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DISCLAIMER 
This technical report was prepared with the support of the U.S. Department of 

Energy, under Award No. DE-FC26-05NT42307.  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 
On March 15, 2005, EPA issued the Clean Air Mercury Rule, requiring phased-in 

reductions of mercury emissions from electric power generators.  ADA-ES, Inc., with 
support from DOE/NETL and industry partners, is conducting evaluations of EPRI’s 
TOXECON II™ process and of high-temperature reagents and sorbents to determine the 
capabilities of sorbent/reagent injection, including activated carbon, for mercury control on 
different coals and air emissions control equipment configurations.   

DOE/NETL targets for total mercury removal are ≥55% (lignite), ≥65% 
(subbituminous), and ≥80% (bituminous).  Based on work done to date at various scales, 
meeting the removal targets appears feasible.  However, work needs to progress to more 
thoroughly document and test these promising technologies at full scale. 

This is the final site report for tests conducted at MidAmerican’s Louisa Station, one 
of three sites evaluated in this DOE/NETL program.  The other two sites in the program are 
MidAmerican’s Council Bluff Station and Entergy’s Independence Station. 

MidAmerican’s Louisa Station burns Powder River Basin (PRB) coal and employs 
hot-side electrostatic precipitators with flue gas conditioning for particulate control.  This 
part of the testing program evaluated the effect of reagents used in the existing flue gas 
conditioning on mercury removal. 
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EXECUTIVE SUMMARY 

Power plants that burn Powder River Basin (PRB) coal and have only hot-side 
electrostatic precipitators (ESPs) for air pollution control represent a challenging 
configuration for controlling mercury emissions.  Limited testing on hot-side ESP 
configurations with injecting conventional powdered activated carbons just upstream of the 
ESP has indicated these sorbents perform very poorly at the elevated temperatures associated 
with hot-side ESP installations. 

In order to further the understanding of potential mercury control systems for power 
plants burning PRB coals and using hot-side ESPs for air pollution control, DOE selected 
ADA-ES, Inc., to conduct a test program at MidAmerican’s Louisa Generating Station to 
evaluate the mercury removal effectiveness of the hot-side flue gas conditioning agent, 
ADA-37, currently in use at Louisa and any synergistic effects of ALSTOM’s coal additive, 
KNX.  Testing was conducted from January 28 to February 13, 2006.  The plant burned the 
normal subbituminous PRB fuel during the test program.  This report provides the results 
from the test program. 

The effect of both ADA-37 and KNX was tested during the parametric test period.  
Although ADA-37 is typically on at Louisa, data were collected without ADA-37 and at 
three different injection rates (6, 12, and 18 gallons per hour).  KNX was injected at two 
different rates (3 and 8 gallons per hour).  Results indicate that ADA-37 is not effective at 
removing mercury across a hot-side ESP.  KNX appeared to increase the fraction of oxidized 
mercury, but no net increase in mercury removal was noted with KNX. 
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INTRODUCTION 

Description of Overall Program 

The test program at MidAmerican’s Louisa Generating Station is part of a three-site 
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 using either high-
temperature sorbents or EPRI’s TOXECON II™ process.  High-temperature sorbents are 
included in the test programs at MidAmerican’s Louisa Station and Council Bluffs Station.  
Sorbent injection into an electrostatic precipitator (ESP), or TOXECON II™, is the focus of 
testing at Entergy’s Independence Station.  All of these sites fire Powder River Basin (PRB) 
coal and currently achieve less than 20% mercury removal.  Key descriptive information 
about these plants is included in Table 1.  Table 2 shows the test schedule for the overall 
program. 

The technical approach followed during this program allowed the team to evaluate the 
potential of ADA-37 and ALSTOM’s coal additive KNX.  These technical objectives were 
accomplished by following a series of tasks, as listed below.  These tasks are repeated for 
each test site. 

Task 1.  Site Coordination, Kickoff Meeting, Test Plan and QA/QC Plan 

Task 2.  Design and Install Site-Specific Equipment 

Task 3.  Sorbent Selection 

Task 4.  Field-Tests – Baseline Tests 

Task 5.  Field-Tests – Parametric Tests 

Task 6.  Field-Tests – Long-Term Tests (not included at Louisa) 

Task 7.  Data Analysis 

Task 8.  Sample Evaluation 

Task 9.  Site Report 

Task 10.  Technology Transfer 

Task 11.  Management and Reporting 

A detailed description of each task is given in the Test Plan for Louisa included in 
Appendix A. 
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Table 1.  Host Site Key Descriptive Information. 

 Entergy 
Independence 

MidAmerican 
Council Bluffs 

MidAmerican 
Louisa 

 TOXECON II™ High-Temperature Sorbents 

Unit No. 1 2 1 

Size (MW) 842 88 700 

Test Portion (MW) 210 88 700 

Coal PRB PRB PRB 

 Heating Value (as rec’d.) 8,870 8,425 8,500 

 Sulfur (% by weight) 0.32 0.32 0.32 

 Chlorine (ppm) 50 50–100 50–100 

 Mercury (μg/g) 0.04 0.08 0.08 

Particulate Control Cold-Side ESP Hot-Side ESP Hot-Side ESP 

SCA/fields (ft2/kacfm) 542/8 224/4 459/5 

Sulfur Control Compliance Coal Compliance Coal Compliance Coal 

Disposition of Ash Sold Some Sold Sold 

Typical Inlet Mercury (μg/dncm) 6–7 11.1–13.5 11.1–13.4 

Typical Mercury Removal  10%–20% 0%–10% 0%–10% 
 

Table 2.  Field-Testing Schedule. 
2005 2006 2007 

Site 
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 

Louisa          

Independence          

Council 
Bluffs 
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The primary funding for testing at Louisa is through U.S. DOE Cooperative 
Agreement No. DE-FC26-05NT42307.  Almost twenty-eight percent of the funding is 
through industry participants including: 

• EPRI 
• ADA-ES, Inc. 
• SCS 
• DTE Energy 
• MidAmerican – Louisa Generating Station (host site) 

 
Key members of the test team include: 

ADA-ES, Inc. 
EPRI 
Others 

Stack test firms 
Analytical laboratories 

Site Testing Overview 

Louisa Generating Station is configured with a hot-side ESP.  It was identified as one 
of the high-temperature sorbent test sites because it currently uses a flue gas conditioning 
agent, ADA-37, to enhance particulate removal in the ESP.  Results of testing for the EPA’s 
most recent mercury Information Collection Request (ICR) at the Alliant Columbia 
Generating Station show mercury removal of up to 32% while conditioning the ESP with 
ADA-37.  This is higher native mercury removal than for any of the other hot-side plants in 
the ICR database.  Tests were planned at Louisa to determine the potential of ADA-37 for 
mercury trim control. 

The site set-up activities started on January 25, 2006, with equipment setup, and 
concluded on February 13, 2006.  ADA-37 flue gas conditioning reagent was injected using 
the existing injection grid throughout the test program.  The injection lances were cleaned 
several weeks prior to this testing during a routine plant outage.  During a portion of the test 
program, ALSTOM’s KNX material, a bromine-based coal additive, was applied to the coal 
through a temporary injection system at the coal gravimetric feeders. 

Mercury measurements were made using a semi-continuous emission monitor 
(SCEM) at the ESP inlet, a mercury continuous emissions monitor (Hg CEM) at the stack, 
the dry sorbent trap method (STM) at the stack, and analysis of coal and ash samples. 
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PROJECT OBJECTIVES AND TECHNICAL APPROACH 

The general approach for the field-testing at Louisa was to follow a series of three 
tasks:  1) Sample and Data Collection Coordination, 2) Baseline Tests, and 3) Parametric 
Tests. 

The objectives of these tests were to evaluate the following: 

• Baseline, native mercury capture. 

• Potential of the existing flue gas conditioning reagent, ADA-37, to increase 
mercury removal across the ESP. 

• Mercury speciation change when applying an additive, ALSTOM KNX, to the 
coal prior to entering the pulverizers and furnace. 

Importance of Testing at Louisa 

Available data indicate that mercury removal across a hot-side ESP is limited.  Some 
data suggest that the flue-gas conditioning agent ADA-37 may increase mercury in these 
units.  This test program fills a data gap for the industry. 
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LOUISA GENERATING STATION SITE DESCRIPTION 

General Description of Unit 2 

The test unit (Unit 2) is a single 700-MW PRB coal-fired electric generating unit.  
The unit typically fires PRB coal in a balanced draft Babcock & Wilcox opposed wall fired 
boiler.  The Research-Cottrell hot-side ESP is followed by two Ljungström regenerative air 
heaters.  Key operating parameters for Louisa Unit 2 are shown in Table 3.  A general sketch 
of the flue gas flow is shown in Figure 1. 

The ESP configuration for Louisa Unit 2 has four boxes in a split wedge arrangement, 
with each box consisting of 27 transformer/rectifier (TR) sets, 3 chambers, 51 gas passages, 
5 electrical fields and 8 bus sections.  A sketch of the ESP showing the TR sets and electrical 
fields is shown in Figure 2. 

Table 3.  Louisa Key Operating Parameters. 

Unit 1 
Size (MWnet) 700 
Test Portion (MWe) 700 
Coal PRB 
 Heating Value (as received) 8500 
 Sulfur (% by weight) 0.32 
 Chlorine (%) ~0.01 
 Mercury (µg/g)) 0.08 
Particulate Control Hot-Side ESP; SCA = 459 ft2/kacfm 
Sulfur Control Compliance Coal 
Air Preheater Regenerative 
Ash Reuse Sold 
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Figure 1.  Sketch of Louisa Unit 2 General Configuration. 
 
 

 
Figure 2.  Single ESP Box Electrical Field Configuration. 

Because Louisa sells its fly ash, it was important that the reagents used during testing 
would not impact the marketability of the fly ash.  The reagents tested at Louisa should have 
no impact on ash sales. 

For collection of plant operating data, the plant installed a workstation in the ADA-ES 
testing office trailer that was connected to the plant control and information system. 
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Description of Sorbent Injection and Mercury Monitoring Locations 
During the test program, the liquid reagent ADA-37 was injected upstream of the ESP 

using existing injection lances.  One hundred percent of the Unit 1 flue gas flow was treated.  
For a portion of the tests, ALSTOM’s KNX coal additive was added to the coal prior to 
combustion.  The unit has seven pulverizers.  KNX was injected into the feeders on four of 
the mills (mills 101, 102, 103, and 104).  KNX-treated coal was delivered to four burner 
elevations—two on the front wall and two on the rear wall—which should have provided 
relatively uniform distribution within the furnace.  A diagram of the boiler showing the 
burner arrangement and the associated coal mill for each burner level is shown in Figure 3. 

Two mercury monitors were installed for this program.  An SCEM was installed in a 
port upstream of one pair of ESP boxes.  An Hg CEM was installed at the 400-foot test 
elevation in the Unit 1 stack. 
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Figure 3.  Louisa Boiler Arrangement Indicating Burners with KNX-Treated Coal. 

Burners with 
KNX Injection 
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EQUIPMENT DESCRIPTIONS 

ADA-37 Injection System 

The reagent injection system currently in use at Louisa consists of a bulk-storage 
vessel and a single feeder/metering train.  A photo of the ADA-37 injection skid is shown in 
Figure 4. 

 

 
Figure 4.  ADA-37 Injection Skid Installed at Louisa Generating Station. 
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Two sets of injection grids, one for each ESP path, are installed on Unit 1.  Each grid 
consists of six injection lances connected by a common header located upstream of the ESPs.  
A programmable logic controller (PLC) system controls the system operation.  The sorbent 
injection system allows controlling the reagent feed rate either manually through a Human-
Machine Interface (HMI), or automatically through a load-following signal from the plant 
such as unit MW load or flue gas flow rate. 

Bulk delivery trucks deliver and unload the ADA-37 flue gas conditioning reagent 
into a storage vessel near the skid.  The reagent is delivered from the bottom of the storage 
vessel through a metering system and then into the feed system.  The reagent is mixed with 
dilution water, which is then transported to the injection grid.  Atomizing air is used to create 
the maximum efficiency droplet size for distribution. 

ALSTOM KNX Injection System 

The ALSTOM KNX liquid delivery system consists of a 55-gallon drum with a feed 
line to a variable speed positive displacement pump.  KNX was delivered to the coal at the 
gravimetric feeders via flex tubing. 

Mercury Monitoring System 

Two mercury monitors were used during testing at Louisa.  One was an SCEM built 
and operated by Apogee Scientific, Inc.  One was a continuous emissions monitor (CEM) 
built by Thermo Electron Corporation and operated by ADA-ES.  The SCEM was installed at 
the inlet to the ESP upstream of sorbent injection.  The CEM was installed at the stack.  The 
SCEM consisted of a cold-vapor atomic absorption spectrometer (CVAAS) coupled with a 
gold amalgamation system (Au-CVAAS).  A similar SCEM is shown in Figure 5.  The CEM 
uses a dilution probe followed by a cold-vapor atomic fluorescence spectrometer (CVAFS).  
Both systems used inertial separation probes to separate the particulate-free sample gas from 
the bulk flue gas. 

Both analyzers are capable of measuring total vapor-phase mercury and elemental 
vapor-phase mercury.  The analyzer determines total vapor-phase mercury concentrations by 
reducing all of the oxidized mercury to the elemental form near the extraction location.  To 
measure elemental mercury, the oxidized mercury is removed while allowing elemental 
mercury to pass through without being altered. 
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Figure 5.  Sketch of SCEM Mercury Measurement System. 
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TEST PROGRAM DESCRIPTION 
Description of Field-Testing Tasks 

The field tests were accomplished through a series of three subtasks: 

1. Sample and Data Collection Coordination 
2. Baseline Tests 
3. Parametric Tests 

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 task influenced the test 
parameters of subsequent tasks.  A summary of each subtask is presented in the following 
sections. 

Sample and Data Collection Coordination 
Collecting, analyzing, and archiving samples and plant operating data are key aspects 

of any field test program.  A copy of the Sample Collection and Management Plan for the test 
program at Louisa is included in Appendix B.  An example of samples and data collected 
during testing is presented in Table 4. 

Table 4.  Data Collected during Field Testing. 

Parameter Sample/Signal/Test Baseline Parametric 

Coal Batch sample Yes Yes 

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

Fly ash Batch sample Yes Yes 

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

Temperature Plant signal at AH inlet and stack Yes Yes 

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

Mercury 
(total) 

STM (modified 40 CFR, Part 75, 
Appendix K) Yes Yes 

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

Sorbent Injection Rate ADA-37 and KNX injection pumps, gph 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, etc.) Yes Yes 

 
Coal samples were collected daily and provided for analysis.  Grab samples of ash 

were collected from the ESP hoppers each day of testing. 
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Overview of Test Program Sequence 

Equipment installation began on January 25, 2006.  During the following four days, 
mercury SCEM and CEM analyzers were installed and operationally tested in preparation for 
the testing program. 

Hg CEM measurements started as planned on January 28, 2006.  The location of the 
Thermo Hg CEM was in the annular space between the chimney and the liner at the 400-foot 
emissions monitoring elevation on the stack.  Due to the varying ambient conditions at that 
location, the first readings from the Thermo Hg analyzer were erratic.  Subsequent 
modifications to this area stabilized the temperatures, which resulted in more stable operation 
and data from the analyzer.  Stable data collection started on February 1, 2006. 

Baseline and Parametric Testing (No Sorbent Injection) 

Approximately 92 hours of baseline data were collected during this test program.  
During the baseline period, ADA-37 injection was turned off to evaluate the impact on native 
mercury removal.  Mercury measurements were made upstream of the reagent injection 
location and at the main stack.  The unit was operated at conditions expected during the 
parametric tests.  This included operating the boiler at full-load and load-following 
conditions, and operating the ESP equipment under standard operating conditions. 

Parametric Testing  

Eleven days of parametric testing were conducted.  The goal of the parametric test 
sequence was to develop a relationship between reagent injection concentration and mercury 
removal efficiencies across the ESP.  During the first six days of parametric testing, the 
ADA-37 injection rate was adjusted for 6, 12, and 18 gallons per hour with two days at each 
injection concentration.  During three days of parametric testing, the effect of KNX injection 
on mercury removal and speciation was evaluated with and without ADA-37 injection.  In 
addition to mercury concentrations, the correlation between reagent injection rate and ESP 
operation (power, spark rate, etc., and particulate emissions from the ESP) was also 
evaluated. 

EPA M26A measurements were made during the KNX injection sequence to compare 
the halogens in the flue gas during normal ADA-37 injection and when adding bromine to 
the coal in the form of KNX. 
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RESULTS FROM LOUISA TESTING 

Mercury Removal Results 

Baseline testing (no ADA-37 or KNX injection) was conducted January 31 through 
February 2 and February 12 through 13, 2006.  ADA-37 testing was conducted February 3 
through 8, 2006, and KNX evaluations were conducted February 9 through 11, 2006. 

ADA-37 Tests 

The ADA-37 testing consisted of injecting the flue gas conditioning reagent at rates 
of 6, 12, and 18 gallons per hour for two days per rate and observing the change in mercury 
levels across the ESP.  Mercury removal trends are presented in Figure 6.  The data suggest 
that there was no change in mercury removal with varying ADA-37 injection rates, including 
periods with no injection.  The flue gas temperature at the inlet to the air preheater was 
typically between 780 and 800ºF during full-load conditions.  There was fairly good 
correlation between the analyzer and STM measurements. 
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Figure 6.  Mercury Removal Trends during Baseline and ADA-37 Testing. 
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ALSTOM KNX Tests 
The addition of KNX to the coal appeared to increase the fraction of oxidized 

mercury at both the inlet to the ESP and the stack.  At an injection rate of 3 gallons per hour, 
the fraction of oxidized mercury at the inlet to the ESP increased from less than 15% to 
between 30 and 45%.  At 8 gallons per hour KNX, the fraction of oxidized mercury at the 
inlet to the ESP was nearly 50%.  At the stack, the fraction of oxidized mercury was between 
30 and 50% without KNX, 68 to 77% at 3 gallons per hour, and over 80% at 8 gallons per 
hour.  These trends are shown in Figure 7. 

The addition of KNX did not change the mercury removal across the ESP.  The 
increased fraction of oxidized mercury may be beneficial if Louisa were configured with a 
wet scrubber.  In this case, a portion of the oxidized mercury may be removed in the 
scrubber. 
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Figure 7.  Mercury Speciation and KNX Injection Rate. 
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Coal and Ash Analyses 

Results from as-fired coal samples collected on February 4 and 9, 2006, are shown in 
Tables 5 and 6.  These data indicate that the coal fired at Louisa during testing was fairly 
typical for PRB coal. 

Table 5.  Louisa Unit 2 Coal Analysis, Dry Basis. 
 2/4/06 2/9/06 
Ultimate   
 Carbon  70.29 
 Hydrogen  5.03 
 Nitrogen  1.02 
 Sulfur  0.48 
 Ash  6.95 
 Oxygen  16.23 
Proximate   
 Ash 7.83 6.95 
 Volatile 41.46 41.63 
 Fixed Carbon 50.71 51.42 
 HHV (BTU/lb) 11975 11996 
Hg (ppb) 118 130 
Hg (lb/TBtu) 9.85 10.8 

 

Table 6.  Mineral Analysis of Ashed Coal, 2/9/06 Sample. 
Mineral Concentration (μg/g) 
Ag <0.2 
As 1.00 
Ba 110.00 
Be 0.40 
Cd <0.2 
Co 3.00 
Cr  4.00 
Cu 12.00 
Mn 10.00 
Ni  4.00 
Pb  <2 
Sb  <1 
Se  1.00 
Tl  <1 
V  15.00 
Zn 3.00 
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Fifteen ash samples were collected from the Row 1 hoppers on ESP 101 and 104 
(thirty samples total).  The highest fraction of LOI measured during the program was 0.18%.  
The average LOI was 0.11%.  The mercury concentrations measured in the ash samples were 
all below 10 ng/g.  This confirms that there was no mercury removal in the hot-side ESP. 

ESP Performance 

The normal flue gas conditioning injection rate is 12 gallons per hour, which the plant 
injects at a constant rate independent of unit load.  During this program, ADA-37 was shut 
off for periods up to 56 hours and injection rates of 6, 12, and 18 gallons per hour were tested 
for 48-hour increments.  The ESP had come offline for a cleaning just prior to the DOE test 
program and there was sufficient ESP preconditioning so that the plant did not see any 
change in ESP performance or plant opacity when operating with no reagent injection.  A 
trend of stack opacity is shown with ADA-37 and KNX injection rates in Figure 8 for 
reference. 
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Figure 8.  Opacity Trends during Parametric Testing. 
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Results of EPA M26A Testing 

EPA M26A measurements were made on February 8 and 9, 2006, to determine 
whether the introduction of KNX onto the coal resulted in an increase in bromine emissions 
at the stack.  Results from these tests indicate that there was no measurable increase in 
bromine emissions during KNX testing.  These results are shown in Figure 9.  The full 
M26A report is included in Appendix C. 
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* HBr and Br2 concentrations were below the detection limit for testing without KNX.  

Br2 concentrations were below the detection limit for the KNX test period. 

Figure 9.  Results from EPA M26A Measurements at Louisa. 
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CONCLUSIONS 

Testing was conducted from January 28 to February 13, 2006, to evaluate the 
mercury removal effectiveness of the hot-side ESP flue gas conditioning agent, ADA-37, 
currently in use at Louisa and any synergistic effects of ALSTOM’s coal additive, KNX. 

Results indicate that ADA-37 is not effective at removing mercury across the hot-side 
ESP at Louisa at injection rates up to 18 gallons per hour.  KNX appeared to increase the 
fraction of oxidized mercury, but no net increase in mercury removal was noted with KNX.  
The plant burned the normal subbituminous PRB fuel during the test program. 

No impacts on ESP performance were noted as a result of changing the ADA-37 
injection concentration.  However, the ESP had come offline for a cleaning just prior to the 
DOE test program and there was sufficient ESP preconditioning so that the plant did not see 
any change in plant opacity when operating with no reagent injection during the relatively 
short parametric test period. 
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Project Objectives 

The objective of testing at MidAmerican Energy Company’s Louisa Generating 
Station is to determine the cost and effects of reagent injection using ADA-ES’s high 
temperature liquid injection process for control of mercury in stack emissions. 

The benefit of the high temperature liquid injection process, shown in Figure 1, High 
Temperature Liquid Injection Process Diagram, is that the existing ESP collects the 
majority of ash and mercury while the flue gas is hot, potentially minimizing or 
eliminating the need for adding a particulate collection device downstream of the air 
pre-heater when the flue gas is cooler and existing technologies are available to 
control mercury emissions.  With high temperature liquid injection, the 
reagent/sorbent injection is upstream of the existing hot side electrostatic precipitator 
(ESP).  This process, not involving activated carbon, allows the ash collected in the 
ESP fields to continue to be sold for use in concrete. 

Even though this evaluation will inject reagent into the entire hot-side ESP, mercury 
measurements will be sampled from one-half of the 700 MW flue gas stream from 
Unit 1.  The inlet will be sampled upstream of one of the two hot side ESP units, the 
outlet will be sampled at the stack.  Some consideration is being given to sampling 
downstream of the ESP to evaluate speciation changes caused by the reagent 
injection. 
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Figure 1.  High Temperature Liquid Injection Process Diagram. 
 
Project Overview 

The Louisa test program is part of a four-site 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 using either high temperature sorbents or 
EPRI’s TOXECON IITM process.  Table 1, Host Sites Participating in the Sorbent 
Injection Demonstration Project, shows the host sites for this program’s testing.  
Testing at these four host sites will allow documentation of sorbent performance on 
the following configurations: 

Metering
Pump

Air Compressor 

ADA-ES, Inc.

Electrostatic
Precipitator

Unloading 
Pump 

Plant Service Water

ADA-ES Additive
Injection System
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Table 1.  Host Sites Participating in the Sorbent Injection Demonstration Project. 

 Coal / 
Options  APC Capacity (MW) / 

Test Portion 
Current Hg 
Removal (%) 

Entergy’s Independence 
Plant Unit 2 

PRB  Cold-Side ESP 842/106 10-20% 

MidAmerican’s Louisa 
Generating Station Unit 1 

PRB Hot-Side ESP 700/700 <10% 
(Estimated) 

MidAmerican’s Council 
Bluffs Energy Center Unit 
2 

PRB Hot-Side ESP 88/88 <10% 
(Estimated) 

AEP’s Gavin Station Unit 
1 or 2 

Bit Cold-Side ESP / 
FGD  

1,200/200 40% ESP 
(Est), 70%+ 
in FGD 

 

The test program selected Louisa Unit 1 as one of the test sites because it’s flue gas 
conditioning system injects a high temperature reagent which has been shown to 
remove 30% of the mercury in flue gas at a cost of $700K per year for a 500-MW 
PRB plant.  This cost is 20% of what DOE and EPA projections indicated for a cold-
side electrostatic precipitator (ESP) plant this size.  This combination will allow an 
evaluation of the high temperature liquid injection process to take advantage as 
much as possible of existing equipment and minimize the need for installing new 
major capital equipment. 

Host Site Description 
The Louisa Generating Station is located in Louisa County, Iowa near Muscatine, 
Iowa.  Unit 1 is a 700-MW (net) pulverized coal electric generating unit with 
Lungstrum regenerative air preheaters that burns PRB coal.  Table 2, Louisa Key 
Operating Parameters, shows the key operating parameters for Louisa Unit 1. 
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Table 2.  Louisa Key Operating Parameters. 

Unit 1 

Size (MWnet) 700 

Test Portion (MWe) 700 

Coal PRB  

 Heating Value (as received) 8,500 

 Sulfur (% by weight) 0.32 

 Chlorine (%) ~0.01 

 Mercury (μg/g) 0.08 

Particulate Control Hot-Side ESP 
SCA = 459 ft2/kacfm 

Sulfur Control Compliance Coal 

Air Pre-Heater Regenerative 

Ash Reuse Sold 

 
Louisa Unit 1 is equipped with four ESP units operating in a split wedge 
arrangement for particulate removal. Figure 2, Sketch of the Plant Process at Louisa 
Unit 1, shows a sketch of the Unit 1 flue gas path.  The figure shows the planned 
injection location with respective sampling locations. The reagent will be injected into 
the entire flue gas stream to allow the plant to continue treating all of its fly ash to 
maintain ESP performance. 
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Figure 2.  Sketch of Plant Process at Louisa Unit 1. 
 
The ESP configuration for Louisa Unit 1 has four boxes in a split wedge 
arrangement, with each box consisting of 27 transformer/rectifier sets, 3 chambers, 
51 gas passages, five electrical fields and eight bus sections.   See Figure 3, ESP 
Electrical Field Configuration. 

 
Figure 3:  ESP Electrical Field Configuration. 
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During the test program, liquid reagent will be injected upstream of the ESP for the 
full system, and mercury monitoring will occur in the main stack on 100% of the 700 
MW flue gas stream.  In addition, Alstom’s KNX coal additive will be used during part 
of the test sequence to determine the benefits of halogen additives for mercury 
removal.  

General Technical Approach 

The test program activities for each test site consist of the eleven tasks shown in 
Table 3, Site-Specific Tasks.  These tasks provide the outline for the test plan. 

 

Table 3.  Site-Specific Tasks. 

Task Description 
1.  Site Coordination, Kickoff Meeting, Test Plan, and QA/QC Plan 
2.  Design and Install Site-Specific Equipment 
3.  Field-Tests – Sorbent Selection 
4.  Field-Tests – Baseline Tests 
5.  Field-Tests – Parametric Tests 
6.  Field-Tests – Long-Term Tests 
7.  Data Analysis 
8.  Sample Evaluation 
9.  Site Report 

10.  Technology Transfer 
11.  Management and Reporting 
 
Following are the task descriptions for the MidAmerican Louisa testing: 

Task 1.  Site Coordination, Kickoff Meeting, Test Plan, and QA/QC Plan 
Efforts within this task include planning the site-specific tests with MidAmerican, the 
Louisa Generating Station, DOE/NETL, and the contributing team members.  ADA-
ES will meet with MidAmerican and Louisa plant personnel to discuss the overall 
scope of the program, the potential impact on plant equipment and operation, and 
identify potential equipment and port locations.  ADA-ES will conduct additional 
communications with MidAmerican to discuss the host site agreements and team 
member cost-sharing arrangements.  ADA-ES and MidAmerican will finalize these 
efforts during this task.  Other efforts include identifying any permit requirements, 
developing a quality assurance/quality control plan, developing a site specific 
installation document, finalizing the site-specific scope for each of the team 
members, and putting subcontracts in place for manual (Particulate, Halogen, etc.) 
sampling services. 

Test Plan 

This document is the Test Plan for the project testing at MidAmerican’s Louisa 
Generating Station. 
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QA/QC Plan 

ADA-ES personnel and subcontractors will be performing the various sampling and 
analytical functions required to evaluate the effectiveness of the mercury controls.  
All testing personnel will be required to adhere to written QA/QC procedures.  
QA/QC procedures will be prepared as part of separate detailed QA/QC plan that 
will be submitted for approvals prior to the testing dates by MidAmerican/Louisa and 
DOE.  The plans will include the necessary QA/QC activities that are required to 
assure the validity of collected data.  At a minimum, the QA/QC Plan will include a 
description of the test methods to be used: instrument/equipment testing; 
maintenance and inspection procedures; instrument calibration and frequency; 
inspection/acceptance requirements for supplies and consumables; procedures for 
checking data reduction and validation; and sample handling and chain of custody 
requirements.  Standard methodologies and procedures have been established for 
all the methods to be used in the testing, therefore any new or unproven techniques 
will be noted as such when presenting information to the project. 

Initial Sorbent/Reagent Selection 

A key component of the test planning process for these evaluations is identifying 
potential sorbents/reagents for testing.  The test program originally anticipated the 
full-scale evaluation of two different reagents.  Potential alternate reagents included 
those that may achieve higher mercury removal or reagents that are equally as 
effective but lower cost.  The program decided that the testing would include using 
the present flue-gas conditioning reagent (ADA-37), injecting it at various injection 
rates and under various operating conditions.  Following the ADA-37 tests, the 
program will introduced the KNX reagent onto the coal delivery system to evaluate 
the effect of halogen additives used in conjunction with the flue-gas conditioning 
reagent.  

Task 2.  Design and Install Site-Specific Equipment 
 
Site-specific equipment includes the existing flue gas conditioning distribution 
header and injection grid installed in the ESP inlet ducts.  These are in place as part 
of an operational flue gas conditioning system.  The Alstom KNX delivery equipment 
is easily portable and scalable and will be delivered during the testing phase at 
Louisa. 

Table 4, Scope of Work for Reagent Injection System, presents a representative split 
of responsibilities on key equipment and activities between ADA-ES and the host 
plant. 



Test Plan 

Test Plan Louisa Generating Station   8 

Table 4.  Scopes of Work for Reagent System. 

ADA-ES Host Site* 
Hg SCEMs, including installation Access platforms, if necessary 
Office Trailer Installation labor, if necessary 
Coordination of Reagent Ordering and 
Delivery 

Compressed air 

Coordination of Sub-Contractor Duties and 
Activities 

Electrical power 

 Signal Wiring / Telephones / Power 
 Collection of Coal and Ash Samples 
 PI System Information Trend Database 
 PI Data Collection 
 EMO Testing Unit Load Coordination 
 Coordinate Test Program Technical Needs 

from MidAmerican 

* MidAmerican will be reimbursed per DOE/Host Site Agreements for expenses to facilitate 
the testing. 
 
ADA-ES will oversee installation and system checkout of the overall reagent 
injection system equipment and mercury measurement equipment and will be 
responsible for general maintenance of the systems during testing.  At least one 
ADA-ES 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 one week.  This includes time 
for checkout and troubleshooting.  ADA-ES personnel and/or sub-contractors will 
operate all testing/reagent equipment for the testing.  While the host site is invited to 
monitor the operation of the equipment, the presence (or lack thereof) of this monitor 
will not delay the testing sequence unless it is a matter concerning plant reliability or 
safety, in which case the test crew will defer to the direction of the plant personnel. 

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

The site-specific equipment for this test includes the following: 

Reagent Injection System 

The existing reagent injection system (Figure 4, Flue Gas Conditioning System 
Injection Skid and Feeder System Installed at MidAmerican’s Louisa Generating 
Station) consists of a bulk-storage vessel and a single feeder/metering train. 
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Figure 4:  Flue Gas Conditioning System Injection Skid and Feeder System Installed at 
MidAmerican’s Louisa Generating Station. 
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Bulk delivery trucks deliver and unload the ADA-37 flue gas conditioning reagent into 
the storage vessel.  The reagent feeds from the bottom of the storage vessel 
through a metering system and then into the feed system. 

The reagent injection system for this testing has one delivery train.  The train 
includes a pump with a meter, which measures the chemical reagent and injects the 
reagent into the dilution water, which is then transported to the injection point. To 
prevent condensation, atomizing air is used to create the maximum efficiency droplet 
size for distribution. 

Louisa Unit 1 has two sets of injection grids, one for each ESP path.  Each grid 
consists of six injection lances connected by a common header located upstream of 
the ESPs.  A PLC system controls the system operation.  The sorbent injection 
system allows controlling the reagent feed rate either manually through an HMI 
interface, or automatically through a load following signal from the plant such as unit 
MW load or flue gas flow rate. 

The Alstom KNX liquid delivery system consists of a 55-gal drum with a feed line to 
a positive displacement pump capable of delivery 5gph. The system delivers the 
KNX reagent to the coal via flex tubing. The point of application to the coal can be 
anywhere that ensures good mixing within the furnace. Typical delivery points 
include the main coal feeder conveyor belt and the lowest burner feed mill.  The 
injection pump has the capability to manually vary the injection rate. 

Mercury Monitoring System 

The test program will use at least two mercury monitoring systems to provide real-
time feedback of the mercury levels in the flue gas during baseline and reagent 
injection testing.  Each monitoring system consists of a sample extraction and 
conditioning system and the analyzer system, connected with a heated sample 
transport umbilical bundle.  The ADA-ES analyzers consist of a cold vapor atomic 
absorption spectrometer (CVAAS) coupled with a gold amalgamation system (Au-
CVAAS).  Figure 5, Sketch of Mercury Measurement System, shows a sketch of the 
system. 



Test Plan 

Test Plan Louisa Generating Station   11 

Sample Extraction

Sample 
Conversion/
Speciation

Sample Transport

Data Management

 
 

Figure 5:  Sketch of Mercury Measurement System. 
 
The figure shows an inertial separation probe.  This probe separates the particulate 
matter from the sample with minimal sampling artifacts from fly ash or injected 
sorbent. 

The system uses vapor-phase elemental mercury for analyzer calibration. 

The monitoring system measures both total vapor-phase mercury and elemental 
vapor-phase mercury.  The system determines total vapor-phase mercury 
concentrations by chemically reducing all of the oxidized mercury to the elemental 
form near the extraction location.  To measure elemental mercury, the system 
removes the oxidized mercury from the sample gas while allowing elemental 
mercury to pass through without alteration.  The oxidized mercury is then the 
difference between the total mercury measurement and the elemental mercury 
measurement. 

As an alternate to the system described above, ADA-ES will use its best efforts to 
use Thermo’s newly released I-series mercury monitoring systems for this test, 
dependent upon availability. 

Task 3.  Field-Tests – Sorbent Selection 
 
The test program will test, at a minimum, the present flue gas conditioning reagent 
(ADA-37), injecting it at various injection rates and under various operating 
conditions.  In addition, the test program will test Alstom KNX reagent as a halogen 
additive, adding it to the coal delivery system (TBD) prior to the coal entering the 
burners. 
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Task 4, 5, and 6. 
 
Tasks 4, 5, and 6 are the actual field testing efforts to collect data to quantify the 
mercury removal.  Table 5, Full-Scale Test Sequence, below, outlines the testing 
sequence plan. 

 

 

Table 5.  Full-Scale Test Sequence. 

Test 
Description 

Test Week Parameters/Comments Boiler Load

Set Up  Install Monitoring Equipment 
Inspect and Clean all Reagent Injectors  

No Load 
Restrictions 

Baseline Week 0 Day 6 and 7 – No ADA-37 Injection (if possible) No Load 
Restrictions 

Parametric 
Testing 

Week 1 Day 1 – ADA-37, NIR (Normal Injecting Rate) 
Day 2 – ADA-37, NIR, test crew set-up for M26A 
Day 3 – ADA-37, NIR, M26A 
Sorbent Screening 

 Full Load 
6AM-6PM 

Parametric 
Testing 

Week 1 Day 4 – ADA-37 Reduced Injection Rate (RIR) 
Day 5 – ADA-37, RIR 
Day 6 – ADA-37, RIR 
Day 7 – ADA-37, Increased Injection Rate (IIR) 

Full Load 
6AM-6PM, 
Sat – 
Sunday: 
Low Load 

Parametric 
Testing  

Week 2 Day 1 – ADA-37, IIR 
Day 2 – ADA-37, IIR 
Day 3 – Transition to Alstom KNX, ADA-37 - NIR 
Day 4 – KNX, ADA-37 - NIR 
Day 5 – KNX, ADA-37 - NIR, M26A 
Day 6 – KNX, ADA-37 - NIR 
Day 7 – Transition to ADA-37, NIR 

Full Load 
6AM-6PM, 
Sat – 
Sunday: 
Low Load 
 

Baseline Week 3 Day 1 and 2 – No ADA-37 Injection (if possible) Full Load 
6AM-6PM 

Decommission Week 3 Remove all monitoring equipment 
Inspect and Clean all Reagent Injectors 

No Load 
Restrictions 

 

Notes: Monitor Hg and ESP performance during all tests. 

Minimum Normal Injection Rate defined at 12 gallons per hour. 

 Certain tests may be cancelled or modified if opacity levels approach 20% limit. 

Table 6, Test Matrix for Baseline and Parametric Test Series, details the testing 
during each day.  See the description of project Tasks 4, 5, and 6 below for further 
detail of the scope of each of these tasks. 
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Table 6:  Test Matrix for Baseline and Parametric Test Series 
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Task 4.  Field-Tests – Baseline Tests 
 
The test program desires to conduct up to four days of baseline testing, two days 
prior to and two days after the parametric testing, as shown in Table 5 and Table 6.  
During this baseline testing, the test program will evaluate the native mercury 
removal with no flue gas conditioning reagent injection.  These tests must 
necessarily depend on being able to run the unit without increasing the likelihood of 
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incurring an opacity increase.  The test program will coordinate very closely with the 
plant operations during these anticipated tests. 

The first part of baseline testing will commence shortly after installation of the 
mercury monitors and testing equipment and the second part will take place after the 
parametric test sequence.  During the baseline testing, the test program will perform 
mercury measurements upstream of the reagent injection location and at the main 
stack and will use this data to characterize native mercury capture as well as 
mercury speciation across the ESP at the aforementioned test conditions.  The Unit 
will operate at conditions expected during the parametric tests.  This includes 
operating the boiler at full-load and load- following conditions and operating the ESP 
equipment under standard operating parameters.   

Task 5.  Field-Tests – Parametric Tests 
 
The test program will conduct two weeks of parametric testing, as shown in Table 5 
and Table 6.  During the two weeks of parametric testing, the test program will 
evaluate the performance of the reagent(s) at several injection concentrations. 

The goal of the parametric test sequence is to develop a relationship between 
reagent injection concentration and mercury removal efficiencies across the ESP.  
The test program will develop a correlation between reagent injection concentration 
and ESP operation (power, spark rate, etc., and particulate emissions from the ESP) 
during this task. 

The test program will conduct the parametric tests at plant full-load operating 
conditions and at plant load following conditions.  The test program will perform 
mercury measurements with the mercury monitors. 

During this Task, the test program will perform a M26A (HCl and HF) test in 
conjunction with performing continuous mercury measurements using the mercury 
monitors and dry sorbent trap method (STM).  The use of Ontario Hydro and 
Abbreviated Method 5 (17) measurements are being evaluated in the context of 
funding.  If funding is available, the test program will perform these measurements  
as well. 

The test program will also perform an M26A measurement during the KNX injection 
sequence to compare the halogens in the flue gas during normal ADA-37 injection 
and when adding the halogenated reagents. 

Sorbent Screening 

The test program will include sorbent screening to evaluate the effectiveness of 
various solid reagents in removing mercury at the Louisa station.  This testing will be 
in addition to the parametric tests and are a precursor to testing solid high 
temperature reagents at Council Bluffs Unit No 2, a site designated for testing later 
in this DOE program.  
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Upon completion of the parametric testing, the test team (MidAmerican, ADA-ES, 
DOE, EPRI) will review the parametric testing results to determine if any follow on 
testing is necessary. 

Task 6.  Field-Tests – Long-Term Tests 
 
This test program is not currently scheduled to include long term testing. 

Task 7.  Data Analysis 
 
The goal of the data collection and analysis for this program is to measure the effect 
of reagent injection on mercury control and speciation, and the impact on the 
existing ESP.  The test program will characterize mercury levels and plant operation. 

Task 8.  Sample Evaluation  
 
The test program will collect coal and combustion byproduct samples throughout the 
testing period.  The program will analyze selected samples to better characterize 
mercury removal performance and factors that may influence this performance.  
Coal analyses will include ultimate and proximate analyses, as well as mercury and 
chlorine content.  The ash analysis will include mercury and other possible tests 
such as alkalinity, size distribution, chlorine, fluorine, and metals such as selenium 
and arsenic. 

Ash testing will also include standard leaching test methods such as the Toxicity 
Characteristic Leaching Procedure (TCLP, SW846-1311) and synthetic groundwater 
leaching procedure (SGLP).  Further analysis can be performed per specific request 
of the team participants. 

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. 

DOE has a test program planned to evaluate the stability of mercury on coal 
combustion byproducts.  The Louisa test program will provide ash samples to the 
DOE contractor for analysis.  The program will also collect and archive additional 
ash for other tests, including EPA, DOE, and EPRI requested tests, and independent 
DOE and MidAmerican approved companies. 

The test program requires a sample and data management process for tracking a 
large quantity of samples from various process streams during the testing efforts.  
ADA-ES has developed a Sample and Data Management System (SDMS) that will 
store test data from the evaluation.  The SDMS data can generate reports, track 
sample history, and input results from laboratory analyses. 
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For data control and security, the system limits full access to the project manager 
and site manager at ADA-ES and the sample manager.  Operators collecting 
samples will upload information to the database and print sample labels and Chain-
of-Custody forms.  ADA-ES will include testing results with regularly issued reports 
to the test team. 

Task 9.  Site Report 
 
The test program will prepare a site report documenting measurements, test 
procedures, analyses, and results obtained in Tasks 4, 5, and 6.  This report is a 
stand-alone document providing a comprehensive review of the testing.  The test 
program will submit this report to MidAmerican.  The report will also include a 
section on the initial economics for full-scale permanent commercial implementation 
of the control scheme. 

Based on input from the plant, the report will address modifications to existing plant 
equipment and develop a work scope document for the HIGH TEMPERATURE 
LIQUID INJECTION process.  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, the test program will develop a budget level cost estimate to 
implement/modify the HIGH TEMPERATURE LIQUID INJECTION control 
technology.  This will include capital cost estimates for mercury control process 
equipment as well as projected annual operating costs.  Where possible, the report 
will include order-of-magnitude estimates for plant modifications and balance of plant 
items. 

Task 10.  Technology Transfer 
 
The ultimate goal of technology transfer efforts is to make the program testing 
results available to the public as quickly, comprehensively and accurately as 
possible.   To accomplish this goal, ADA-ES will work with DOE/NETL to determine 
and support efforts for key meetings, presentations and publications at selected 
conferences to increase exposure of the test results and receive comments on the 
applicability of the technology to the industry. 

Transferring the information generated during this program to the coal-fired utility 
industry is an important part of the program.  Dr. Durham, who has led the 
technology transfer activities during the DOE Phase I and II programs, will lead this 
important activity.  Technology transfer activities in the previous testing programs 
included participating in DOE/NETL-sponsored meetings, EPA Hg MACT 
Stakeholder meetings, presentations at more than 50 events or companies, hosting 
a project Web site for project team members and for presentation of project 
information, and publication of more than 100 technical papers. 
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ADA-ES will work with DOE/NETL to determine and support efforts for key meetings, 
presentations and publications.  ADA-ES will also establish a Web site for the project 
and participants.  ADA-ES has done this on other NETL projects with excellent 
results. 

Task 11.  Management and Reporting 
 

This task includes the overall program management, and preparation of financial 
and administrative reports.  This task will also include periodic meetings with DOE to 
discuss progress and obtain overall direction of the program from the DOE project 
manager. 
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Schedule 

The current schedule for activities at Louisa Generating Station is shown in Figure 6. 

 

Figure 6: Current Schedule for the Louisa Test Program. 
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Key Personnel 
Key personnel for the Louisa tests are identified in Table 7. 

 

Table 7:  Key Project Personnel for Louisa Mercury Field Evaluation. 

Name Company Role Phone # E-Mail 

Andrew O’Palko DOE/NETL Project Manager 304-285-4715 andrew.opalko@netl.doe.gov 

Kevin Dodson MidAmerican MidAmerican 
Technical Support

563-333-8184 kddodson@midamerican.com 

Dave Muggli ADA-ES Program Manager 303-339-8853 davem@adaes.com 

Tom Campbell ADA-ES Site Project 
Manager 

303-339-8864 tomc@adaes.com 

Cody Wilson ADA-ES Site Project 
Engineer 

303-339-8860 codyw@adaes.com 

Ron Unser MidAmerican Unit Manager 563-262-2861 reunser@midamerican.com 

Jerry Amrhein ADA-ES Hg Monitors 303-339-8841 jerrya@adaes.com 

Ken Baldrey ADA-ES Technical Expert 303-734-1727 kenb@adaes.com 

Jean Bustard ADA-ES Technical Expert 303-734-1727 jeanb@adaes.com 

Michael Durham ADA-ES Technical Expert 303-734-1727 miked@adaes.com 

Cam Martin ADA-ES Equipment 
Design 

303-339-8849 camm@adaes.com 

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

Sharon Sjostrom ADA-ES Technical Expert 303-734-1727 sharons@adaes.com 

Connie Senior Reaction 
Engineering 

Coal and 
Byproduct Issues 

801-364-6925
ext 37 

senior@reaction-eng.com 

Ramsay Chang EPRI Technical Expert 650-855-2535 rchang@epri.com 
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Sample Management Plan – MidAmerican Louisa Station
Project #:  04-7007-72                                  

 
 
 
ADA-ES, Inc. is conducting an evaluation looking at sorbent injection for mercury control at 
MidAmerican’s Louisa Station.  The overall objective of this project is to determine the cost and effects 
of reagent injection for control of mercury in stack emissions using a flue gas conditioning (FGC) 
injection configuration.   
 
During the evaluation, fuel samples and certain process byproducts will be collected for determination 
of mercury content, stability, and other analytes.  Process byproduct of primary interest is fly ash; 
however, other process byproducts may also be collected. 
 
Sample and data management are needed for tracking approximately 100 samples from various solid 
process streams at Louisa Station.  ADA-ES has developed a Sample and Data Management System 
(SDMS) that will store test data from the evaluation.  These data can be used to generate reports, track 
sample history, and input results from laboratory analyses.   
 
ADA-ES will also store plant operational data and other test data during the evaluation.  Pertinent plant 
operating parameters will be logged electronically.  For data control and security, full access will be 
limited to the project, site, and sample manager at ADA-ES as well as the MidAMerican designated 
representative.  Operators collecting samples will be able to upload information to the database and print 
sample labels and Chain-of-Custody forms.  ADA-ES will include results with regularly issued reports 
to the test team.   
 

Sampling Locations 
Samples of various gaseous and solid process streams will be collected during the evaluation.  Specific 
flue gas samples are not included in this document.  Sampling locations for Louisa Station Unit 1 are 
shown in Figure 1. 



Sample Management Plan – MidAmerican Louisa Station  2 
Project #:  04-7007-72                                  

Coal 
Silos

Pulverizers B
O

IL
ER

Bottom 
Ash 

Conveyor

Air 
Heater

STACK

S

G

Solids/Liquids
Gas

ADA-37 
Injection 
System

(ADA-ES)

Air 
Heater

PRB

S

I.D. FAN

I.D. FAN

G

KNX 
Injection 
System

S

101 102

103 104
ESP

G

S

G

S

S

 
 
 
 
Figure 1.  Louisa Station Unit 1 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.  
Representative samples will be collected only under stable and normal operating conditions 
unless otherwise directed by ADA-ES personnel.   

Sample Streams 
Coal Samples – Daily grab samples will be collected from the coal conveyor that feeds the 
unit 1 coal silos.  Louisa plant personnel will collect the sample between 5:00 am and 11:00 
am, thus representing the coal fired between 10:00am and 4:00pm.  ADA-ES will provide the 
sample schedule and sample bottles. 
 
ESP Fly Ash – Grab samples of ash will be collected from each row of ESP hoppers each 
day of testing.  Samples will be segregated by the test condition (baseline and each 
parametric test).  The samples will be stored in 1-quart sample containers for shipping to the 
analytical laboratories.   
 
The schedule indicates sampling from multiple rows on both sides of the ESP.  These 
samples will be used to determine if stratification exists throughout the system and to 
compare ash properties of the two sides.  A sketch showing the collection fields from the 
ESP is shown in Figure 2.  The shaded hoppers indicate the collection fields from which fly 
ash samples will be collected. 
 
During testing, the rows of ESP hoppers, with the exception of the inlet row of hoppers, to be 
sampled should be isolated around 10:00am with ash samples being collected at 3:00 pm.  
This will ensure the sample collected represents the ash collected by the ESP during the test 
period, which typically starts at 10am and ends around 5:00pm.  ADA will coordinate ash 
sampling and hopper emptying activities with plant operations. 
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Flue Gas Flow – ESP 103  Flue Gas Flow – ESP 104 
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Flue Gas Flow – ESP 101  Flue Gas Flow – ESP 102 
1 2 3 4 5 6  1 2 3 4 5 6 
7 8 9 10 11 12  7 8 9 10 11 12 
13 14 15 16 17 18  13 14 15 16 17 18 

*Sampled Collection Fields 
 
Figure 2.  ESP Hopper Layout and Sampling Locations. 
 
 
If possible, plant personnel may collect a fly ash sample inside the ESP at the end of the 
testing period.  This sample should be collected from any surface structures (e.g., ledges, 
corners) that are capable of holding fly ash material in place for a long period of time.  This 
sample should be exposed to coal-derived flue gas for long periods of time.  This sample will 
be analyzed for metals content (e.g., Hg, As, Se) to help determine if these toxics accumulate 
over time and surpass any recommended exposure limits. 
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Table 1.  Tentative Sampling Schedule. 

 
 

Test 
Condition 

Type Frequency Volume 
Collected 

Coal Daily 2 liters/5lbs

Baseline 

ESP Ash Daily: 
Each Row on Sample Side 

1 sample: 
All Rows on Sample Side, Inlet Row 
on Non-Sample Side  

 
1 Quart 

 

1 Quart 
 

Coal Daily 2 liters/5lbs

Parametric 

ESP Ash Daily: 
Each Row on Sample Side 

1 sample per test sequence: 
All Rows on Sample Side, Inlet Row 
on Non-Sample Side  

 

 
1 Quart  

1 Quart 
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Sample Management Strategy 
During the mercury control evaluation, Louisa plant personnel, as directed by ADA-ES, will 
collect the coal samples.  ADA-ES personnel will collect the in-situ fly ash samples.  The 
ADA-ES site manager will deliver a sampling schedule, which shows the sampling times, 
volume, and specific samples to collect during each testing day.  A sample management flow 
chart is shown in Figure 3.  
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Figure 3.  Sample Management Flowchart. 
 
Once the samples have been collected, they will be delivered to ADA-ES personnel to be 
sealed and labeled.  The samples will be logged into a database and given a sample 
identification number.  Authorized project team members will have access to the database to 
see which samples have been collected and are available for testing. 
 
Once the samples have been sealed and labeled, ADA-ES personnel will generate a Chain-of 
Custody (COC) form to be delivered with each shipment of samples.  The COC will be used 
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for sample tracking and identification.  Although ADA-ES will not enforce the strict COC 
procedures (e.g., signatures to release sample custody, controlled access), all pertinent 
information will be recorded.   
 
The samples, along with a COC, will be shipped to the ADA-ES laboratory for storage.  
Once received, ADA-ES will identify samples for mercury, and other, analyses.  Other 
analyses will include ultimate and proximate analyses for coal and elemental analyses for 
coal and ash samples (including chlorine and fluorine contents).  
 

Sample Analysis  
 
Although previous tests from other programs have shown that the byproducts are extremely 
stable, it is important to continue evaluating these byproducts for each condition using well-
established and documented techniques, and new techniques designed to perform even more 
robust analyses of the byproducts.  Additional ash samples will be collected and archived for 
other tests, including tests requested by EPA, DOE, and independent companies approved by 
DOE.  No samples will be shipped to outside firms without prior approval of MidAmerican 
and DOE. 
 
Standard leaching test methods conducted on the fly ash samples will include the Toxicity 
Characteristic Leaching Procedure (TCLP, SW846-1311) and the synthetic groundwater 
leaching procedure (SGLP).  Solid and liquid samples will be collected and analyzed 
according to the methods as prescribed in Table 2.   
 
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 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 

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 

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

Flue Gas Samples 
Flue gas measurements will be made at the locations indicated on Figure 1.  Flue gas 
analyses will include the EPA Method 26A.  Hg analyzers and sorbent trap method tests 
(STM) will also be used at selected locations measuring near-real-time vapor-phase mercury 
concentrations in the flue gas. 
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Table 3.  Sampling and Analytical Matrix. 
Sampling Location Sample/Type Sampling Method Analytical Method 

Hg – Vapor Phase STM EPA Method 1631 

Total/Elemental Mercury – 
Vapor Phase 

Semi-Continuous AF or AA -Analysis 

Economizer 
Outlet/ESP Inlet 

Particulate Hg Modified PM2.5 Modified Ohio Lumix ASTM 6722D-01 
HBr, HCl, HF, BR2, CL2 M26A Ion chromatography per the promulgated EPA Method 26a 

Hg STM EPA Method 1631 
Total/Elemental Mercury Continuous AF or AA-Analysis 
   

ESP Outlet and/or 
Stack 

   
Hg Grab Sample ASTM D6414-99 or 01 
Cl Grab Sample Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry) 

F Grab Sample TBD 
Ultimate Analysis Grab Sample  
Proximate Analysis Grab Sample  

Coal Fuel to Boiler 

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

Cl Grab Sample Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry) 

LOI / Carbon Content Grab Sample ASTM C311-04 

Leaching Grab Sample TCLP, SW846-1311, SGLP 

Bottom Ash, Fly Ash 

Trace Metals Grab Sample  
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APPENDIX C 
 

Gaseous Emissions Test, GE Energy 

 

 

Copyright© 2006 GE Energy.  This paper was written with support of the U.S. 
Department of Energy under Contract No. DE-FC26-05NT42307.  The 
Government reserves for itself and others acting on its behalf a royalty-free, 
nonexclusive, irrevocable, worldwide license for Governmental purposes to 
publish, distribute, translate, duplicate, exhibit, and perform this copyrighted 
paper. 






































































































































