Table 10. 

Table 10.  Key Project Personnel for Labadie Plant Mercury Field Evaluation 

Name Company Role Phone # E-MAIL/Cell Phone 

Thomas Orscheln Ameren Supervising 
Engineer 

314-957-3238 TOrscheln@ameren.com 

Steve Wahlert Ameren Project Manager 314-957-3254 SWahlert@ameren.com 
Brian Griffen Ameren/ 

Labadie 
Plant Engineer 314-992-8273 BGriffen@ameren.com 

Sharon Sjostrom ADA-ES ADA-ES Project 
Manager 

303-339-8856 SharonS@adaes.com 
303-919-8538 

Marty Dillon ADA-ES ADA-ES Site 
Manager 

303-962-1933 MartyD@adaes.com 
720-384-6112 

Andrew O’Palko DOE/NETL DOE/NETL 
Project Manager 

304 285-4715 Andrew.OPalko@netl.doe.
gov 

Ramsay Chang EPRI EPRI Project 
Manager 

650-855-2535 RChang@epri.com 

 

Equipment Delivery 

All equipment will be shipped to Labadie.  Shipping will be coordinated through 
Brian Griffen. 

AmerenUE, Labadie Power Plant 
226 Labadie Power Plant Road 
Labadie, MO 63055-1344 
Attn: Brian Griffen (314) 992-8273 

 
Deliverables 

An informal report will be generated summarizing sorbent screening results, CEM 
operation and mercury measurements made during testing.  The report will be issued by 
mid-January.  A topical report will be issued during the first quarter of 2007 summarizing 
results from testing at Labadie. 
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Appendix 

Installation Description 

Description of Thermo Mercury Freedom System™ 

Description of Porta PAC™ sorbent feed system 

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

KNX Coal Additive 
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Installation Description  
 

Air Pre-heater Inlet Location 

Hg CEM measurements will be made upstream of the air pre-heater.  Four, 4-inch 
sample ports are located upstream of both air pre-heaters, as shown in Figure 3.  The 
ports are roughly 10’ above the deck plate and are symmetrical along the 39’ face of 
ducting (roughly 8’ apart).  The inlet Thermo Analyzer can be placed on the mezzanine 
on the level above the APH (584’ level) 

Sorbent injection is planned in a set a vertical ports downstream of the 
measurement ports, as shown in Figure 4.  A complete summary of all installation 
activities has been provided in a separate Plant Installation Document and Plant 
Installation Matrix. 

Requirements: 

Power: None at extraction location.   
            584’ level: 
                  240V, 30A 
                  2@120V, 20A 

Compressed Air: None at extraction location.   
            584’ level: 
                  70 psi, 20 cfm instrument-quality 

Other:  
●  Scaffolding to attach monorail above each of 8 horizontal ports between economizer 
and APH 
●  150# flange adapters (w/ blind flange covers) onto the capped 4” MPT pipes 
●  Clear all 4” ports 
●  Sufficient lighting for safety at night 
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Figure 3.  APH inlet Hg CEM ports 
 

 

Figure 4.  APH inlet sorbent injection ports 

APH Inlet CEM Ports 
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Air Pre-heater Outlet Location 

Sorbent injection is planned downstream of the air-preheater approximately 10’ 
downstream of SO3 injection.  The plant will install 16 (8 per duct) injection ports prior 
to testing.  A drawing with port requirements is included as Figure 5. 

Requirements: 

Power: None at injection location.   
Compressed Air: None at injection location.   
Other:  
●  16 ports per drawing 
●  Scaffolding with rail for safe access to all ports on both ducts 
●  Sufficient lighting for safety at night 

B-ESP Inlet Location 

Sorbent injection is planned downstream C takeoff scoops upstream of the B-ESP.  
Ports are available from previous testing.   

Requirements: 

Power: None at injection location.   
Compressed Air: None at injection location.   
Other:  
●  Safe access to all ports 
●  Clear ports  
●  Sufficient lighting for safety at night 

B-ESP Outlet Location 

Hg CEM measurements will be conducted at the outlet of the B-ESP during some 
of the tests (see Figure 6).   

Requirements: 

Power: 120V, 20A for STM (CEM power comes from trailer) 
Compressed Air: None at extraction location (power from trailer).   
Other:  
●  Safe access to all ports 
●  Clear ports  
●  Sufficient lighting for safety at night
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Figure 6.  B-ESP outlet duct into stack.   

 

Stack Location 

Hg CEM measurements will be made in the stack with the other plant CEM 
equipment (767’-0” level). 

Requirements: 

Power: 110V, 20A for STM (CEM power in ADA-ES trailer) 
 

Compressed Air: 90 psi @ 10CFM at ADA-ES trailer). 
 

Other:  
●  Support hoisting CEM umbilical 
●  Clear CEM and STM ports (28 @ 4” total) 
●  Sufficient lighting for safety 
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Trailer at Base of Stack 

One office trailer will be used for the duration of testing.  A sketch of the location is 
shown in Figure 1.  The requirements for this trailer are listed below.   

Requirements: 

Telephone Lines:  Two analog phone lines are requested for: 

(1) phone lines with outside dial in/out access run to the trailer.   

(1) phone line for Thermo Mercury Freedom Analyzers™  which will be used for 
offsite monitoring. 

Power:  Normal power to the trailer panel to run the lights, heating, AC, etc   

Two (2) separate dedicated 120V/20A circuits supplied with standard three prong 
receptacles near or inside the trailer.  These circuits will be dedicated to the CEM 
and computers to keep them separate from the trailer circuits. 

Two (2) separate 240V/30A circuits and one 240V/20A circuit.  30A circuits 
terminated with NEMA L6-30 receptacles and 20A circuits terminated with 
NEMA L6-20 receptacles.  These circuits will be dedicated to the heated sample 
line required by the CEM (0.12A/ft.), and the sample probe   

Compressed Air:  One (1) 70 psig, 20 cfm line supplied to the trailer. 

Porta-PAC™ Location 

Four 900 lb super sac feeders will be used during testing.  Two will be located next to the 
boiler house just underneath the outer edges of the 2A and 2B duct and the other the two 
will be located near the Unit 2 ID fans.  A sketch of the Porta-Pac™ locations are shown 
on Figure 1 (Item 9).   

Power: 480V, 3 phase 60amp per feeder (4 total) 
Compressed Air: 30 psi, 5 cfm 
Other:  
●  Access to a forklift and operator for assembly and disassembly of the Porta-PAC™s  
●  Boiler load signal (4 – 20mA) to each Porta-PAC™ 
●  Location to suitably anchor the Porta-PAC™s 
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Description of Porta-PAC™ Feed System 
The sorbent injection equipment used for testing at Labadie will include four 

portable injection skids, or Porta-PAC™s, a sorbent distribution manifold and sorbent 
injection lances.  Each Porta-PAC™ incorporates a stand-alone blower/feeder train.  
Sorbent will be delivered in 900 pound super-sacks by truck and off-loaded to a lay down 
area.  The super-sacks are suspended above a hopper on the Porta-PAC™ with an on-
board hoist.  Sorbent is metered by a variable speed screw feeder in the hopper into an 
eductor that provided the motive force to carry the sorbent to the injection point.  A 
regenerative blower on each skid provides the conveying air to the eductor.  A 
Programmable Logic Controller (PLC) system is used to control system operation and 
adjust injection rates.  Figure 7 is a schematic of the layout of a typical Porta-PAC™ 
feeder train.  The unit is approximately 16 feet high (two 8 ft sections that bolt together 
during onsite installation), with a 5 ft x 5 ft footprint and an empty weight of 3,000 lb.  
The Porta-PAC™ holds one super-sack 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 injection lances.  Figure 8 is a picture of an 
assembled Porta-PAC™. 

SUPER SACK
900 LB

PORTA-PACTM 

FEED SYSTEM

INJECTION 
LANCES

 

Figure 7.  Generic Porta-PAC™ Installation. 
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Figure 8.  Photo of Porta-PAC™ at a Site. 
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Description of Thermo Mercury Freedom System™ 
The Thermo Electron Mercury Freedom System™  CEM.  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 9, a 
schematic of the entire system, showing the key components and other supporting 
instrumentation.  Zero and span check will be conducted daily on the CEMs and 
calibrations will be conducted as required. 

• 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 9.  Thermo Electron Mercury Freedom System™. 

It is anticipated that the inlet mercury CEM (analyzer, calibrator and probe 
controller) will be located on the 584’ Gallery area.  This location was chosen due to 
lower temperatures, low dust levels and proximity to the sampling probe.  Placing 
temperature sensitive equipment at this location will require a 50’ heated sample line to 
reach the probe location which are located halfway between the 584’ and 565’ levels.  A 
temporary enclosure will be used to ensure adequate climate control.   
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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.  The method was proposed in the Utility Mercury Reduction Rule for 
application as either 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 these tests will be 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 the figure below, 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. 



  December 23, 2008 

8 

Gas Flow
             B Section                          A Section

~ 25 mm ~ 25 mm

Glass wool or foam

 
The sample train is fairly simple, as shown below.  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.   
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Dry
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Water 
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The STM directly measures mercury 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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KNX Coal Additive 
KNX is a proprietary halogen based chemical developed by ALSTOM Power has been 
demonstrated to enhance the performance of standard activated carbons. KNX has been 
shown to increase the fraction of oxidized mercury which is easier to collect in 
downstream pollution control equipment. 

KNX fuel additive testing will require a small injection pump that will be setup adjacent 
to the mill that feeds the lowest burner level. The injection pump will sit directly on top 
of the 55 gallon drum. 
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Project Objectives 

The objective of testing at Ameren’s Labadie Power Plant is to determine the cost 
and effects of sorbent injection for control of mercury in stack emissions.  Labadie Power 
Plant is located near Labadie, MO.  The project will evaluate the effects of sorbent 
injection on the electrostatic precipitators (ESP) and the effects of using SO3 for flue gas 
conditioning on mercury sorbent performance.  This evaluation will be conducted on the 
full 630 MW, Unit 2 flue gas stream. 

Project Overview 

This test is part of an overall program funded by the Department of Energy’s 
National Energy Technology Laboratory (DOE/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 have been 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 five host sites allowed 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 

<20 

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 10-30 

AmerenUE’s 
Meramec Station 

PRB ESP  140 / 70 <30 

AmerenUE’s 
Labadie Power 
Plant 

PRB ESP  630 <20 

American Electric 
Power’s (AEP) 
Conesville Station 

Bituminous ESP + Wet 
FGD 

400 / 400 50 
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Approximately 25 GW of units firing PRB coal, including Labadie Power Plant, 
and several additional sites firing low sulfur bituminous coal use SO3 to modify the 
resistivity characteristics of the fly ash for enhanced particulate collection.  Many of these 
are units planning to use sorbent injection for mercury control.  Periodic testing at 
Labadie from 2005 through 2007 indicated that SO3 has a detrimental impact on the 
mercury removal performance of activated carbons.  Two techniques: 1) injecting sorbent 
upstream of the air preheater (APH) and SO3 injection system, and 2) injecting a sulfur-
tolerant material resulted in more than 70% mercury control at injection concentrations 
above 2.5 lb/MMacf.  Injecting upstream of the APH resulted in the highest mercury 
removal.   

Additional testing at Labadie has four focus areas: 1) evaluate whether milling 
PAC to nominally 5 microns will reduce injection requirements, 2) determine if injecting 
activated carbon upstream of the APH has any adverse impacts on pressure drop across 
the air preheater through extended testing, 3) determine the impact of sorbent injection on 
particulate emission, and 4) determine if Trona is effective at reducing or eliminating 
requirements for SO3 injected to improve the particulate removal efficiency of the ESP.. 

Host Site Description 
Labadie Unit 2 is a Combustion Engineering, tangentially-fired, dry-bottom boiler 

rated at 630 MWe (gross) and was commissioned in 1971. The unit combusts PRB coal 
from various mines, including Cordero Rojo, Buckskin, Low Sulfur Jacobs Ranch, Black 
Thunder, Antelope and Caballo.  Table 2 provides available coal quality data for some of 
these coals.  

The unit is fitted with low NOx burners, LNCFS Level III, and utilizes SOFA for 
NOx control. No post combustion NOx or SO2 control devices are installed on this unit.  
Gas from the unit 2 splits (50% / 50%) between two runs of ducting which contain a 
cold-side Lungstrum air pre-heater.  Particulate control is accomplished with three 
parallel ESP’s (A and B were original, and C was added later).  These have a combined 
specific collection area of 279 ft2/kacfm.  Flow control to the three ESPs is accomplished 
by louver dampers that adjust with load.  An SO3 injection system is used to enhance 
particulate removal.  Type C fly ash is sold to ash marketers, and ash Loss on Ignition 
(LOI) levels are driven by their specifications (< 0.5%).   

Unit 2 flue gas exits the regenerative air heater at a temperature of 350°F, flows 
through the ESP’s, and is exhausted to the atmosphere 700-feet above grade through a 
20.5-foot diameter flue.  A continuous emissions monitoring system (CEMS) monitors 
NOx, SO2, CO2, opacity, and flow rate. The CEM ports and monitors are located above 
the platform at 280 feet above plant grade. 
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Table 2.  Labadie PRB Coal Analysis 

Parameter 

Caballo 

Average        
(Dry Basis) 

Antelope 

Average        
(Dry Basis) 

Black Thunder 

Average        
(Dry Basis) 

Higher Heating Value 
(Btu/lb) 

12,054 12,005 11,898 

Carbon (%) 70.19 70.06 65.25 

Hydrogen (%) 4.99 4.90 5.92 

Nitrogen (%) 1.00 1.06 1.10 

Chlorine (Cl) (%) 0.01 0.01 0.03 

Sulfur (S) (%) 0.51 0.33 0.56 

Ash (%) 6.28 7.16 10.64 

Oxygen (%) 16.26 16.48 16.50 

Mercury (Hg) (lb/TBtu) 11.17 5.12 6.50 

Stack Opacity (%) – 6 
min average 

20 
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Figure 1.  Layout sketch of Labadie Power Plant 
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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 testing 
 Parametric testing 
 Long-term testing 

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 Ameren and 

Labadie Power Plant, DOE/NETL, and contributing team members.  ADA-ES held and 
on-line kickoff meeting with plant personnel and team members on September 15, 2006 
followed by an on-site visit on September 27, 2006 to discuss the scope of the first round 
of testing, the potential impact on plant equipment and operation, and to identify potential 
equipment and port locations.  Other efforts required for the second round of testing are a 
meeting with Ameren and plant personnel to discuss plans for the second phase of 
testing, and putting subcontracts in place for manual sampling (M5/202) and additional 
equipment (Trona injection silo).   

The host site installed additional sampling and injection ports prior to testing in 
2006.  During 2007 testing, the site will also be responsible for obtaining samples of coal, 
ash, and other solid samples.  A sample management plan describing what samples will 
be collected and their frequency of collection will be issued prior to testing.  Coal 
samples should be taken as close as possible to the feeders to represent “as-burned” or as-
used samples.  However, coal samples should not be collected downstream of the 
pulverizers because some mercury may be released as a result of heating during the 
grinding process.  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).   

ADA-ES and the host site Environmental Health and Safety Department have put 
together a Health and Safety Plan which outlines potential hazards that could be 
encountered during onsite testing.  All ADA-ES personnel involved in field testing at 
Labadie are required to read, sign and obey the safety requirements outlined in this plan.  
A copy of this document will be prominently posted in the ADA-ES site trailer. 
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Sorbent Selection 

A key component of the planning process for these evaluations is identifying 
potential powdered activated carbon (PAC) sorbents for testing.  Based upon results from 
the first round of DOE testing at Labadie, the 15 day extended test will be conducted 
using Calgon’s FluePAC-MC® Plus.  This decision will be made by the team based upon 
availability and cost from each provider. 

Trona, a naturally occurring mineral also known as sodium sesquicarbonate, will 
be injected as a dry powder.  This material is available from Solvay Chemicals.  The fine 
material, Trona T-200, has a mean particle size of 35 μm.  This material will be further 
milled on-site, to ~5 μm, immediately prior to injection into the duct upstream of the 
ESPs.  Trona is has demonstrated success removing SO2 and SO3 from flue gas, and has 
been used to improve particulate removal in hot-side ESPs.  When used to improve ESP 
performance, it is typically injected in the range of 1 to 3% of the fly ash. 

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

injectors.  The sorbent conveying and distribution system was designed prior to testing in 
2006.  The feed equipment planned for use during the 2007 tests at Labadie will be a 
portable PAC injection skid and day silo in conjunction with a pneumatic bulk truck for 
PAC storage.  A second skid and distribution system is required for the Trona injection 
tests. 

Required site support at Labadie includes safe access to test ports, 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 the host plant.  
ADA-ES engineers are working with plant engineers to develop an installation package 
for installation activities, and will work with the installation contractors. 

Table 4.  Scopes of Work for Sorbent Injection System 

ADA-ES  Provided by Host Site 
Sorbent Injection Systems Locate, secure, and power 
Sorbent Conveying Systems Injection ports 
Sorbent Distribution Manifolds Test ports 
Conveying Hose Access platforms 
Sorbent Injectors Installation labor 
PLC Controls  Compressed air 
Hg CEMs Power, Compressed Air 
Office Trailer Signal Wiring / Telephones / Power 
Jet Milling Equipment Compressor Fuel 
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ADA-ES will oversee installation and system checkout of the mercury control and 
Trona injection 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 Labadie personnel to assure test 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 three weeks.  This includes time for checkout and troubleshooting.  ADA-ES will 
also install the mercury CEMs at Labadie. 

Labadie will be responsible for all permitting and any variance requirements and 
any costs incurred as a result of lost ash sales.  ADA-ES can assist by providing 
information to or meeting with regulatory agencies as required. 

Full descriptions of the mercury CEMs and PAC injection systems are provided in 
the appendix.   

A separate Sample Data Management Plan for the second round detailing the 
overall sample and data management strategy of this project will be completed prior to 
beginning on-site testing.  All quality assurance protocols for the Mercury CEM’s and 
Sorbent Trap Method have been provided in a separate Quality Assurance Program Plan 
for this project. 

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. 

Subtask 3.1 Mercury Sorbent Selection 

Parametric testing has been completed at Labadie.  Based upon parametric test 
results, the extended tests will be conducted using Calgon’s FluePAC-MC® Plus.  One 
day of parametric testing with Norit’s DARCO Hg-LH® will be made for comparison 
purposes with Calgon’s FluePAC-MC® Plus. 
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Subtask 3.2 Sample and Data Coordination 

During every test day, the ADA-ES Site Manager will be on site or on call.  The 
ADA-ES Site Manager will manage coordination on site between all ADA-ES activities 
and the plant staff.  Plant staff will be collecting coal and ash samples and providing unit 
operating data for use in evaluating the mercury program results.  Table 5 summarizes 
samples and data that will be collected during testing. 

Table 5.  Samples and Data to be Collected During Field Testing at Labadie Unit 2. 

Parameter Sample/signal/test Baseline Constant 
Injection 

Coal daily composite Yes Yes 

Fly ash daily hopper samples:  total ~1/2 L 
each 

Yes Yes 

Unit operating data: boiler load, ESP 
operation, CEMS Data, SO3 injection rate, 
opacity, etc. (listed separately below in Table 
6) 

Yes Yes 

Mercury (total) monitors at ESP inlet and 
stack – CEM 

Yes Yes 

Mercury (total) STM (small traps) at stack Yes (4 sets) Yes (4 sets) 

Particulate, M5/202 Yes  Yes  

Acid Dewpoint Temperature (Breen Probe) Yes Yes 

Sorbent Injection Rate, lb/min No Yes 

* 5 days of testing during both baseline and longterm.  Inlet will be (2) 3 hour runs 
(per day) traversing the ports at the APH outlet.  Outlet to be (1) 6 hour run (per 
day) on the stack. 

3.2.1 Solids Sampling 

Coal Sampling 
Coal samples will be extracted from the slide gate inspection door on the D Silo.  

A plant operator will extract approximately a ½ L sample and place them into a labeled 
1-Liter bottle.  It is desired to obtain a coal sample samples as close to 8 hours apart as 
possible.  Samples will be taken at 05:30, 13:30, and 23:30.  This time from when coal 
passes through this location to when it is burned is typically 7 – 8 hours (900/ feedrate 
(typically ~124klb/ hr).  ADA-ES personnel will take custody of the samples and 
composite them on site for shipment and analysis.   
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Fly Ash Sampling 
Fly ash will be sampled on a daily basis during baseline and extended tests.  Ash 

samples will not be collected during parametric testing since the conditions are not held 
long enough for a bulk ash sample to accurately reflect the short duration of parametric 
testing.   

The A and B ESPs have four hoppers across and three in the direction of flow.  
The C ESP has four hoppers across and four in the direction of flow.  Prior to long-term 
testing, it is requested that a sample from each hopper be obtained.  It is understood it 
may not be possible to obtain a sample from the outer hoppers.  A sketch of the Unit 2 
ESP hoppers is provided for reference in Figure 2.  During extended testing, the first 
three rows of hoppers will be sampled,  two hoppers per row.  One set of fly ash samples 
is requested per day during the extended testing period.  Approximately 20 ash samples 
will be analyzed for loss-on-ignition (LOI) and mercury. 

The hoppers identified for sampling should be emptied at about 0900 hours to 
allow enough time to collect a representative ash sample in the hoppers.  Ash sampling 
will then occur at approximately 1100 hours.  It may be necessary to allow for a longer 
collection time for samples drawn from the outer hoppers.  Following ash sampling, the 
ash removal system should be returned to its normal cycle until the next sampling event 
(usually the following day). 

Hoppers identified for sampling are shown in Figure 2 and detailed here.   

Row ESP A ESP B ESP C 
1 2A11 & 

2A10 
2B11 & 
2B10 

2C1-5  &  
2C2-4 

2 2A6 & 
2A7 

2B6 & 
2B7 

2C1-6 & 
2C2-3 

3 2A3 & 
2A2 

2B3 & 
2B2 

2C1-7 & 
2C2-2 

 

Operations personnel will collect each ½-1L fly ash sample in a separate, labeled 
1-L containers.  All sample bottles will be provided by ADA-ES.  A total of nine fly ash 
sample containers will be collected per sampling event.  ADA-ES will combine these as 
appropriate and store or ship them for analysis.   
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2A4 2A5 2A12 2B12 2B5 2B4

2A3 2A6 2A11 2B11 2B6 2B3

2A2 2A7 2A10 2B10 2B7 2B2

2A1 2A8 2A9 2B9 2B8 2B1

2C1-1 2C1-2 2C1-3 2C1-4

2C1-8 2C1-7 2C1-6 2C1-5

2C2-1 2C2-2 2C2-3 2C2-4

2C2-8 2C2-7 2C2-6 2C2-5

Gas Flow

To Stack

To StackTo Stack

ESP A ESP B

ESP C

 

Figure 2. Sketch of Labadie Unit 2 ESP Hoppers. 

Bottom Ash Sampling  
Bottom ash will be sampled at least twice during testing.  Specific dates will be 

including with a sampling schedule to be issued immediately prior to testing.  Bottom ash 
will be collected from the end of the transport line at the ash pond using a bucket.  
Samples will then be placed into a ½ gallon can.  ADA-ES will take custody of these 
samples for shipment and analysis. 

Coal and Ash Sampling Management Controls 
All bulk coal and ash samples will be collected by Labadie personnel.  ADA-ES 

will coordinate closely with Labadie operations personnel daily on this sampling, and 
will accompany the operator responsible for sample collection as needed.  Once the 
samples have been collected and labeled, they will be delivered to the ADA-ES trailer to 
be combined as appropriate, sealed and readied for shipment.   

Once 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 strict COC procedures will 
not be enforced (e.g., signatures to release sample custody, controlled access), all 
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pertinent information will be recorded.  The samples, along with a COC, will be shipped 
to the ADA-ES laboratory for tracking and either analyzed onsite or shipped to the 
appropriate laboratory (SGS/Frontier/Hawk Mountain) for further analysis.  All samples 
will be stored at ADA-ES’ laboratory for potential future analysis. 

3.2.2 Plant Operating Data 
The ADA-ES Site Manager will work closely with plant operators to monitor key 

plant operating parameters in real-time during testing.  In addition, ADA-ES requests unit 
operating data in electronic form on a fifteen-minute average basis.  The list of requested 
plant data is provided in Table 6.  As feasible, it is extremely useful to have plant 
operating data posted daily to the project team website. 

If at any time the performance of the existing pollution control equipment or 
outlet emissions exceed acceptable operating limits, testing will be halted.  Additionally, 
during all injection periods across the air pre-heater, the differential pressure will need to 
be closely monitored.  An acceptable limit will be discussed and agreed upon prior to 
beginning injection. 
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Table 6.  Unit operating parameters requested for 15- minute logging during 
Labadie 2 Sorbent Injection Testing. 

Parameter Unit(s) Note 
Load MW, gross and net  
Heat Rate Btu/MW-hr  
ID Fan  Amps Three monitored: A,B,C 
Boiler O2 %, wet  
Duct O2 %, wet A & B, each avg of 3 econ exit probes 
Mill Fuel Flow klb/hr Five monitored: A-F 
Boiler Air Flow %  
Main Steam Flow klb/hr  
AH Differential Pressure in Hg  
AH Gas Temperatures F Four points: A/B gas in and gas out 
AH Air Temperatures F Four points: A/B air in and air out 
SOFA position % Five levels: 1-5 
CCOFA position % Two levels: 1 & 2 
SO3 Injection Rate %, lb/hr Two points 
Sulfur burner DT F  
Main sootblower header 
steam flow 

klb/hr  

Ambient T F  
Barometric P in Hg  
Stack T, Flow, Velocity F, lb/hr, ft/s Three points 
NOx ppm, lb/MMBtu Two points 
SO2 ppm, lb/MMBtu Two points 
CO2 %, wet  
Opacity %, 6-minute  
TR Primary V, A 12 ea A & B; 16 C for each V & A 
TR Secondary kV, mA 12 ea A & B; 16 C for each V & A 
TR Spark Rate spark/min 12 ea A & B; 16 C 

 
Miscellaneous notes daily: 

• Equipment out of service 
• Equipment failures or upsets, note time and remedy 
• Fuel type fired and source (train or coal pile) 
• Sootblowing schedule 
• Water cannon schedule 

 

3.2.3 On-Site Measurements 
The primary extraction locations for the mercury CEMs will be between the 

Economizer and APH as well as in the Unit 2 stack at the 767’-0” Level.  The extraction 
port and probe length will be the same as during previous testing at Labadie.  This 
position is at a duct average temperature and velocity as measured during a velocity and 
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temperature traverse conducted in 2006.  Experience has shown that this should be 
representative of the duct average mercury concentration.  Additional extraction locations 
for periodic measurements will be located downstream of sorbent injection just upstream 
of the ESP to provide information on the in-flight mercury removal. 

Manual mercury concentrations will be measured by averaging four duplicate-
simultaneous runs of STMs (Sorbent Trap Method, a modified version of 40 CFR Part 75 
Appendix K – see appendix for description) at the APH inlet and ESP outlet locations.  
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 at the stack in accordance with EPA Method 5/202 will be conducted during 
baseline and extended testing.  A M5/202 traverse will be made across the existing 16 
ports at the APH outlet.  Five 6-hour test runs are scheduled.   

Limited data is available to characterize SO3 concentration and mercury removal.  
An indication of SO3 concentrations is the acid dewpoint temperature.  Acid dewpoint 
measurements will be made throughout the test program at Labadie using the Breen 
dewpoint analyzer.  A description of this device is included in the appendix.   

Subtask 3.3 Baseline Testing 

A 5-day baseline test will be conducted prior to the extended test period to 
conduct M5/202 measurements at the ESP inlet and the stack.  A BHA CPM 5000 
monitor will be installed at the stack to continuously monitor outlet particulate emissions.  
Stack opacity will also be monitored to determine changes in particulate emissions.   

Subtask 3.4 Parametric Testing 

Parametric tests will be conducted to assess the viability of using milled PAC to 
improve mercury removal, and using Trona to improve mercury removal by decreasing 
SO3 injection requirements.  The anticipated testing schedule is presented in Table 7.  
One day of milled PAC testing is scheduled.   

Four days of testing are scheduled to evaluate Trona injection as a method to 
reduce SO3 requirements.  During the first day, the SO3 injection system will be turned 
off with no Trona injection to record effects on ESP operating parameters and plant 
opacity.  The target test duration for the first day is at least 4 hours without SO3 injection.  
The SO3 injection system will be returned to service if ESP operation or opacity levels 
indicate the plant may exceed permitted opacity levels.  During the second day of testing, 
Trona will be injected at 355 lb/hr, which is nominally 0.5 to 1% of the incoming fly ash 
loading to the ESP (710,000 lb/hr coal at full load with approximately 5 to 10% ash in the 
coal, depending on the mine).  The SO3 injection rate will be slowly turned down to the 
minimum operating point of 30% and then turned off while ESP operation and plant 
opacity is monitored.  After at least 4 hours of testing, the Trona injection concentration 
will be increased to 1065 lb/hr (equivalent to 1.5 to 3% of the fly ash) for a minimum of 4 
more hours while ESP operation and opacity are closely monitored.  During the third day, 
Trona will be injected for at least 8 hours at a rate determined from the previous day’s 
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results.  The SO3 injection rate will also be determined from the previous day’s results.  
During the final day of testing, the SO3 and Trona injection rates will be set according to 
the previous day’s results.   

Table 7.  Tentative Summer Test Matrix, Labadie Unit 2 
Test 

Description 
Date Day Test 

Dur. 
(hrs) 

Inj Loc 
PAC 

(Trona) 

PAC Inj. 
Conc. 

(lb/MMacf) 

Trona Inj 
Rate 

(lb/hr) 

Special* 

Install 
Equip 

7/30 – 
8/17/07 

1-19      

Baseline 8/13-
8/17/07 

15-19   NA  STM, M5/202 

Trona 8/18/07 20 Min 4 
per 
rate*** 

(APH Out) 0 350, 1065,  
(~1% & 
3% of ash) 

w&w/o 
SO3** 

Trona 8/19/ 
8/20/07 

21 -
22 

6-8*** (APH Out) 0 TBD TBD SO3 

Trona + 
PAC 

8/21/07 23 Min 4 
per 
rate*** 

APH In 
(APH Out) 

3,5 TBD TBD SO3 

Test PAC 
Mill 
Injection 

8/22/07 24  APH In 3, 5   

DARCO 
Hg-LH 
Parametric 

8/23/07 25 8 APH In 3,5  TBD SO3 

Extended 8/27-
9/10/07 

29-43  APH In 5****  STM, M5/202 

* Acid dewpoint measurements will be conducted throughout testing with Breen probe 
** Start Trona with SO3 on and slowly turn SO3 down to 30% and then off 
***The SO3 injection system will be returned to service and Trona injection stopped at 
any time if ESP operation or opacity levels indicate the plant may exceed permitted 
opacity levels.   
****PAC milling will only be tested if one day test during parametric gives favorable 
results  

Load Requirements:  Constant, near full, 7am to 7 pm during testing 

Subtask 3.5 Long-Term Testing 

An “extended” 15-day continuous injection test will be conducted at the 
“optimum” settings as approved by both DOE and Ameren/Labadie.  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 initial operational data on removal efficiency over a 
short extended period to indicate the effects on the particulate control device, effects on 
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byproducts, and impacts to the balance of plant equipment to begin to evaluate the 
viability of the process and determine the process economics.  During extended and 
baseline testing, STM measurements will be conducted at the stack and M5/202 
measurements will be conducted at the ESP inlet and the stack.  A traverse will be 
performed at the inlet downstream of the APH at existing ports.  In addition to stack 
opacity measurements, a BHA CPM 5000 monitor will be installed into the B-ESP stack 
breach to continuously monitor outlet particulate emissions.   

It is also anticipated during this extended injection  period, the PAC will be milled 
onsite and immediately injected in series with the activated carbon injection equipment.  
PAC will be milled from a nominal size of ~17 μm to approximately 5 μm.  A description 
of the mill operation is included in the appendix. 
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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.   

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.  

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, 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 and mercury, chlorine, and sulfur 
levels will be determined for the coal samples.  The ash will be analyzed for mercury and 
other potential tests such as alkalinity, size distribution, chlorine, bromine, and metals 
such as selenium and arsenic.  A summary of the analyses to be performed is included in 
Table 8. 

Although previous tests from this program and others have shown that 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.   

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.  
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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 

EERC SGLP 
 

Measures leachable Hg at 18 hours, 
2 weeks, and 4 weeks.  Se, As and Br 
will also be measured. 

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. 

The ADA-ES program team 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. 

 

 



18 

Schedule 

The tentative schedule for activities at Labadie Power Plant is shown in Table 9.  
Equipment installation is scheduled to begin the end of May 2007.  Extended testing is 
scheduled for June 2007. 

Table 9.  Tentative Schedule for Labadie 
4Q06 1Q07 2Q07 3Q07 4Q07

Planning
Install Equipment
Field Testing
Data analysis
Coal and Byproduct Evaluation
Economic analysis
Site Report  
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Key Personnel 

Key personnel for testing at Labadie Plant are identified below in Table 10. 

Table 10.  Key Project Personnel for Labadie Plant Mercury Field Evaluation 

Name Company Role Phone # E-MAIL/Cell Phone 

Thomas Orscheln Ameren Supervising 
Engineer 

314-957-3238 TOrscheln@ameren.com 

Steve Wahlert Ameren Project Manager 314-957-3254 SWahlert@ameren.com 
Brian Griffen Ameren/ 

Labadie 
Plant Engineer 314-922-8233 BGriffen@ameren.com 

Sharon Sjostrom ADA-ES ADA-ES Project 
Manager 

303-339-8856 SharonS@adaes.com 
303-919-8538 

Marty Dillon ADA-ES ADA-ES Site 
Manager 

303-962-1933 MartyD@adaes.com 
720-384-6112 

Andrew O’Palko DOE/NETL DOE/NETL 
Project Manager 

304 285-4715 Andrew.OPalko@netl.doe.
gov 

Ramsay Chang EPRI EPRI Project 
Manager 

650-855-2535 RChang@epri.com 

 

Equipment Delivery 

All equipment will be shipped to Labadie.  Shipping will be coordinated through 
Brian Griffen. 

AmerenUE, Labadie Power Plant 
226 Labadie Power Plant Road 
Labadie, MO 63055-1344 
Attn: Brian Griffen (314) 922-8233 

 
Deliverables 

An informal report will be generated summarizing sorbent screening results, CEM 
operation and mercury measurements made during testing.  The report will be issued by 
mid-August.  A topical report will be issued during the last quarter of 2007 summarizing 
results from testing at Labadie. 
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Appendix 

Description of Thermo Mercury Freedom System™ 

Description of Sorbent Feed System 

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

Description of Breen Dewpoint Analyzer 

Description of a typical Jet Mill 
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 Description of Thermo Mercury Freedom System™ 
The Thermo Electron Mercury Freedom System™  CEM.  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 A-1, a 
schematic of the entire system, showing the key components and other supporting 
instrumentation.  Zero and span check will be conducted daily on the CEMs and 
calibrations will be conducted as required. 

• 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 A-1.  Thermo Electron Mercury Freedom System™. 

It is anticipated that the inlet mercury CEM (analyzer, calibrator and probe 
controller) will be located on the 584’ Gallery area.  This location was chosen due to 
lower temperatures, low dust levels and proximity to the sampling probe.  Placing 
temperature sensitive equipment at this location will require a 50’ heated sample line to 
reach the probe location which are located halfway between the 584’ and 565’ levels.  A 
temporary enclosure will be used to ensure adequate climate control.   
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 Description of Day Bin and Skid-Mounted Feed System 
The preferred option for feeding sorbent during 2007 sorbent injection tests at 

Labadie is a day bin with a feeder skid used in conjunction with a bulk trailer.  At an 
injection concentration of 5 lb/MMacf (650 lb/hr) during the long-term test, the day bin 
will hold 25 hours of material.  The bin can be filled by on-site personnel from a bulk 
trailer providing additional storage capacity.  This arrangement is more appropriate for 
testing at Labadie because space restrictions prevent installation of a full silo.  In 
addition, the day-bin arrangement does not require installing a substantial foundation 
structure to support the weight and wind loads.  This silo also allows for loading of 
bagged carbon via a hoist and monorail system mounted on top of the silo. 

A photograph of the proposed sorbent system is shown in Figure A-4.  Powdered 
activated carbon (PAC) is loaded from the bulk pneumatic truck into the silo, which is 
equipped with a bin vent bag filter.  From the discharge section of the day-bin, 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 24 feet 
high and 10 feet in diameter.  The silo can hold 10 tons of sorbent. 
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Figure A-4.  PAC Bulk Trailer, Storage Bin and Feeder Trains. 
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The sorbent injection lances used at Labadie are a single-hole design with two 
lances per port.  A sketch of the lance array is presented in Figure A-5.   

 

 

Figure A-5. Single-nozzle injection lance array as viewed from inside the duct.  Half 
of 24-lance injection grid shown. 
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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.  The method was proposed in the Utility Mercury Reduction Rule for 
application as either 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 these tests will be 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 the figure below, 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. 
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Gas Flow
             B Section                          A Section

~ 25 mm ~ 25 mm

Glass wool or foam

 
The sample train is fairly simple, as shown below.  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.   
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The STM directly measures mercury 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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Jet Mill System Description for Onisite Milling of Trona and Activated 
Carbon 
 

Introduction to Jet Milling  

Jet Milling is a unique method of using fluid energy to break solids into fine particles.  
When two or more objects collide with sufficient force, one or both of them breaks into 
smaller particles.  Raw feed material is exposed to jets of fluid in the mill.  The fluid, 
usually air or steam, is introduced through specially designed nozzles which convert 
potential energy into velocity or kinetic energy and circulates the material around the 
chamber of the mill.  As the particles are swept into the violent turbulence by these sonic 
or supersonic jet streams inter-particle collisions occur and the material is broken into 
smaller pieces.    

A jet or fluid energy mill generally has no moving parts.  Grinding is achieved by 
pressurized elastic fluids such as compressed air, superheated steam or other gases or 
vapors.  Essentially, a jet mill is a hollow chamber with fluid jets, a raw material inlet and 
an outlet for spent fluid which carries the finished product with it.  Most jet mills grind 
and classify simultaneously.  To affect this, the centrifugal force already present is put to 
use.  

In addition, jet mills produce micron and sub-micron products in a much narrower 
particle size distribution than can be obtained with other fine grinding equipment  

 

Figure A-6 Jet Mill Operational Graphic 
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APPENDIX B 
 

Carbon Injection and Delivery System 
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Carbon Injection and Delivery System 

Each Porta-PAC™ system has a footprint of approximately 5 feet by 5 feet and a 
height of roughly 16 feet.  Figure 1 is a photo of a Porta-PAC lifting a sack of carbon into 
place.  Each Porta-PAC unit is rated to hold bag quantities weighing no more than 1000 
pounds.  Both the Porta-PAC and ADA-ES’ portable silo systems are of similar design 
whereby sorbent is metered by variable speed screw feeders into eductors and delivered 
dilute phase into the flue gas.  For both systems regenerative blowers provide the conveying 
air to the eductor and motive energy for dilute phase delivery of the air-sorbent mixture to 
individual injection points.  Both systems use a programmable logic controller (PLC) system 
to control system operation and adjust injection rates.  During testing, sorbent feed system 
was configured to adjust feed based upon gross boiler load.  Since the flue gas flow at 
Labadie is nearly linear to gross boiler load, the injection systems’ PLC was able to correlate 
the sorbent injection concentration based upon variations in load. 

Figure 2 is a photograph of the portable ADA-ES system used at Labadie.  This 
system unit is 25 feet high and 10 feet in diameter with an empty weight of less than 8 tons.  
Since the silo is of limited size, it is paired with a pneumatic bulk trailer which is capable of 
receiving and storing normal deliveries (20 tons) of powdered activated carbon (PAC) from 
standard PAC vender delivery equipment.  The ADA-ES demonstration unit is capable of 
holding 10 tons of sorbent.  As additional sorbent is required, it is transferred from the paired 
pneumatic trailer.  Like the Porta-PAC the ADA-ES silo is also equipped with a bag loading 
system so sack quantities of sorbent can be easily loaded onsite.   

 
Figure 1.  Porta-PAC™ Lifting Super Sack of Carbon. 
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Figure 2.  ADA-ES Portable Demonstration Silo and Sorbent Storage Trailer. 

Mercury Monitoring System 
Description of Thermo Electron Mercury Freedom System™ 

A flow diagram of the Thermo Fisher Scientific Mercury Freedom System™ is 
shown in Figure 3. 

The Thermo Electron Mercury Freedom System™  CEM is comprised of three main 
system components, which are the sample extraction probe/converter, mercury analyzer, and 
the calibration module are described in the paragraphs that follow.  Two other modules that 
are shown in the sketch are the probe controller, which incorporates pressure regulators and 
temperature controllers for the probe and hot-line, and a zero gas generator for the dilution 
air that scrubs mercury from clean, dry compressed air. 
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Figure 3.  Thermo Electron Mercury Freedom System™. 

Two continuous emissions monitors for mercury were used to provide real-time 
feedback during the entire baseline, parametric and extended injection test program at 
Labadie. 

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), and used as the basis for EPA Draft Method 324 or M324, 
Appendix K of Title 40 CFR Part 75 under the title “Quality Assurance and Operating 
Procedures for Sorbent Trap Monitoring System,” and most recently EPA Method 30B.  For 
this report, this procedure will also be referred to as the Sorbent Trap Method (STM).  The 
Sorbent Trap Method involves inserting a glass tube filled with activated carbon into a gas 
stream and drawing a measured amount of gas across the carbon trap.  The paired traps can 
then be sent to a lab and analyzed for mercury.  The test program at Labadie included use of 
equipment manufactured by Apex Instruments, Environmental Supply Company (ESC), and 
a gas metering box designed by ADA-ES. 
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Particulate Monitors 
Prior to 2007 baseline testing a BHA CPM 5000 Series particulate monitor was 

installed in the Unit 2 B-ESP stack breach to characterize ESP outlet flue gas particulate 
emissions during baseline testing and sorbent injection.   

The CPM 5000 series monitor is an optical measurement device that measures 
particle flow across a beam of visible light.  The device is sensitive to particle size, and 
distribution characteristics.  A transmitter and receiver are placed across a duct.  When dust 
particles pass between the transmitter and receiver, as they momentarily interrupt the light 
causing the receiver to see a modulating signal from the transmitter.  The signal modulation 
is proportional to dust concentration.  Because the device does not measure mass directly, it 
requires calibration using an EPA Method 5 or 17 duct traverse test. Due to excessive 
vibration and problems with port alignment reliable measurements could not be obtained and 
the effort was abandoned.   

Breen AbSensor – SO3 Sulfuric Acid Dewpoint Measurement Device 
Breen Energy Solutions AbSensor is an SO3 dewpoint measurement system that 

operates on the principle of controlling a boundary level temperature between the flue gas 
and the tip of the probe sensor.  The probe module operates on the principle of a Breen 
patented technology which closely controls the cooling of condensate on the probe tip.  
Detection is accomplished by cooling an initially hot detector surface with a tightly 
controlled amount of cooling air.  Since the amount of cooling air is closely controlled and 
monitored, it is possible to allow continual feedback and monitoring of the formation of 
liquids at the probe tip.  Furthermore, the presence of a condensed liquid is determined by 
changes in the resistance between the probe electrodes.  When current is sensed through the 
probe tip, the formation (or kinetic dew-point) has been achieved. 

Once condensate has been detected, the cooling air is removed and the probe returns 
to the temperature of the surrounding flue gas.  As the probe begins to heat again, the amount 
of current is reported back to the control unit.  When the evaporation temperature of the 
liquid on the probe tip is reached, which is achieved when there is a rapid increase in the 
current on the probe surface, a cycle of the process is completed. 

This relationship is used to determine the vapor dewpoint.  This information is 
combined and compared to information with gas moisture levels using mathematical analysis 
to provide real time feedback.  The detection process consists programmable logic control 
module which controls all functions of the induct probe as well as perform the required 
mathematical computations.  (Commentary courtesy of http://www.breenes.com/so3.htm.) 

Despite these instruments being installed in four separate locations it was not possible 
to achieve any SO3 measurement readings in any of the four location annotated in Figure 3.  
Even when the system was installed just 10 to 15 feet downstream of the SO3 injection 
location, no dewpoint measurements were detected.  A possible reasons why the system was 
not able to detect SO3 at Labadie was because it was in an aerosol and not able to condense 
on the probe tip.  Another reason is the SO3 was already completely absorbed onto the fly ash 
and no excess was available for detection. 



 

Labadie Topical Report 108 
41986R26 

APPENDIX C 
 

Thermo Electron Mercury Freedom System™ 
CEM System Description 
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Thermo Electron Mercury Freedom System™  
CEM System Description 

Two continuous emissions monitors for mercury were used to provide real-time 
feedback during the entire baseline, parametric and extended injection test program at 
Labadie.  A flow diagram of the Thermo Fisher Scientific Mercury Freedom System™ is 
shown in Figure 1. 

The Thermo Electron Mercury Freedom System™  CEM is comprised of three main 
system components: sample extraction probe/converter, mercury analyzer, and the calibration 
module are described in the paragraphs that follow.  Two other modules that are shown in the 
sketch are the probe controller, which incorporates pressure regulators and temperature 
controllers for the probe and hot-line, and a zero gas generator for the dilution air that scrubs 
mercury from clean, dry compressed air.  A sketch of the inertial filter portion of the 
extraction probe is shown in Figure 2.  The inertial filter is used to separate a particulate-free 
vapor-phase sample while minimizing the interactions with fly ash, which can cause 
sampling artifacts.  Flue gas is drawn into the sampling probe using an eductor pump on the 
main probe loop.  The bulk of the flue gas is then exhausted back into the duct. 

A particulate-free sample is drawn from the sample port on the inertial sampling filter 
using a dilution eductor.  Compressed, clean, dry, mercury-free dilution air is delivered to the 
dilution eductor and a critical orifice is connected between the vacuum port on the eductor 
and the sample port on the inertial filter to maintain a fixed sample flow rate.  The sample is 
immediately diluted with pre-heated dilution air to minimize mercury reactions with other 
flue gas species.  The dilution ratio is typically between 25:1 and 100:1, depending on the 
size of the critical orifice.  A lower dilution ratio is appropriate for less reactive flue gas, such 
as gas produced when firing PRB coal, and a higher dilution ratio is typically preferred on 
wet or more reactive flue gas, such as downstream of a wet scrubber or when the CEM is 
used on a high sulfur coal flue gas.  The probe is heated and all of the internal surfaces that 
are exposed to sample gas have a glass coating to prevent unwanted chemical reactions with 
the mercury. 
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Figure 1.  Thermo Electron Mercury Freedom System™. 

 
Figure 2.  Mercury CEM Extraction Probe. 

Pneumatic Eductor

Axial Velocity
70 to 100 f/s

Radial Velocity
0.005 f/s

Sintered Metal Filter

Filter HousingVapor Spiking
Location

Flow Measurement

Glass coated wetted parts

Pneumatic Eductor

Axial Velocity
70 to 100 f/s

Radial Velocity
0.005 f/s

Sintered Metal Filter

Filter HousingVapor Spiking
Location

Flow Measurement

Glass coated wetted parts

Pneumatic Eductor

Axial Velocity
70 to 100 f/s

Radial Velocity
0.005 f/s

Sintered Metal Filter

Filter HousingVapor Spiking
Location

Flow Measurement

Glass coated wetted parts

Pneumatic Eductor

Axial Velocity
70 to 100 f/s

Radial Velocity
0.005 f/s

Sintered Metal Filter

Filter HousingVapor Spiking
Location

Flow Measurement

Glass coated wetted parts



 

Labadie Topical Report 111 
41986R26 

The converter module, located within the housing for the probe, converts oxidized 
mercury to elemental mercury for a total vapor phase mercury measurement.  A great deal of 
progress has been made on the design of the converter and overall system since September 
2004.  The proprietary design combines high temperature (>750 °F) and a chemical reaction 
to achieve the conversion.  Oxidized mercury can be scrubbed from a second sample stream 
to deliver only elemental mercury to the analyzer through the second sampling line when a 
speciated measurement is desired. 

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, has low moisture, it is relatively non-reactive and therefore it has minimal 
interference from other gases.  Because no moisture is removed from the sample, it is 
reported on a wet-basis. 

The calibrator 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.  This 
allows the user to monitor the operation of the analyzer through direct calibrations, buildup 
on the critical orifice that could result in changes in the dilution ratio, or particulate deposits 
on the filter that may scrub mercury.  The frequency of the cleaning blowback air is also 
controlled through the calibrator module.  Blowback air can be delivered between the critical 
orifice and the filter to clean the filter or upstream of the filter to clear any excess particulate 
that has deposited in the probe extension. 

The analyzers were connected to a common computer with specialized interface 
software.  This software served as the primary interface with the analyzers and also as a 
gateway for remote access to the analyzers for diagnostic support and data access. 
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APPENDIX D 
 

Vapor-Phase Mercury Emissions 
Using Sorbent Trap Method (STM) 
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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.  The method was proposed in the 
Utility Mercury Reduction Rule 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 
Labadie tests were 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 the figure below, 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
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The sample train is fairly simple, as shown below.  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. 

The STM directly measures mercury 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 E 
 

Sample and Data Management Plan 

 

 



Sample and Data Management Plan – AmerenUE, Labadie Power Plant
ADA-ES Project #:  03-7006-75                                  

DOE NATIONAL ENERGY TECHNOLOGY 
LABORATORY MERCURY FIELD EVALUATION 
Evaluation of Sorbent Injection for Mercury Control at AmerenUE’s 
Labadie Power Plant 

Final - Sample and Data Management Plan 

 
 

Prepared for: 
AmerenUE 
DOE NETL 
EPRI 
 

Prepared by: 
ADA Environmental Solutions, Inc. 
8100 SouthPark Way, Unit B 
Littleton, CO 80120 
 
 
 
 
 
 
 
 
November 1st, 2006 



Sample and Data Management Plan – AmerenUE, Labadie Power Plant
ADA-ES Project #:  03-7006-75                                  

Project Overview 
The objective of testing at AmerenUE’s Labadie Power Plant is to determine the cost and 

effects of sorbent injection for control of mercury in stack emissions.  Labadie Power Plant is 
located near Labadie, MO.  The project will evaluate the effects of sorbent injection on the 
electrostatic precipitators (ESP) and the effects of using SO3 for flue gas conditioning on mercury 
sorbent performance.  This evaluation will be conducted on the full 630 MW, Unit 2 flue gas 
stream. 

Sampling Locations 
Samples of various gaseous and solid process streams will be collected during the evaluation.  A 
sketch of the general arrangement of Labadie Unit 2 is shown in Figure 1.  A flow diagram with 
sampling locations identified is presented in Figure 2.  
 

 

Figure 1.  General arrangement sketch of Labadie Power Plant 
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Figure 2.  Labadie Power Plant 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 and each parametric test).  Collecting a 
representative sample is the primary objective of the sampling strategy and Quality Assurance 
Program Plan (QAPP).  Samples will be collected only under stable and normal operating conditions 
unless otherwise directed by ADA-ES personnel.  For a more detailed explanation of CEM and STM 
sampling procedures please refer to the Labadie Test Plan and Labadie Quality Assurance Program 
Plan. 

Sample Streams 
Coal Samples – Coal samples will be extracted from the slide gate inspection door on the D Silo.  A 
plant operator will extract the samples and place them into a Labeled 1-Liter bottle.  This location will 
require obtaining samples approximately 7 – 8 hours ahead of time (900/ feedrate (typically 124klb/ 
hr). ADA-ES personnel will take custody of the samples and composite them on site for shipment and 
analysis.  
 
Fly Ash – Fly ash will be sampled on a daily basis during baseline and extended testing periods.  Ash 
will not be sampled during parametric testing because the conditions are not held long enough for a 
bulk ash sample to accurately reflect parametric tests.   
 
The A and B ESPs have four hoppers across and three in the direction of flow.  The C ESP has four 
hoppers across and four in the direction of flow.   The Labadie Unit 2 Fly Ash Hopper Configuration 
is provided for below in Figure 3 for reference.  The first three rows of hoppers will be sampled, one 
hopper per row.  One set of fly ash samples are requested each day during baseline and extended 
testing.  Approximately 20 ash samples will be analyzed for loss-on-ignition (LOI) and mercury 
concentration. 
 
The hoppers identified for sampling should be emptied at about 0900 hours to allow sufficient time to 
collect a representative ash sample.  Ash sampling will then take place at approximately 1100 hours.  
It may take longer to collect samples from the outer rows.  Following ash sampling, the ash removal 
system should be returned to its normal cycle until the next sampling event (usually the following 
day). 
 
Hoppers identified for sampling are shown in Figure 3 and detailed here. 
 

Row ESP A ESP B ESP C 
1 2A11 2B11 2C1-5 
2 2A5 2B5 2C1-3 
3 2A3 2B3 2C1-7 

 
Operations personnel will collect each ½-1L fly ash sample in a separate, labeled 1-L containers.  
Containers will be provided by ADA-ES.  A total of nine fly ash samples will be collected per 
sampling event.  Following sampling, samples should be turned over to onsite ADA-ES personnel to 
facilitate processing for shipment and storage.   
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Figure 3.  Sketch of Labadie Unit 2 ESP Hoppers. 
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Bottom Ash -Bottom ash will be sampled twice during testing, although timing is not critical, it is 
requested that samples be taken on November 14th and December 14th.  Bottom ash can be sampled at 
the end of the transport line using a bucket.  During the duration of testing, two ½ gallon bottom ash 
samples are requested.  ADA-ES will take custody of these samples for shipment and analysis. 
 
Table 1.  Labadie Sampling Schedule 
Sample Type Location Size Collection Days 

 

Coal 
 Grab sample from slide gate 

inspection door on D Silo 
(3x Daily @ 05:30, 13:30 & 23:30) 

1 @ 500 cc 11/13-11/21, 11/28 - 12/15/06 

Bottom Ash Ash Pond 500 cc 11/14,12/14/06 
ESP 2A11 A ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
ESP 2B11 B ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
ESP 2C1-5 C ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
ESP 2A5 A ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
ESP 2B5 B ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 

ESP 2C1-3 C ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
ESP 2A3 A ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
ESP 2B3 B ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 

ESP 2C1-7 C ESP Hopper 500 cc 11/13 - 11/16, 12/11 - 12/15/06 
 

Sample Management Strategy 
All bulk coal and ash samples will be collected by Labadie personnel.  ADA-ES will coordinate 
closely with Labadie operations personnel daily on this sampling, and will be available to accompany 
the operator responsible for sample collection as needed.  Once the samples have been collected, they 
will be delivered to the ADA-ES trailer to be combined as appropriate, sealed, labeled.   
 
Once samples have been sealed and labeled, ADA-ES will generate a Chain-of Custody (COC) form 
to be delivered with each shipment of samples.  The COC will be used to track and identify samples.  
Although ADA-ES strict COC procedures will not be enforced (e.g., signatures to release sample 
custody, controlled access), all pertinent information will be recorded.  The samples, along with a 
COC, will be shipped to the ADA-ES laboratory for tracking and either analyzed onsite or shipped to 
the appropriate laboratory (SGS/Frontier/Hawk Mountain) for further analysis.  All remaining samples 
will be stored by ADA-ES’ laboratory for potential future analysis. 
 
The ADA-ES site manager will deliver a sampling schedule, which shows the sampling times, 
volume, and specific samples to collect during each test day or test period.  A sample management 
flow chart is shown in Figure 4.  
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Figure 4.  Sample Management Flowchart 
 
 

Sample Analysis  
Although previous results have shown that the mercury byproducts are extremely stable, it is 
important to continue evaluating these byproducts for each condition using well established, as well as 
new techniques specifically designed for this field of study.  Additional ash samples will be collected 



Sample and Data Management Plan – AmerenUE, Labadie Power Plant
ADA-ES Project #:  03-7006-75                                  

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 AmerenUE 
and DOE. 
 
Solid and liquid samples will be collected and analyzed according to the methods as prescribed in 
Table 2 and Table 3.  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).   
 
The final series of tests in Table 2 are reserved if it is determined additional analyses are needed to 
gain 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.  
 

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 

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 

 
 
Once the laboratory testing is complete, results will be logged into the ADA-ES Sample and Data 
Management System (SDMS).  A report will be generated summarizing results from the sample 
analyses. 
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Table 3.  Analytical Matrix 

 

Flue Gas Samples 
Flue gas measurements will be performed at the locations indicated in Figures 1 and 2.  Flue gas 
composition will be determined by manual sampling (during the Baseline and Extended Tests), the 
sorbent trap method (STM or modified 40 CFR, pt. 75 app. K) and with continuous Hg analyzers.   
 
Manual Sampling includes: 

 
EPA M324 (STM aka modified 40 CFR, pt. 75 app. K (Mercury))  
EPA M5 or 17 (Particulate),  
EPA M26A (Halogens) 1 

 

Note 1: M26A will only be performed if KNX coal additive or brominated activated carbon is used during the 5 
day extended injection period. 

 

Sample Sample/Type Analytical Method 
Hg ASTM D6414-99 or 01 
Cl Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry) 
F TBD 
Ultimate Analysis  
Proximate Analysis  

Coal  

Trace Metals  
Hg ASTM D6414-99 or 01 
Cl Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry) 
Moisture  
LOI / Carbon Content ASTM C311-04 
Leaching TCLP, SW846-1311, SGLP 
Trace Metals  

Ash 

Halogens ? 



 

Labadie Topical Report 128 
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APPENDIX F 
 

Explosivity Test Results
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EXECUTIVE SUMMARY 
 

Air Sampling Associates, Inc. of Lewisville, Texas conducted testing on the Ameren UE, 

Labadie Power Plant, located near Labadie, Missouri.  The testing was performed to 

determine the amount of particulate matter being emitted to the atmosphere via the Unit 

No. 2 Stack. The flow rates at the A Inlet Duct and at the B Inlet Duct were also 

measured.  The testing was conducted on November 13, 14, and 15, 2006.  

 

The sampling team consisted of Mr. Gary Goldman and Mr. Scot Jackson.  Mr. 

Goldman was the test team leader. 

 

The sampling followed the procedures set forth in the Code of Federal Regulations, Title 

40, Part 60 (40CFR60), Appendix A, Test Methods 1, 2, 3, 4, 5B, and 202. 

  

The average emission rate of particulate matter for the three tests from the Labadie Unit 

No. 2 Stack was equal to 0.025 lbs/mmBtu - Front Half.  The average emission rate of 

particulate matter from the Labadie Unit No. 2 Stack was equal to 0.031 lbs/mmBtu - 

Total. 

 

The measured flow rate at the A Inlet Duct was 555,918 dry standard cubic feet per 

minute (DSCFM). The measured flow rate at the B Inlet Duct was 563,654 dry standard 

cubic feet per minute (DSCFM). 

 

 

 

 

 

_______________________________ 
Billy J. Mullins, Jr. P.E., Q.E.P., D.E.E.  
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SUMMARY OF RESULTS 

Table 1: Summary of Sampling Results 
 

Labadie Unit No. 2 Stack 
 

  
 
Run No. 

 
1 

 
2 

 
3 

 
Average 

Test Date 11/14/06 11/14/06 11/14/06 ----- 
Test Time 0832-1043 1133-1345 1426-1636 ----- 
Flow Rate – DSCFM 1,324,664 1,342,995 1,332,875 1,333,511 
Stack Temperature - ˚F 315 317 316 316 
O2 – % Volume dry 5.5 5.5 5.2 5.4 
CO2 – % Volume dry 12.3 12.3 13.3 12.6 
Percent Excess Air 33.8 33.8 31.7 33.1 
Moisture Content - % 12.07 12.33 12.39 12.26 
Percent Isokinetic 99.7 100.5 100.2 100.1 
Particulate Matter 

- gr/dscf (Front Half) 
- lbs/mmBtu (Front Half)* 
- lbs/hr (Front Half) 

 
0.0139 
0.026 
157.87 

0.0130 
0.025 

150.10 

0.0121 
0.023 
138.22 

0.0130 
0.025 

148.73 
Particulate Matter 

- lbs/hr (Organic Back Half) 
- lbs/hr (Inorganic Back Half) 

3.83 
23.20 

5.58 
36.41 

6.72 
31.59 

5.38 
30.40 

Particulate Matter 
- gr/dscf (Total) 
- lbs/mmBtu (Total)* 
- lbs/hr (Total) 

0.0163 
0.031 
184.90 

0.0167 
0.032 

192.10 

0.0155 
0.029 
176.53 

0.0162 
0.031 

184.51 
 

* Calculated using an Fd Factor of 9,780 
 



 

06-064 - 3 -  

SUMMARY OF RESULTS 

Table 2: Summary of Sampling Results 
 

Labadie Unit No. 2 Inlet Ducts 
 
  

 
Run No. 

 
A Inlet 
Duct 

 
B Inlet 
Duct 

Test Date 11/15/06 11/15/06 
Test Time 1401-1431 1401-1431 
Flow Rate – DSCFM 555,918 563,654 
Stack Temperature - ˚F 756 728 
O2 – % Volume dry 3.8 3.8 
CO2 – % Volume dry 15.4 15.4 
Percent Excess Air 21.6 21.6 
Moisture Content - % 14.71 14.71 
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DISCUSSION OF SAMPLING RESULTS 
 

The three tests for particulate matter appeared to be valid representations of the actual 

emissions during the tests.  All leak checks performed on the sampling train and the 

pitot tubes indicated no leaks before or after each test.  The indicative parameters 

calculated from the field data were in reasonable agreement.  The measured moisture 

contents for the three tests were within 1.58% of the mean value. The measured flow 

rates (DSCFM) for the three tests were within 0.71% of the mean value.  The rates of 

sampling for the three tests were within the specified limits (90 to 110 percent 

isokinetic).  The greatest deviation from 100% isokinetic was 0.5%. 

 

The calculated emissions (lbs/mmBtu-Front Half) of particulate matter for the three tests 

indicated a range of -6.76% to +5.41% deviation from the mean value. 
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DESCRIPTION OF SAMPLING LOCATION 
 
The sampling ports on the Labadie Unit No. 2 Stack are approximately 281 feet above 

the ground. The sampling ports are located 161 feet (7.85 stack diameters) downstream 

from the inlet to the stack and 419 feet (20.44 stack diameters) upstream from the outlet 

to the stack. 

 

The sampling ports on the A Inlet Duct and the B Inlet Duct are located in transitional 

areas of the ducts. 
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SAMPLING LOCATION 
 

Figure 1: Labadie Unit No. 2 Stack  
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SAMPLING LOCATION 
 

Figure 2: Labadie Unit No. 2 Inlet Duct A 
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SAMPLING LOCATION 
 

Figure 3: Labadie Unit No. 2 Inlet Duct B 
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SAMPLING AND ANALYTICAL PROCEDURES 
 

The sampling followed the procedures set forth in 40CFR60, Appendix A, Test Methods 

1, 2, 3, 4, 5B, and 202. 

 

Three traverse points were sampled from each of the four ports on the Labadie Unit No. 

2 Stack for a total of twelve traverse points.  All traverse points were checked for 

cyclonic flow and none was found to be present.  For each run, samples of ten minute 

duration were taken at each of the twelve traverse points for a total sampling time of 

120 minutes.  Data was recorded at five-minute intervals. 

 

The pitot tube lines were checked for leaks before and after each test under a vacuum 

and a pressure.  The lines were also checked for clearance and the manometer was 

zeroed before each test. 

 

The sampling train was leak checked at the end of the sampling probe at 15" of mercury 

vacuum before each test, and again at the conclusion of each test at the highest 

vacuum recorded during sampling.  This was done to predetermine the possibility of a 

diluted sample. 

 

The “front-half” of the sampling train contained the following components: 

Stainless steel nozzle 
Heated glass lined probe@ 320°F ± 25°F 
Heated glass fiber filter @ 320°F ± 25°F 
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The “back-half” of the sampling train contained the following components: 

 

Table 3: Reference Method 5B and 202 Sampling Train 
 

 
Impinger No. 

Impinger 
Type 

Impinger 
Contents 

 
Amount 

Parameter 
Collected 

1 Modified H.P.L.C. H2O 100 ml H2O 

2 Greenburg-Smith H.P.L.C. H2O 100 ml H2O 

3 Modified Empty ----- H2O 

4 Modified 6% H2O2 200 ml H2O 

5 Modified Silica Gel 250 g H2O 

     
 

At the completion of each run, the “back-half” of the sampling train was purged with 

nitrogen for 60 minutes at a rate of 20 liters per minute. 
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Figure 4: EPA Methods 1, 2, 3, 4, 5B, and 202 Sampling Train 
 



 

06-064 - 12 -  

TEST NARRATIVE 
 

Personnel from Air Sampling Associates, Inc. arrived at the Ameren UE, Labadie Power 

Plant, located near Labadie, Missouri at 8:00 a.m., on Monday, November 13, 2006.  

After attending the safety orientation, the sampling equipment was moved onto the Unit 

No. 2 Stack and the preliminary data was collected.  Personnel departed the plant at 

6:15 p.m. 

 

On Tuesday, November 14, 2006, personnel returned to the plant at 6:30 a.m.   The 

equipment was prepared for testing.  The first test for particulate matter began at 8:32 

a.m.  Testing continued until the completion of the third test at 4:36 p.m. The samples 

were recovered and the equipment was moved off of the stack and loaded into the 

sampling trailer.  Personnel departed the plant at 9:30 p.m. 

 

Personnel returned to the plant at 8:00 a.m. on Wednesday, November 15, 2006.  The 

sampling equipment was moved onto the A Inlet Duct and the B Inlet Duct to the Air 

Pre-heater on Boiler No. 2 and prepared for testing.  A velocity and temperature 

traverse was taken on the B Inlet Duct from 12:30 p.m. until 1:45 p.m.  A velocity and 

temperature traverse was taken on the A Inlet Duct from 1:50 p.m. until 3:00 p.m.  

 

The sampling equipment was moved off the inlet ducts and loaded into the sampling 

trailer.  The data and samples were transported to Air Sampling Associates, Inc.’s office 

in Lewisville, Texas for further review and analysis.  

 

Operations for ADA-ES at the Ameren UE, Labadie Power Plant, Boiler No. 2, located 

near Labadie, Missouri, were completed at 5:30 p.m., on Wednesday, November 15, 

2006. 
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APPENDICES 
 
 
 Appendix A: Location of Traverse Points 
 Appendix B: Nomenclature and Equations for Calculation of Source 
  Emissions 
 Appendix C: Calibration Data 
 Appendix D: Field Data 
 Appendix E: Analytical Data 
 Appendix F: Chain of Custodies 
                    Appendix G: Resumes of Test Personnel 
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Appendix A: 
 

Location of Traverse Points 
Labadie Unit No. 2 Stack  

 
The sampling ports are located 161 feet (7.85 stack diameters) downstream from the 

inlet to the stack and 419 feet (20.44 stack diameters) upstream from the outlet to the 

stack. The locations of the traverse points were calculated as follows: 

 

Table 4:  Location of Traverse Points Labadie Unit No. 2 Stack 
 

Port & Wall Thickness = 6 1/2 inches 

Inside Stack Diameter = 246 inches   

Point 
Number* 

Percent of 
Stack Diameter 

Distance 
from Wall 

1 4.4       10 13/16" 
2 14.6 35 7/16" 
3 29.6               68 1/2" ** 
* Calculated as 1/2 of a six point traverse. 

** Maximum Reach Due to Exterior Wall. 
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Appendix A: 
 

 Figure 5: Location of Traverse Points  
Labadie Unit No. 2 Stack  
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Appendix A: 
 

Location of Traverse Points 
Labadie Unit No. 2 Inlet Duct A  

 
The sampling ports are located in a transitional area of the duct. The locations of the 

traverse points were calculated as follows: 

 

Figure 6:  Location of Traverse Points Labadie Unit No. 2 Inlet Duct A 
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Appendix A: 
 

Location of Traverse Points 
Labadie Unit No. 2 Inlet Duct B  

 
The sampling ports are located in a transitional area of the duct. The locations of the 

traverse points were calculated as follows: 

 

Figure 7:  Location of Traverse Points Labadie Unit No. 2 Inlet Duct B 
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Nomenclature For Flow Rate and Moisture Calculations 
 

  English Metric    
 Symbol Units Units Description 

 As in.2 m2 Stack Area 

 Can gr/dscf* g/dscm* Particulate – probe, cyclone,  
    and filter 

 Cao gr/dscf* g/dscm* Particulate –total 

 Cat gr/CF @ g/m3 Particulate – probe, cyclone, 
  stack conditions  and filter 

 Cau gr/CF @ g/m3 Particulate – total 
  stack conditions 

 Caw lbs/hr kg/hr Particulate – probe, cyclone, 
    and filter 

 Cax lbs/hr kg/hr Particulate - total   

 Cp   Pitot Tube Calibration Factor 

 Dn in. m Sampling Nozzle Diameter 

 %EA   Percent Excess Air at  
    Sampling Point 

 g 32.2 ft/sec2  Acceleration of gravity 
 %I   Percent Isokinetic   

 %M   Percent Moisture in the Stack  
    Gas by Volume 

 Md   Mole Fraction of Dry Gas 

 mf mg mg Particulate – probe, cyclone, 
    and filter 

 mt mg mg Particulate – total 

 Mwater 18 lb/lb-mole  Molecular Weight of Water 

 MW lb/lb-mole g/g-mole Molecular Weight of Stack 
    Gas  

 MWair 28.84 lb/lb-mole  Molecular Weight of Air 
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  English Metric    
 Symbol Units Units  Description 

 MWd lb/lb-mole g/g-mole Molecular Weight of Dry Stack  
    Gas 

 Pb "Hg Absolute mm Hg Barometric Pressure 

 Pm "H2O mm H2O Orifice Pressure drop 

 Ps "Hg Absolute mm Hg Stack Pressure 

 ∆P "H2O mm H2O Velocity Head of Stack Gas 

 Pstd 29.92" Hg 760 mm Hg Standard Barometric Pressure 

 Qa ACFM m3/hr Stack Gas Volume at Actual  
    Stack Conditions 

 Qs DSCFM* dscm/hr* Stack Gas Volume at 29.92"  
    Hg, 528° R, dry 

 R 21.83" Hg-  Universal Gas Constant 
  ft3/lb-mole °R 

 Tm °F °C Average Gas Meter  
    Temperature 

 Tt min min Net Time of Test 

 Ts °F °C Stack Temperature 

 Tstd 528 °R 293 °K Standard Temperature 

 Vm ft3 m3 Volume of Dry Gas Sampled  
    @ Meter Conditions 

 Vmstd dscf* dscm* Volume of Dry Gas Sampled 
    @ Standard Conditions 

 Vs fpm m/sec Stack Velocity @ Stack 
    Conditions  

 Vw ml ml Total Water Collected in  
    Impingers and Silica Gel 

 Vwgas scf* scm* Volume of Water Vapor  
    Collected @ Standard  
    Conditions 

 ρair 0.0748 lbs/ft3  Density of Air 
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  English Metric    
 Symbol Units Units  Description 

 ρwater 1 g/ml  Density of Water 

 ρman 62.32 lbs/ft3  Density of Manometer Oil 

(Inches of Water) 

Standard Conditions: 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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Example Calculations 
 

1.   Volume of dry gas sampled at standard conditions. * 
 

 

dscm = 0.028317 x dscf = V
  
  

dscf = 
460 + T
13.6
P + P

   V17.65 = V

  
  

P
13.6
P + P

  
460 + T

T   V= V

m

m

m
b

mm

std

m
b

m

std
mm

std

std

std

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

 

 
2. Volume of water vapor collected at standard conditions. * 
 

 

scm = 0.028317 x scf = V
  
  

scf = S)Hgms -  SOgms -  V(0.0472  = V
  
  

453.6 M P
RT  S)Hgms -  SOgms -  V( = V

w

22ww

waterstd

stdwater22w
w

gas

gas

gas

ρ

 

 
3. Percent moisture in stack gas. 
 

 % =100  x 
V + V

V =  %M
wm

w

gasstd

gas  

 
 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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4.   Mole fraction of dry gas. 
 

 
100

%M- 100  = Md  

5. Average molecular weight of dry stack gas. 

 
mole-g/g = 

  

mole-lb/lb = 
100
28 x %CO+

100
28 x N%+

100
32 x O%+

100
44 x CO% = MW 222d ⎥⎦

⎤
⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

 

6. Molecular weight of stack gas. 

 mole-g/g = 
mole-lb
lb = )M-(118  + M x MW = MW ddd  

7. Percent excess air at sampling point. 

 
%CO)] 0.5(-  O[%-  )N(% 0.265

%CO)] 0.5(-  O[%100  = %EA
22

2  

8. Stack Pressure. 

 

Hg mm = 25.4 x Abs. Hg" = P
  
  

Absolute Hg" = 
13.6

OH" Pressure Stack + P = P

s

2
bs

 

9. Stack velocity at stack conditions. 

 

m/sec = 0.00508 x fpm = V
  
  

fpm = average P∆
MW x P
460) + T( C 5,123.8 = V

  
  

  T x MW x P x ρ x 12
P x ∆460) + T( x MW x P x ρ x 2g

 60 C = V

s

s

s
 

ps

stdsair

sairstdman

1/2 

ps

1/2

⎥
⎦

⎤
⎢
⎣

⎡

⎥
⎦

⎤
⎢
⎣

⎡

 



 

06-064 B-7 

10. Dry stack gas volume at standard conditions. * 

 

 

dscm/hr = 1.6990 x DSCFM = Q
  

DSCFM = 
460 + T

P x M x A x V 0.123 = Q

    
P
P x 

460 + T
T x M x A x V 144

1 = Q

s

s

sdss
s

std

s

s

std
dsss

 

 

11. Actual stack gas volume at stack conditions. 

 

 

/hrm = 1.6990 x ACFM = Q
  
  

ACFM = 
144

A x V = Q

3
a

ss
a

 

 
 

12. Percent Isokinetic 
 

 

2
nstsd

sm

2
n

stsstdd

22
stdsm

D x  x VT x P x M
460)  (T x  x V1039  %I

4
D x   x VT x P x T x M

.144 x 100 x P x 460)  (T x V  %I

std

std

+
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Π
+

=
ftin

 

 
 
 
 
 
 
*29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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 13. Particulate – Probe, cyclone, and filter. 
 

*g/dscm  2.290 x gr/dscf  C

*gr/dscf 
V
mf x 0.0154 

mg 64.8
gr 1 

V
m  C

an

m

m

f
an

std

std

==

=

=

anC

x

 

 
14. Particulate total. 
 

 
*g/dscm  2.290 x gr/dscf  C

*/
V
m x 0.0154  C

ao

m

t
ao

std

==

== dscfgr

 

 
15. Particulate – probe, cyclone, and filter at stack conditions. 
 

 

3
at

an
at

d
s

std

std

s
anat

g/m  2.290 x gr/CF  C

gr/CF  
460Tx 

Md x Ps x C x 17.65  C

M x 
460)  (T

)(T x 
P
P x C  C

==

=
+

=

+
=

   

 
16. Particulate – total, at stack conditions. 
 

 
3

au

s
dsaoau

g/m  2.290 x gr/CF  C

gr/CF 460  T
M x P x C x 17.65  C

==

=+=

 

 
 
 
 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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Emission Rate Calculations 
 
 
 

( )%O - 20.9

20.9 x  F x 
7,000

gr/dscf 
  lbs/mmBtu 

2

d

=  

 
 

Fd = Oxygen based F factor 
 

 Fuel Fd factor 
 Coal 9,780 dscf*/mmBtu 
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Appendix C: 

Calibration Data 
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Appendix C 
 

Table 5: Calibration Data 
 
Pre-test Calibrations: 

Equipment Calibration Factor Calibration Date 
Dry Gas Meter 1-1 0.985 09/19/06 
Digital Temperature Indicator 1-1  09/19/06 
Dry Gas Meter 1-1 Orifice  09/19/06 
   
Pitot Tube 1-4 0.824 11/06/06 
   
Nozzle 1-2 0.172 01/24/06 
   
Barometer 1 NIST Traceable   11/09/06 

   

 
Post-test Calibrations: 

Equipment Calibration Factor Calibration Date 
Dry Gas Meter 1-1 0.993 11/17/06 
   
Pitot Tube 1-4 0.821 11/17/06 
   
Nozzle 1-2 0.173 11/17/06 
   
Barometer 1 NIST Traceable   11/17/06 
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Post-Test Calibration Data 
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Appendix D:  

Field Data 
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Appendix E:  

Analytical Data 
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ADA-ES 
Labadie, MO 

202 – Back Half Particulate Analyses 
 

 
 

Run No. 

 
 

MeCl 

MeCl 
Blank 

Correction 

 
DI 

Water 

DI Water 
Blank 

Correction

 
Less 

Chlorides

 
Less 

Sulfates 

 
 

Total 
1 1.7 1.7 21.3 15.5 0.3 4.9 12.0 

2 2.5 2.5 29.1 23.3 0.3 6.7 18.8 

3 3.0 3.0 27.9 22.3 0.3 7.9 17.1 

Blank 0  4.7     
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Appendix F:  

Chain of Custodies 













 

06-064 G-1 

 
 
 
 
 
 
 
 

Appendix G: 

Resumes of Test Personnel 
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BILLY J. MULLINS, JR.; President 
 
 
Education Post Graduate Study Environmental Engineering at Southern 

Methodist University; Dallas, Texas 1970. 
 
 M.S. 1969, New York University; New York, New York, in Civil 

Engineering (Air Resources). 
 
 B.S. 1968, Texas Tech University; Lubbock, Texas, in Civil 

Engineering (Water Resources). Studies in Engineering at the U.S. 
Naval Academy; Annapolis, Maryland, 1963-1964 

 
 
Professional Attended Short Course on Air Pollution Engineering at the University 
Training of Texas at Austin, February 1970. 
Courses 
 Attended four-week management course presented by the American 

Management Association, 1976. 
 
 
Certification Registered Professional Engineer 
 Certified Visible Emissions Evaluator 
 Licensed Private Pilot (Multi-Engine-Land, Instrument) 
 Diplomat in the American Academy of Environmental Engineers 
 Inductee into the Stack Sampling Hall of Fame 
 Certified as Qualified Environmental Professional (QEP) 
 
 
Professional Air & Waste Management Association – Past Chairman, Past Vice  
Memberships Chairman, and Past Board of Directors of North Texas Chapter and 

Southwest Section; Past Chairman, Consultants Committee; Past 
Chairman, Source Measurement Committee 

 
 Source Evaluations Society – Past President, Past Board of 

Directors 
 
 American Management Association 
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MULLINS (p. 2) 
 
 
Publications Authored “Real World Experience with USEPA’s New Sampling and 

Analytical Methods for Conducting Risk Burn,”  May 1998. 
 
 Co-authored “Sulfur Compound Emissions of the Petroleum 

Production Industry,” December 1974. 
 
 Co-authored “Field Procedure for Stabilizing Hydrogen Sulfide 

Samples to be Analyzed Using Modified Methylene Blue Technique,” 
presented at the Conference on Ambient Air Quality Measurements, 
Austin, Texas, March 1975. 

 
 Co-authored “Atmospheric Emissions Survey of the Sour Gas 

Industry,” November 1975. 
 
 Co-authored “Technique for Insuring the Validity of Samples for High 

Concentrations of Sulfur Dioxide Using the EPA Method 5 Sampling 
Train,” presented at the Third National Conference on Energy and 
the Environment, College Corner, Ohio, September 1975. 

 
 
Teaching Conducted training seminars on sampling methods periodically since  
Experience 1974 to present. 
 
 Conducted a one-day seminar on Part 75 Testing over ten times in 

1993 and 1994. 
 
 Served as a lecturer in the Environmental Protection Agency’s (EPA) 

training course number 450, “Source Sampling for Particulate 
Pollutants,” for two years from January 1974 to November 1975 and 
March, 1992. 

 
 Conducted a two-day training course entitled “technical Assistance in 

Source Sampling” at Iowa State University, Ames, Iowa, for the 
Environmental Protection Agency (EPA), November 1974. 

 
 Conducted Environmental Protection Agency’s (EPA) training course 

number 450, “Source Sampling for  Particulate Pollutants,” at 
Research Triangle Park, North Carolina, September 1975. 
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MULLINS (p. 3) 
 
 
Teaching Conducted a two-day short course entitled “Performing and 
Experience Observing Source Sampling,” Dallas, Texas, July 1976, May 1977,  
 (Cont’d) November 1977, November 1987 and November 1988; Lake 

Charles, Louisiana, May 1977; Casper Wyoming, May 1977; Point 
Comfort, Texas, November 1992. 

 
 Served as a lecturer in the Environmental Protection Agency’s two-

day seminar entitled “Asphalt Industry Environmental Solutions,” 
presented in Dallas, Texas, March 21-22, 1979. 

 
 Conducted a two-day short course entitled “Performing and 

Observing Source Sampling,” Phoenix, Arizona, August, 1990, for the 
State of Arizona, Department of Environmental Quality; Lincoln, 
Nebraska, March 1980, for the State of Nebraska, Air Quality Control 
Division. 

 
 
Technical Directed and performed stack sampling on over 2000 sources of  
Experience which over 500 were sampled simultaneously using more than one 

sampling train at several points in the flue gas stream; 1972-present. 
 
 Directed and performed over 200 short-term ambient air studies 

using mobile sampling vans and various ambient air sampling 
equipment; 1972-present. 

 
 Designed, directed and operated over 20 permanent ambient air 

networks of various size and duration for a variety of parameters; 
1972-present. 

 
 Designed surface and underground drainage systems for residential 

subdivisions, public works projects, and shopping centers; 1969-
1972. 

 
 Designed several residential subdivisions including lot layout, street 

design, drainage design, and utility design; 1969-1972. 
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MULLINS (p. 4) 
 
  
 
Research Supervised and conducted a study made by the Hawaiian Sugar  
Projects Planters’ Association to characterize the emissions for several 

bagasse-fired boilers, April-May 1976. 
 
 Supervised and conducted a study made by the Rio Grande Valley 

Sugar Growers, Inc. to determine the area affected by the burning of 
sugarcane fields prior to harvesting, November 1974-April 1975. 

 
 Supervised and conducted a study by a lightweight aggregate 

manufacturer to develop a material balance around the process 
through sampling and analysis of several parameters, November 
1973. 

 
 Conducted a study in New York City to attempt to develop a 

correlation in the ambient air between carbon dioxide and sulfur 
dioxide to provide a tool for predicting air pollution predicting air 
pollution episodes, January-May 1969. 

 
Related Served as Chairman of the Engineering Foundation Conference on  
Projects Stack Sampling and Source Evaluation in Destin, Florida, 2002, and 

Santa Barbara, California, 1985. 
 
 Served as Co-Chairman of the Engineering Foundation Conference 

on Stack Sampling and Source Evaluation in Destin, Florida, 2001. 
 
 Served as Session Chairman at the Engineering Foundation 

Conference on Stack Sampling and Source Evaluation in Hershey, 
Pennsylvania, 1984; San Diego, California, 1993; and in Palm Coast, 
Florida, 1994. 
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GARY B. GOLDMAN; Associate 
 
 
Education B.S. 1993, University of Texas at Arlington; Arlington, Texas, in 

Geology. 
  
 
Certification Certified Visible Emissions Evaluator 
 
 
Professional Source Evaluation Society 
Memberships  
 
 
Technical Senior Emissions Evaluator with the Texas Commission on 
Experience  Environmental Quality, responsible for oversight of all source testing 

activities within the State of Texas, Region 4, which encompasses 19 
counties in the North Texas region, 1999-2005. 

 
 Participated in the sampling of over 750 sources, including several of  
 which were sampled simultaneously utilizing more than one sampling 

train, 1994-1999. 
 
 Thoroughly trained in all EPA testing procedures specified in Title 40 

of the Code of Federal Regulations, Part 60. 
  
 Thoroughly trained in Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, 0010 Through 0100 Series. 
  
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experienced in the analysis of commercial calibration gas cylinders 

for NOx, SO2, CO2, and O2. 
 

Experienced with calibration techniques for all field testing 
equipment. 

 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 Anarad Model AR50-C Carbon Dioxide Analyzer 
 Anarad Model AR880 Oxides of Nitrogen Analyzer 
 Anarad Model AR23 Oxygen Analyzer 
 Anarad Model AR30C2 Sulfur Dioxide Analyzer  
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 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Teledyne Model 326 Oxygen Analyzer  
 Thermo Environmental Model 10AR/S Oxides of Nitrogen Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
 
 
Professional Attended 40-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1993. 
 
 Attended HAZWOPER 8-hour refresher course, 1994-2005. 
  
 Attended the following Environmental Protection Agency (EPA) 

Courses: 
  Course 345, Emission Capture and Gas Handling System 

Inspection 
  Course 380, Fugitive Source Inspection 
  Course 400, Introduction to Hazardous Air Pollutants 
  Course 413, Control of Particulate Emissions 

   Course 415, Control of Gaseous Emissions 
  Course 418, Control of Nitrogen Oxide Emissions 

   Course 427, Combustion Evaluation 
   Course 444, Air Pollution Field Enforcement 
   Course 445, Inspection of Particle Control Devices 
   Course 446, Inspection Safety Procedures 

  Course 450, Source Sampling for Particulate Pollutants 
  Course 452, Principles and Practice of Air Pollution Control 
  Course 455, Inspection of Gas Control Devices and Selected 

Industries 
   Course 474, Continuous Emission Monitoring 

  Course 482, Sources and Control of Volatile Organic Air 
Pollutants 

 
 Attended the following California Air Resources Board (CARB) 

Courses 
   Course 221, Continuous Emission Monitoring 
   Course 233, Solvent Cleaning: Degreasing Operations 
   Course 242, Hot Mix Asphalt Facilities 
   Course 245, Cement Plants 
   Course 270, Incinerators 
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SCOT JACKSON; Associate 
 
 
Education B.S.B.A. May 1978, Mountain View Jr. College, in General Business. 
 
Professional Purchasing Supervisor for METCO Environmental, Inc. in charge of   
Training inventory and supplies. January 1995 – April 2005. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120), Dallas, Texas, May 2000. 
 
 Attended Fed-Ex Hazardous Goods Shipping Training, June 2004. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Participated in the sampling of over 100 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1995-
present. 

 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 42C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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EXECUTIVE SUMMARY 
 

Air Sampling Associates, Inc. of Lewisville, Texas conducted testing on the Ameren UE, 

Labadie Power Plant, located near Labadie, Missouri.  The testing was performed to 

determine the amount of particulate matter being emitted to the atmosphere via the Unit 

No. 2 Stack.  The amount of particulate matter at the Air Heater A Inlet Duct and at the 

B Inlet Duct was also measured.  The testing was conducted from August 14 through 

19, 2007.  

 

A flow rate profile was taken at the B Inlet Duct and at the C Inlet Duct to the 

Electrostatic Precipitator (ESP) on Unit No. 2.  Based upon using the average flow rate 

in the stack of 2,340,888 acfm, the B inlet duct had 34.8% of the total flow rate and the 

C inlet duct had 36.3% of the total flow rate.  Therefore, the A inlet duct would contain 

28.9% of the flow rate based upon calculations. 

 

The sampling team consisted of Mr. Bill Mullins, Mr. Bill Hefley, Mr. Patrick Selakovich, 

Mr. Scot Jackson, and Mr. John Stanley.  Mr. Mullins was the test team leader. 

 

The sampling followed the procedures set forth in the Code of Federal Regulations, Title 

40, Part 60 (40CFR60), Appendix A, Test Methods 1, 2, 3, 4, 5B, 202, and the EPRI 

Low Temperature Filter Modification to Method 202. 

  

The average emission rate of particulate matter for the five tests from the Labadie Unit 

No. 2 Stack was equal to 0.031 lbs/mmBtu - Front Half.  The average emission rate of 

particulate matter from the Labadie Unit No. 2 Stack was equal to 0.044 lbs/mmBtu - 

Total. 
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The average emission rate of particulate matter for the five tests from the Labadie Unit 

Unit No. 2 Air Heater A Inlet Duct and at the B Inlet Duct was equal to 3.319 lbs/mmBtu 

- Front Half.  The average emission rate of particulate matter from the Labadie Unit No. 

2 Air Heater A Inlet Duct and at the B Inlet Duct was equal to 3.387 lbs/mmBtu - Total. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

_______________________________ 
Billy J. Mullins, Jr. P.E., Q.E.P., D.E.E.  
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SUMMARY OF RESULTS 

Table 1: Summary of Sampling Results 
 

Labadie Unit No. 2 Stack 
  

 
Run No. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
Average 

Test Date 08/14/07 08/15/07 08/16/07 08/17/07 08/18/07 ----- 
Test Time 1925-0144 2015-0229 1915-0134 1910-0222 1900-0112 ----- 
Flow Rate – DSCFM 1,366,765 1,328,142 1,332,689 1,331,785 1,318,362 1,335,549 
Stack Temperature - ˚F 322 340 333 331 338 335 
O2 – % Volume dry 5.2 5.4 5.0 5.2 5.6 5.3 
CO2 – % Volume dry 14.2 14.0 14.2 13.8 13.7 14.0 
Percent Excess Air 32.2 33.8 30.5 32.0 35.5 32.8 
Moisture Content - % 12.49 12.11 13.08 12.56 12.87 12.62 
Percent Isokinetic 95.5 96.1 97.0 97.1 97.3 96.6 
Particulate Matter 

- gr/dscf (Front Half) 
- lbs/mmBtu (Front Half)* 
- lbs/hr (Front Half) 

0.0156 
0.029 
182.8 

0.0173 
0.033 
197.33 

0.0152 
0.028 
173.61 

0.0183 
0.034 
208.45 

0.0168 
0.032 
190.12 

0.0166 
0.031 
190.46 

Particulate Matter 
- gr/dscf (Total) 
- lbs/mmBtu (Total)* 
- lbs/hr (Total) 

0.0185 
0.034 
216.96 

0.0281 
0.053 
320.15 

0.0189 
0.035 
216.42 

0.0307 
0.057 
350.78 

0.0203 
0.039 
229.72 

0.0233 
0.044 
266.81 

 
* Calculated using an Fd Factor of 9,780  

  
 



 

07-029 - 4 -  

SUMMARY OF RESULTS 

Table 2: Summary of Sampling Results 
 

Labadie Unit No. 2 Inlet to the Air Heater 
  

 
Run No. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
Average 

Test Date 08/14/07 08/15/07 08/16/07 08/17/07 08/18/07 ----- 
Test Time 1925-0006 2015-0128 1932-0112 1916-0107 1900-0012 ----- 
Flow Rate – DSCFM 1,178,914 1,125,458 1,137,195 1,155,173 1,166,594 1,152,667 
Stack Temperature - ˚F 751 730 729 719 732 732 
O2 – % Volume dry 2.5 2.4 2.3 2.5 2.5 2.4 
CO2 – % Volume dry 16.5 16.9 17.2 16.5 16.5 16.7 
Percent Excess Air 13.2 12.6 12.1 13.2 13.2 12.9 
Moisture Content - % 10.27 14.01 14.27 13.34 13.89 13.16 
Percent Isokinetic 96.1 97.5 98.5 98.1 97.5 97.5 
Particulate Matter 

- gr/dscf (Front Half) 
- lbs/mmBtu (Front Half)* 
- lbs/hr (Front Half) 

----- 
----- 
----- 

2.0134 
3.178 

19,419.81 

2.2873 
3.591 

22,291.42 

2.2394 
3.554 

22,169.24 

1.8605 
2.953 

18,600.83 

2.100 
3.319 

20,620.3 
Particulate Matter 

- gr/dscf (Total) 
- lbs/mmBtu (Total)* 
- lbs/hr (Total) 

----- 
----- 
----- 

2.0562 
3.245 

19,832.68 

2.4163 
3.793 

23,548.31 

2.2399 
3.555 

22,174.45 

1.8616 
2.954 

18,612.17 

2.1435 
3.387 

21,041.9 
 

* Calculated using an Fd Factor of 9,780  
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SUMMARY OF RESULTS 

Table 3: Summary of Sampling Results 
 

Labadie Unit No. 2 ESP B Inlet Duct and C Inlet Duct 
 
  

 
 
Run No. 

 
B Inlet 
Duct 

 
C Inlet 
Duct 

Test Date 08/17/07 08/17/07 
Test Time 1708-1740 1630-1643 
Flow Rate – ACFM 815,821* 848,698* 
Stack Temperature - ˚F 318 323 

* Calculated using an assumed flue gas molecular weight of 
29.00. 
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DISCUSSION OF SAMPLING RESULTS 
 

Stack 
The five tests for particulate matter taken at the stack appeared to be valid 

representations of the actual emissions during the tests.  All leak checks performed on 

the sampling train and the pitot tubes indicated no leaks before or after each test.  The 

indicative parameters calculated from the field data were in reasonable agreement.  The 

measured moisture contents for the five tests were within 4.06% of the mean value.  

The measured flow rates (DSCFM) for the five tests were within 2.34% of the mean 

value.  The rates of sampling for the five tests were within the specified limits (90 to 110 

percent isokinetic).  The greatest deviation from 100% isokinetic was 4.5%. 

 

The calculated emissions (lbs/mmBtu-Front Half) of particulate matter for the five tests 

indicated a range of -10.26% to +8.97% deviation from the mean value. 

 

 

Inlet to Air Heater 
The first test at the Inlet to the Air Heater was aborted due to two glass thimble holders 

breaking.  The sampling train was subsequently changed and was used for the 

remaining four tests.  The four tests for particulate matter taken at the inlet to the air 

heater appeared to be valid representations of the actual emissions during the tests.  All 

leak checks performed on the sampling train and the pitot tubes indicated no leaks 

before or after each test.  The indicative parameters calculated from the field data were 

in reasonable agreement.  The measured moisture contents for the five tests were 

within 21.94% of the mean value due to a lower reading during Run No. 2.  The 

measured flow rates (DSCFM) for the five tests were within 2.36% of the mean value.  

The rates of sampling for the four tests were within the specified limits (90 to 110 

percent isokinetic).  The greatest deviation from 100% isokinetic was 2.5%. 
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The calculated emissions (lbs/mmBtu-Front Half) of particulate matter for the four tests 

indicated a range of -11.03% to +8.20% deviation from the mean value. 
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DESCRIPTION OF SAMPLING LOCATION 
Unit No. 2 Stack 

 
 

The sampling ports on the Labadie Unit No. 2 Stack are approximately 281 feet above 

the ground.  The sampling ports are located 161 feet (7.85 stack diameters) 

downstream from the inlet to the stack and 419 feet (20.44 stack diameters) upstream 

from the outlet to the stack. 

 

Unit No. 2 Inlet to Air Heater 

 

The sampling ports on the Air Heater A Inlet Duct and on the B Inlet Duct are located in 

transitional areas of the ducts. 

 

Unit No.2 ESP B Inlet Duct: 

 

The sampling ports were approximately 93 feet above the ground.  The sampling ports 

were located in a transition area in the duct.  There were twelve sampling ports located 

across the duct.  Only nine ports were traversed for velocity.  Two ports (J and K) were 

inaccessible due to a platform above them.  The twelfth port (port L) was not in the 

same sampling plane as ports A through K.    

 

Unit No. 2 ESP C Inlet Duct: 

 
The sampling ports were approximately 93 feet above the ground.  The sampling ports 

were located 128 feet (9.14 equivalent duct diameters) downstream from a bend in the 

duct and 46 feet 6 inches (3.32 equivalent duct diameters upstream from a bend in the 

duct.  There were five sampling ports located across the duct.   
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SAMPLING LOCATION 
 

Figure 1: Labadie Unit No. 2 Stack  
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SAMPLING LOCATION 
 

Figure 2: Labadie Unit No. 2 Air Heater A Inlet Duct  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Not to Scale 

433" 

48" 46" 114" 113" 112" 

62" 

101" 

Sample Port Plane 

Flow Flow 

Flow 

Front View Side View 



 

07-029 - 11 -  

SAMPLING LOCATION 
 

Figure 3: Labadie Unit No. 2 Air Heater B Inlet  Duct  
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SAMPLING AND ANALYTICAL PROCEDURES 
 

The sampling followed the procedures set forth in 40CFR60, Appendix A, Test Methods 

1, 2, 3, 4, 5B, 202 and the EPRI Low Temperature Modification to Method 202. 

 

Unit No. 2 Stack 

Three traverse points were sampled from each of the four ports on the Labadie Unit No. 

2 Stack for a total of twelve traverse points.  All traverse points were checked for 

cyclonic flow and none was found to be present.  For each run, samples of thirty minute 

duration were taken at each of the twelve traverse points for a total sampling time of 

360 minutes.  Data was recorded at five-minute intervals. 

 

The pitot tube lines were checked for leaks before and after each test under a vacuum 

and a pressure.  The lines were also checked for clearance and the manometer was 

zeroed before each test. 

 

The sampling train was leak checked at the end of the sampling probe at 15" of mercury 

vacuum before each test, and again at the conclusion of each test at the highest 

vacuum recorded during sampling.  This was done to predetermine the possibility of a 

diluted sample. 

 

The “front-half” of the sampling train contained the following components: 

Stainless steel nozzle 
Heated glass lined probe@ 320°F ± 25°F 
Heated glass fiber filter @ 320°F ± 25°F 
Heated Teflon line @ 160°F 
Heated glass fiber filter @ 160°F 
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The “back-half” of the sampling train contained the following components: 

 

Table 4: Reference Method 5B and EPRI Low Temperature Modification to Method 
202 Sampling Train 

 
 

Impinger No. 
Impinger 

Type 
Impinger 
Contents 

 
Amount 

Parameter 
Collected 

1 Modified H.P.L.C. H2O 100 ml H2O 

2 Greenburg-Smith H.P.L.C. H2O 100 ml H2O 

3 Modified Empty ----- H2O 

4 Modified Silica Gel 250 g H2O 

     
 

At the completion of each run, the “back-half” of the sampling train was purged with 

nitrogen for 60 minutes at a rate of 20 liters per minute. 
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Figure 4: EPA Methods 1, 2, 3, 4, 5B, and EPRI Low Temperature Modification to 
Method 202 Sampling Train 
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Unit No. 2 Inlet to the Air Heater 

Six traverse points were sampled from each of the three ports on the Labadie Unit No. 2 

Air Heater A and B Inlet Ducts for a total of thirty-six traverse points.  All traverse points 

were checked for cyclonic flow and none was found to be present.  For each run, 

samples of eight minute duration were taken at each of the thirty-six traverse points for 

a total sampling time of 288 minutes.  Data was recorded at four-minute intervals. 

 

The pitot tube lines were checked for leaks before and after each test under a vacuum 

and a pressure.  The lines were also checked for clearance and the manometer was 

zeroed before each test. 

 

The sampling train was leak checked at the end of the sampling probe at 15" of mercury 

vacuum before each test, and again at the conclusion of each test at the highest 

vacuum recorded during sampling.  This was done to predetermine the possibility of a 

diluted sample. 

 

The “front-half” of the sampling train contained the following components: 

Stainless steel nozzle 
Heated glass lined probe@ 320°F ± 25°F 
Heated glass fiber filter @ 320°F ± 25°F 
Heated Teflon line @ 248°F ± 25°F 
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The “back-half” of the sampling train contained the following components: 

 

Table 5: Reference Method 5B and 202 Sampling Train 
 

 
Impinger No. 

Impinger 
Type 

Impinger 
Contents 

 
Amount 

Parameter 
Collected 

1 Modified H.P.L.C. H2O 100 ml H2O 

2 Greenburg-Smith H.P.L.C. H2O 100 ml H2O 

3 Modified Empty ----- H2O 

4 Modified Silica Gel 250 g H2O 

     
 

At the completion of each run, the “back-half” of the sampling train was purged with 

nitrogen for 60 minutes at a rate of 20 liters per minute. 
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Figure 5: EPA Methods 1, 2, 3, 4, 5B, and 202 Sampling Train 
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TEST NARRATIVE 
 

Personnel from Air Sampling Associates, Inc. arrived at the Ameren UE, Labadie Power 

Plant, located near Labadie, Missouri at 7:15 a.m., on Tuesday, August 14, 2007.  After 

attending the safety orientation, the sampling equipment was moved onto the Unit No. 2 

Stack and the Inlet to the Air Heater and the preliminary data was collected.  Personnel 

departed the plant at 1:30 p.m.   Personnel returned to the plant at 5:30 p.m.   The 

sampling equipment was prepared for testing and the first simultaneous test for 

particulate matter began at 7:25 p.m.  The sampling train on the Inlet to the Air Heater 

was leak checked after the first three ports and it was discovered that the thimble holder 

had broken.   The thimble holder was replaced and the test started again.   After the 

fourth port the sampling was leak checked again and once again the thimble holder was 

discovered to be broken.   The test at the Inlet to the Air Heater was aborted.  Sampling 

continued on the Stack until the completion of the test at 1:44 a.m. on Wednesday, 

August 15, 2007.   The sample was recovered and personnel departed the plant at 3:00 

a.m. 

 

On Wednesday, August 15, 2007, personnel returned to the plant at 5:30 p.m.  The 

equipment was prepared for testing.  The second simultaneous test for particulate 

matter at Inlet to the Air Heater and at the Stack began at 8:15 p.m.  Testing continued 

until the completion of the second test at the Inlet to the Air Heater at 1:28 a.m. and at 

the Stack at 2:29 a.m. on Thursday, August 16, 2007.   The samples were recovered 

and personnel departed the plant at 3:30 a.m. 

 

On Thursday, August 16, 2007, personnel returned to the plant at 5:30 p.m.  The 

equipment was prepared for testing.  The third simultaneous test for particulate matter 

began at 7:32 p.m. at Inlet to the Air Heater and at 7:15 p.m. at the Stack.  The filter on 

the sampling train at the Inlet to the Air Heater was changed half way through the test.  

Testing continued until the completion of the third test at the Inlet to the Air Heater at 
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1:12 a.m. and at the Stack at 1:34 a.m. on Friday, August 17, 2007.   The samples were 

recovered and personnel departed the plant at 3:00 a.m. 

 

On Friday, August 17, 2007, personnel returned to the plant at 3:30 p.m.  Sampling 

equipment was moved onto the Unit No. 2 ESP Inlet Ducts B and C. No sampling ports 

could be found at ESP Inlet Duct A.  A velocity and temperature traverse was taken at 

each duct from 4:30 p.m. until 5:40 p.m.  The particulate matter sampling equipment 

was prepared for testing.  The fourth simultaneous test for particulate matter began at 

7:16 p.m. at Inlet to the Air Heater and at 7:10 p.m. at the Stack.  During a port change 

on the Stack, the glass sampling probe was broken and had to be recovered and 

replaced.  Testing continued until the completion of the fourth test at the Inlet to the Air 

Heater at 1:07 a.m. and at the Stack at 2:22 a.m. on Saturday, August 18, 2007.   The 

samples were recovered and personnel departed the plant at 3:30 a.m. 

 

On Saturday, August 18, 2007, personnel returned to the plant at 5:30 p.m.  The 

equipment was prepared for testing.  The fifth simultaneous test for particulate matter at 

Inlet to the Air Heater and at the Stack began at 7:00 p.m.  Testing continued until the 

completion of the fifth test at the Inlet to the Air Heater at 12:12 a.m. and at the Stack at 

1:12 a.m. on Sunday, August 19, 2007.  

 

The samples were recovered and the sampling equipment was moved off the Inlet to 

the Air Heater and the Stack and loaded into the sampling trailer.  The data and 

samples were transported to Air Sampling Associates, Inc.’s office in Lewisville, Texas 

for further review and analysis.  

 

Operations for ADA-ES at the Ameren UE, Labadie Power Plant, Boiler No. 2, located 

near Labadie, Missouri, were completed at 4:30 a.m. on Sunday, August 19, 2007.  
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APPENDICES 
 
 
 Appendix A: Location of Traverse Points 
 Appendix B: Nomenclature and Equations for Calculation of Source 
  Emissions 
 Appendix C: Calibration Data 
 Appendix D: Field Data 
 Appendix E: Analytical Data 
 Appendix F: Chain of Custodies 
                    Appendix G: Resumes of Test Personnel 
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Appendix A: 

Location of Traverse Points 
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Appendix A: 
 

Location of Traverse Points 
Labadie Unit No. 2 Stack  

 
The sampling ports are located 161 feet (7.85 stack diameters) downstream from the 

inlet to the stack and 419 feet (20.44 stack diameters) upstream from the outlet to the 

stack. The locations of the traverse points were calculated as follows: 

 

Table 6:  Location of Traverse Points Labadie Unit No. 2 Stack 
 

Port & Wall Thickness = 6 1/2 inches 

Inside Stack Diameter = 246 inches   

Point 
Number* 

Percent of 
Stack Diameter 

Distance 
from Wall 

1 4.4       10 13/16" 
2 14.6 35 7/16" 
3 29.6               68 1/2" ** 
* Calculated as 1/2 of a six point traverse. 

** Maximum Reach Due to Exterior Wall. 
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Appendix A: 
 

 Figure 6: Location of Traverse Points  
Labadie Unit No. 2 Stack  
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Appendix A: 
 

Location of Traverse Points 
Labadie Unit No. 2 Inlet Duct A  

 
The sampling ports are located in a transitional area of the duct. The locations of the 

traverse points were calculated as follows: 

 

Figure 7:  Location of Traverse Points Labadie Unit No. 2 Inlet Duct A 
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Appendix A: 
 

Location of Traverse Points 
Labadie Unit No. 2 Inlet Duct B  

 
The sampling ports are located in a transitional area of the duct. The locations of the 

traverse points were calculated as follows: 

 

Figure 8:  Location of Traverse Points Labadie Unit No. 2 Inlet Duct B 
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Appendix A 
 

Location of Traverse Points 
Unit No. 2 ESP B Inlet Duct  

 
The sampling ports were approximately 93 feet above the ground.  The sampling ports 

were located in a transition area in the duct.  There were twelve sampling ports located 

across the duct.  Only nine ports were traversed for velocity.  The twelfth port, port L, 

was not in the same sampling plane as ports A through K. 

 

Figure 9: Location of Traverse Points Unit No. 2 ESP B Inlet Duct  
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Appendix A 
 

Location of Traverse Points 
Unit No. 2 ESP C Inlet Duct  

 
 

The sampling ports were approximately 93 feet above the ground.  The sampling ports 

were located 128 feet (9.14 equivalent duct diameters) downstream from a bend in the 

duct and 46 feet 6 inches (3.32 equivalent duct diameters upstream from a bend in the 

duct.   

 
Figure 10: Location of Traverse Points Unit No. 2 ESP C Inlet Duct  
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Appendix B: 
 

Nomenclature and Equations 
for 

Calculation of Source Emissions 
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Nomenclature For Flow Rate and Moisture Calculations 
 

  English Metric    
 Symbol Units Units Description 

 As in.2 m2 Stack Area 

 Can gr/dscf* g/dscm* Particulate – probe, cyclone,  
    and filter 

 Cao gr/dscf* g/dscm* Particulate –total 

 Cat gr/CF @ g/m3 Particulate – probe, cyclone, 
  stack conditions  and filter 

 Cau gr/CF @ g/m3 Particulate – total 
  stack conditions 

 Caw lbs/hr kg/hr Particulate – probe, cyclone, 
    and filter 

 Cax lbs/hr kg/hr Particulate - total   

 Cp   Pitot Tube Calibration Factor 

 Dn in. m Sampling Nozzle Diameter 

 %EA   Percent Excess Air at  
    Sampling Point 

 g 32.2 ft/sec2  Acceleration of gravity 
 %I   Percent Isokinetic   

 %M   Percent Moisture in the Stack  
    Gas by Volume 

 Md   Mole Fraction of Dry Gas 

 mf mg mg Particulate – probe, cyclone, 
    and filter 

 mt mg mg Particulate – total 

 Mwater 18 lb/lb-mole  Molecular Weight of Water 

 MW lb/lb-mole g/g-mole Molecular Weight of Stack 
    Gas  

 MWair 28.84 lb/lb-mole  Molecular Weight of Air 
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  English Metric    
 Symbol Units Units  Description 

 MWd lb/lb-mole g/g-mole Molecular Weight of Dry Stack  
    Gas 

 Pb "Hg Absolute mm Hg Barometric Pressure 

 Pm "H2O mm H2O Orifice Pressure drop 

 Ps "Hg Absolute mm Hg Stack Pressure 

 ∆P "H2O mm H2O Velocity Head of Stack Gas 

 Pstd 29.92" Hg 760 mm Hg Standard Barometric Pressure 

 Qa ACFM m3/hr Stack Gas Volume at Actual  
    Stack Conditions 

 Qs DSCFM* dscm/hr* Stack Gas Volume at 29.92"  
    Hg, 528° R, dry 

 R 21.83" Hg-  Universal Gas Constant 
  ft3/lb-mole °R 

 Tm °F °C Average Gas Meter  
    Temperature 

 Tt min min Net Time of Test 

 Ts °F °C Stack Temperature 

 Tstd 528 °R 293 °K Standard Temperature 

 Vm ft3 m3 Volume of Dry Gas Sampled  
    @ Meter Conditions 

 Vmstd dscf* dscm* Volume of Dry Gas Sampled 
    @ Standard Conditions 

 Vs fpm m/sec Stack Velocity @ Stack 
    Conditions  

 Vw ml ml Total Water Collected in  
    Impingers and Silica Gel 

 Vwgas scf* scm* Volume of Water Vapor  
    Collected @ Standard  
    Conditions 

 ρair 0.0748 lbs/ft3  Density of Air 
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  English Metric    
 Symbol Units Units  Description 

 ρwater 1 g/ml  Density of Water 

 ρman 62.32 lbs/ft3  Density of Manometer Oil 

(Inches of Water) 

Standard Conditions: 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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Example Calculations 
 

1.   Volume of dry gas sampled at standard conditions. * 
 

 

dscm = 0.028317 x dscf = V
  
  

dscf = 
460 + T
13.6
P + P

   V17.65 = V

  
  

P
13.6
P + P

  
460 + T

T   V= V

m

m

m
b

mm

std

m
b

m

std
mm

std

std

std

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

 

 
2. Volume of water vapor collected at standard conditions. * 
 

 

scm = 0.028317 x scf = V
  
  

scf = S)Hgms -  SOgms -  V(0.0472  = V
  
  

453.6 M P
RT  S)Hgms -  SOgms -  V( = V

w

22ww

waterstd

stdwater22w
w

gas

gas

gas

ρ

 

 
3. Percent moisture in stack gas. 
 

 % =100  x 
V + V

V =  %M
wm

w

gasstd

gas  

 
 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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4.   Mole fraction of dry gas. 
 

 
100

%M- 100  = Md  

5. Average molecular weight of dry stack gas. 

 
mole-g/g = 

  

mole-lb/lb = 
100
28 x %CO+

100
28 x N%+

100
32 x O%+

100
44 x CO% = MW 222d ⎥⎦

⎤
⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

 

6. Molecular weight of stack gas. 

 mole-g/g = 
mole-lb
lb = )M-(118  + M x MW = MW ddd  

7. Percent excess air at sampling point. 

 
%CO)] 0.5(-  O[%-  )N(% 0.265

%CO)] 0.5(-  O[%100  = %EA
22

2  

8. Stack Pressure. 

 

Hg mm = 25.4 x Abs. Hg" = P
  
  

Absolute Hg" = 
13.6

OH" Pressure Stack + P = P

s

2
bs

 

9. Stack velocity at stack conditions. 

 

m/sec = 0.00508 x fpm = V
  
  

fpm = average P∆
MW x P
460) + T( C 5,123.8 = V

  
  

  T x MW x P x ρ x 12
P x ∆460) + T( x MW x P x ρ x 2g

 60 C = V

s

s

s
 

ps

stdsair

sairstdman

1/2 

ps

1/2

⎥
⎦

⎤
⎢
⎣

⎡

⎥
⎦

⎤
⎢
⎣

⎡
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10. Dry stack gas volume at standard conditions. * 

 

 

dscm/hr = 1.6990 x DSCFM = Q
  

DSCFM = 
460 + T

P x M x A x V 0.123 = Q

    
P
P x 

460 + T
T x M x A x V 144

1 = Q

s

s

sdss
s

std

s

s

std
dsss

 

 

11. Actual stack gas volume at stack conditions. 

 

 

/hrm = 1.6990 x ACFM = Q
  
  

ACFM = 
144

A x V = Q

3
a

ss
a

 

 
 

12. Percent Isokinetic 
 

 

2
nstsd

sm

2
n

stsstdd

22
stdsm

D x  x VT x P x M
460)  (T x  x V1039  %I

4
D x   x VT x P x T x M

.144 x 100 x P x 460)  (T x V  %I

std

std

+
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Π
+

=
ftin

 

 
 
 
 
 
 
*29.92" Hg, 68° F (760 mm Hg, 20 °C) 
 
                                                                                          



 

07-029 B-8 

 13. Particulate – Probe, cyclone, and filter. 
 

*g/dscm  2.290 x gr/dscf  C

*gr/dscf 
V
mf x 0.0154 

mg 64.8
gr 1 

V
m  C

an

m

m

f
an

std

std

==

=

=

anC

x

 

 
14. Particulate total. 
 

 
*g/dscm  2.290 x gr/dscf  C

*/
V
m x 0.0154  C

ao

m

t
ao

std

==

== dscfgr

 

 
15. Particulate – probe, cyclone, and filter at stack conditions. 
 

 

3
at

an
at

d
s

std

std

s
anat

g/m  2.290 x gr/CF  C

gr/CF  
460Tx 

Md x Ps x C x 17.65  C

M x 
460)  (T

)(T x 
P
P x C  C

==

=
+

=

+
=

   

 
16. Particulate – total, at stack conditions. 
 

 
3

au

s
dsaoau

g/m  2.290 x gr/CF  C

gr/CF 460  T
M x P x C x 17.65  C

==

=+=

 

 
 
 
 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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Emission Rate Calculations 
 
 
 

( )%O - 20.9

20.9 x  F x 
7,000

gr/dscf 
  lbs/mmBtu 

2

d

=  

 
 

Fd = Oxygen based F factor 
 

 Fuel Fd factor 
 Coal 9,780 dscf*/mmBtu 
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Appendix C: 

Calibration Data 
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Appendix C 
Table 7: Calibration Data 

Pre-test Calibrations: 
Equipment Calibration Factor Calibration Date 

Dry Gas Meter 2-1 0.996 04/03/07 
Digital Temperature Indicator 2-1  04/03/07 
Dry Gas Meter 2-1 Orifice  04/03/07 
   
Dry Gas Meter 2-2 1.015 04/04/07 
Digital Temperature Indicator 2-2  04/04/07 
Dry Gas Meter 2-2 Orifice  04/04/07 
   
Pitot Tube 1-1 0.816 07/15/07 
Pitot Tube 1-4 0.820 03/28/07 
   
Nozzle 1-2 0.174 04/02/07 
Nozzle 2-2 0.176 04/02/07 
   
Barometer 1 NIST Traceable   07/15/07 

   

 
Post-test Calibrations: 

Equipment Calibration Factor Calibration Date 
Dry Gas Meter 2-1 0.991 09/12/07 
Digital Temperature Indicator 2-1  09/12/07 
Dry Gas Meter 2-1 Orifice  09/13/07 
   
Dry Gas Meter 2-2 1.003 09/13/07 
Digital Temperature Indicator 2-2  09/13/07 
Dry Gas Meter 2-2 Orifice  09/13/07 
   
Pitot Tube 1-1 0.824 09/10/07 
Pitot Tube 1-4 0.821 09/10/07 
   
Nozzle 1-2 0.177 09/12/07 
Nozzle 2-2 0.175 09/12/07 
   
Barometer 1 NIST Traceable   09/13/07 
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Post-Test Calibration Data 
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Appendix D:  

Field Data 
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Appendix E:  

Analytical Data 
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Appendix F:  

Chain of Custodies 
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Appendix G: 

Resumes of Test Personnel 
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BILLY J. MULLINS, JR.; President 
 
 
Education Post Graduate Study Environmental Engineering at Southern 

Methodist University; Dallas, Texas 1970. 
 
 M.S. 1969, New York University; New York, New York, in Civil 

Engineering (Air Resources). 
 
 B.S. 1968, Texas Tech University; Lubbock, Texas, in Civil 

Engineering (Water Resources). Studies in Engineering at the U.S. 
Naval Academy; Annapolis, Maryland, 1963-1964 

 
 
Professional Attended Short Course on Air Pollution Engineering at the University 
Training of Texas at Austin, February 1970. 
Courses 
 Attended four-week management course presented by the American 

Management Association, 1976. 
 
 
Certification Registered Professional Engineer 
 Certified Visible Emissions Evaluator 
 Licensed Private Pilot (Multi-Engine-Land, Instrument) 
 Diplomat in the American Academy of Environmental Engineers 
 Inductee into the Stack Sampling Hall of Fame 
 Certified as Qualified Environmental Professional (QEP) 
 
 
Professional Air & Waste Management Association – Past Chairman, Past Vice  
Memberships Chairman, and Past Board of Directors of North Texas Chapter and 

Southwest Section; Past Chairman, Consultants Committee; Past 
Chairman, Source Measurement Committee 

 
 Source Evaluations Society – Past President, Past Board of 

Directors 
 
 American Management Association 
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MULLINS (p. 2) 
 
 
Publications Authored “Real World Experience with USEPA’s New Sampling and 

Analytical Methods for Conducting Risk Burn,”  May 1998. 
 
 Co-authored “Sulfur Compound Emissions of the Petroleum 

Production Industry,” December 1974. 
 
 Co-authored “Field Procedure for Stabilizing Hydrogen Sulfide 

Samples to be Analyzed Using Modified Methylene Blue Technique,” 
presented at the Conference on Ambient Air Quality Measurements, 
Austin, Texas, March 1975. 

 
 Co-authored “Atmospheric Emissions Survey of the Sour Gas 

Industry,” November 1975. 
 
 Co-authored “Technique for Insuring the Validity of Samples for High 

Concentrations of Sulfur Dioxide Using the EPA Method 5 Sampling 
Train,” presented at the Third National Conference on Energy and 
the Environment, College Corner, Ohio, September 1975. 

 
 
Teaching Conducted training seminars on sampling methods periodically since  
Experience 1974 to present. 
 
 Conducted a one-day seminar on Part 75 Testing over ten times in 

1993 and 1994. 
 
 Served as a lecturer in the Environmental Protection Agency’s (EPA) 

training course number 450, “Source Sampling for Particulate 
Pollutants,” for two years from January 1974 to November 1975 and 
March, 1992. 

 
 Conducted a two-day training course entitled “technical Assistance in 

Source Sampling” at Iowa State University, Ames, Iowa, for the 
Environmental Protection Agency (EPA), November 1974. 

 
 Conducted Environmental Protection Agency’s (EPA) training course 

number 450, “Source Sampling for  Particulate Pollutants,” at 
Research Triangle Park, North Carolina, September 1975. 
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Teaching Conducted a two-day short course entitled “Performing and 
Experience Observing Source Sampling,” Dallas, Texas, July 1976, May 1977,  
 (Cont’d) November 1977, November 1987 and November 1988; Lake 

Charles, Louisiana, May 1977; Casper Wyoming, May 1977; Point 
Comfort, Texas, November 1992. 

 
 Served as a lecturer in the Environmental Protection Agency’s two-

day seminar entitled “Asphalt Industry Environmental Solutions,” 
presented in Dallas, Texas, March 21-22, 1979. 

 
 Conducted a two-day short course entitled “Performing and 

Observing Source Sampling,” Phoenix, Arizona, August, 1990, for the 
State of Arizona, Department of Environmental Quality; Lincoln, 
Nebraska, March 1980, for the State of Nebraska, Air Quality Control 
Division. 

 
 
Technical Directed and performed stack sampling on over 2000 sources of  
Experience which over 500 were sampled simultaneously using more than one 

sampling train at several points in the flue gas stream; 1972-present. 
 
 Directed and performed over 200 short-term ambient air studies 

using mobile sampling vans and various ambient air sampling 
equipment; 1972-present. 

 
 Designed, directed and operated over 20 permanent ambient air 

networks of various size and duration for a variety of parameters; 
1972-present. 

 
 Designed surface and underground drainage systems for residential 

subdivisions, public works projects, and shopping centers; 1969-
1972. 

 
 Designed several residential subdivisions including lot layout, street 

design, drainage design, and utility design; 1969-1972. 
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Research Supervised and conducted a study made by the Hawaiian Sugar  
Projects Planters’ Association to characterize the emissions for several 

bagasse-fired boilers, April-May 1976. 
 
 Supervised and conducted a study made by the Rio Grande Valley 

Sugar Growers, Inc. to determine the area affected by the burning of 
sugarcane fields prior to harvesting, November 1974-April 1975. 

 
 Supervised and conducted a study by a lightweight aggregate 

manufacturer to develop a material balance around the process 
through sampling and analysis of several parameters, November 
1973. 

 
 Conducted a study in New York City to attempt to develop a 

correlation in the ambient air between carbon dioxide and sulfur 
dioxide to provide a tool for predicting air pollution predicting air 
pollution episodes, January-May 1969. 

 
Related Served as Chairman of the Engineering Foundation Conference on  
Projects Stack Sampling and Source Evaluation in Destin, Florida, 2002, and 

Santa Barbara, California, 1985. 
 
 Served as Co-Chairman of the Engineering Foundation Conference 

on Stack Sampling and Source Evaluation in Destin, Florida, 2001. 
 
 Served as Session Chairman at the Engineering Foundation 

Conference on Stack Sampling and Source Evaluation in Hershey, 
Pennsylvania, 1984; San Diego, California, 1993; and in Palm Coast, 
Florida, 1994. 
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BILLY L. HEFLEY; Associate 
 
 
Education B.S. 1992, East Central University; Ada Oklahoma, in Environmental 

Science with a concentration in Environmental Management. 
 
Professional Attended 40-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1993. 
 
 Also attended an 8-hour refresher course January 1994, February 

1995, January 1996, and May 2004. 
 
 Attended 8-hour Safe Hazardous Materials Transportation Training 

Program (HM-126F and HM-181) Dallas, Texas, October 1994. 
 
 Attended Bill Mullins’ Performing and Observing Source Sampling 

Short Course; Dallas, Texas, January 1995. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Professional Air & Waste Management Association 
Memberships Source Evaluations Society 
 
 
Technical Participated in the sampling of over 750 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1992-
present. 

 
 Participated in an auditing program for a permanent eight-station 

sulfur dioxide ambient air network in East Texas, 1992-1993. 
 
 Participated in a semi-monthly ambient air monitoring survey for 

organic compounds at a petrochemical facility located in South 
Texas, 1992-1993. 

 
 Participated in EPA’s Information Collection Request for Mercury 

conducting more than 46 simultaneous tests for Speciated Mercury 
using the "Standard Test Method for Elemental, Oxidized, Particle-
Bound, and Total Mercury in Flue Gas Generated from Coal-Fired 
Stationary Sources (Ontario Hydro Method)." September  1999-May 
2000. 
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 Experienced in the analysis of commercial calibration gas cylinders 

for NOx, SO2, CO2, and O2. 
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 Anarad Model AR50-C Carbon Dioxide Analyzer 
 Anarad Model AR880 Oxides of Nitrogen Analyzer 
 Anarad Model AR23 Oxygen Analyzer 
 Anarad Model AR30C2 Sulfur Dioxide Analyzer  
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Teledyne Model 326 Oxygen Analyzer  
 Thermo Environmental Model 10AR & 10S Oxides of Nitrogen 

Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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PATRICK SELAKOVICH; Associate 
 
 
Education B.S.B.A. 1992, University of Arkansas; Fayetteville Arkansas, in 

General Business. 
 
Professional Attended 24-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1997. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120) & ‘Train the Trainer’, Dallas, 
Texas, July 1998. 

 
 Also attended an 8-hour refresher course January 2000, January 

2001, and May 2004. 
 
 Attended OSHA General Industry Safety and Health Training, May 

1999. 
 
Certification Certified Visible Emissions Evaluator 
 
 
Professional Society For Human Resource Management 
Memberships  
 
 
Technical Participated in the sampling of over 150 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1996-
present. 

 
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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SCOT JACKSON; Associate 
 
 
Education B.S.B.A. May 1978, Mountain View Jr. College, in General Business. 
 
Professional Purchasing Supervisor for METCO Environmental, Inc. in charge of   
Training inventory and supplies. January 1995 – April 2005. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120), Dallas, Texas, May 2000. 
 
 Attended Fed-Ex Hazardous Goods Shipping Training, June 2004. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Participated in the sampling of over 100 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1995-
present. 

 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 42C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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JOHN STANLEY; Associate 
 
 
Education B.A. June 1990, Hendrix College, in Business and Economics. 
 
 
Technical Participated in the sampling of over 25 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.   
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 42C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
 








































































































































































