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DISCLAIMER

This technical report was prepared with the support of the U.S. Department of Energy, under Award No.
DE-FC26-00NT41005. 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

With the Nation's coal-burning utilities facing the possibility of tighter controls on mercury
pollutants, the U.S. Department of Energy is funding projects that could offer power plant
operators better ways to reduce these emissions at much lower costs.

Mercury is known to have toxic effects on the nervous system of humans and wildlife. Although
it exists only in trace amounts in coal, mercury is released when coal burns and can accumulate
on land and in water. In water, bacteria transform the metal into methylmercury, the most
hazardous form of the metal. Methylmercury can collect in fish and marine mammals in
concentrations hundreds of thousands times higher than the levels in surrounding waters.

One of the goals of DOE is to develop technologies by 2005 that will be capable of cutting
mercury emissions 50 to 70 percent at well under one-half of today's costs. ADA Environmental
Solutions (ADA-ES) is managing a project to test mercury control technologies at full scale at
four different power plants from 2000 — 2003. The ADA-ES project is focused on those power
plants that are not equipped with wet flue gas desulfurization systems.

ADA-ES has developed a portable system that will be tested at four different utility power
plants. Each of the plants is equipped with either electrostatic precipitators or fabric filters to
remove solid particles from the plant's flue gas.

ADA-ES's technology will inject a dry sorbent, such as activated carbon, which removes the
mercury and makes it more susceptible to capture by the particulate control devices. A fine
water mist may be sprayed into the flue gas to cool its temperature to the range where the dry
sorbent is most effective.

PG&E National Energy Group is providing two test sites that fire bituminous coals and both are
equipped with electrostatic precipitators and carbon/ash separation systems. Wisconsin Electric
Power Company is providing a third test site that burns Powder River Basin (PRB) coal and has
an electrostatic precipitator for particulate control. Alabama Power Company will host a fourth
test at its Plant Gaston, which is equipped with a hot-side electrostatic precipitator and a
downstream fabric filter.
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EXPERIMENTAL

All field-testing has been completed at E.C. Gaston and all data and samples have been
analyzed.

RESULTS AND DISCUSSIONS

This Topical Report is issued as complete detailed results of data and sample analysis. These
results are for tests that were conducted at Alabama Power Company’s E.C. Gaston Plant
Unit 3.
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EXECUTIVE SUMMARY

Gaston Unit 3 was successfully tested for applicability of activated carbon injection as a mercury
control technology. Test results from this site have enabled a thorough evaluation of the impacts
of future mercury regulations to Gaston Unit 3, including performance, estimated cost, and
operation data. Directly as a result of this work, further study to obtain an optimized design can
be defined and conducted.

The team responsible for executing this program included plant and Alabama Power
headquarters personnel, Southern Company personnel, EPRI and several of its member
companies, DOE, ADA-ES, Norit America, Hamon Research Cottrell, Apogee Scientific,
Southern Research Institute, URS Corporation, Reaction Engineering, as well as other
laboratories. The technical support of all of these entities came together to make this program
work on a short schedule and achieve its goals.

Overall the objectives of this four-month laboratory and field test program were to determine the
mercury control and balance-of-plant impacts resulting from activated carbon injection into a
full-scale COHPAC baghouse on Gaston Unit 3, a bituminous-coal-fired 270 MW unit. Ten
different sorbents were tested in a laboratory apparatus for mercury adsorption. These sorbents
included ash-derived, carbon-based, and proprietary clay-based sorbents. Seven of these
sorbents were then tested in a slipstream of flue gas from Gaston Unit 3. Five sorbents were
tested full-scale by injection into one-half of the Unit 3 flue gas stream (135 MW nominal).
Sorbents were injected in the duct downstream of the hot-side electrostatic precipitator and
upstream of COHPAC.

The sorbent required for a given mercury removal, targeted at 50%, 75%, and 90% removal, was
slightly less than predicted. In long-term testing (over a period of one week) almost 80%
removal was achieved using 1.5 Ib/MMacf of Darco FGD injection. This resulted in the
maximum acceptable bag-cleaning frequency of about 1.5 pulses/bag/hour.

Ash analysis showed that the ash/sorbent byproduct of mercury control passed a standard TCLP
test, enabling the routine disposal method for Unit 3, consisting of sending the ash to on-site ash
ponds for future landfilling. Economics for a permanent full-scale system on Unit 3 were
developed. These costs are contingent on factors such as bag life, which can be evaluated further
with a longer term test covering several months.
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INTRODUCTION

In December 2000 EPA announced the intent to regulate mercury emissions from the nation’s
coal-fired power plants. In anticipation of these regulations, a great deal of research has been
conducted during the past decade to characterize the emission and control of mercury
compounds from the combustion of coal. Much of this research was funded by the Department
of Energy, EPA, and EPRI. The results are summarized in the comprehensive AWMA Ceritical
Review Article'. As a result of these efforts, the following was determined:

Trace concentrations of mercury in flue gas can be measured relatively accurately;
Mercury is emitted in a variety of forms;

Mercury species vary with fuel source and combustion conditions; and

Control of mercury from utility boilers can be both difficult and expensive.

P

This latter point is one of the most important and dramatic findings from the research conducted
to date. Because of the large volumes of gas to be treated, low concentrations of mercury, and
presence of difficult to capture species such as elemental mercury, some estimates show that
90% mercury reduction for utilities could cost the industry as much as $5 billion per year'. Most
of these costs will be borne by power plants that burn low-sulfur coal and do not have wet
scrubbers as part of the air pollution equipment.

With regulations rapidly approaching, it is important to concentrate efforts on the most mature
retrofit control technologies. Injection of dry sorbents such as powdered activated carbon (PAC)
into the flue gas and further collection of the sorbent by ESPs and fabric filters represents the
most mature and potentially most cost-effective control technology for power plants. However,
all of the work to date has been conducted using bench-scale and pilot experiments. Although
these reduced-scale programs provide valuable insight into many important issues, they cannot
fully account for impacts of additional control technology on plant-wide equipment.

Therefore, it is necessary to scale-up the technology and perform full-scale field tests to
document actual performance levels and determine accurate cost information. Under a
DOE/NETL cooperative agreement, ADA-ES is working in partnership with PG&E National
Energy Group (NEG), We-Energies, a subsidiary of Wisconsin Energy Corp., Alabama Power
Company, a subsidiary of Southern Company, and EPRI on a field evaluation program of sorbent
injection upstream of existing particulate control devices for mercury control”.  Other
organizations providing cost share to this program are Ontario Power Generation, First Energy,
Cinergy, Duke Power, Northern Indiana Public Service Company, MidAmerican Energy
Company, LG&E Corporation, Hamon-Research Cottrell, TVA, Kennecott Energy, and Arch
Coal. Team members include EPRI, Apogee Scientific, URS Corporation, Energy &
Environmental Strategies, Reaction Engineering, Southern Research Institute, Hamon Research-
Cottrell, Environmental Elements Corporation, Norit Americas, and EnviroCare International.

This report is the Final Report presenting results from the first of these field test programs,
conducted at Alabama Power Company’s E.C. Gaston Electric Generating Plant.
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DESCRIPTION OF OVERALL PROGRAM

The Department of Energy’s National Energy Technology Laboratory (NETL) is the primary
funding agency on an industry cost-shared test program to obtain the necessary information to
assess the costs of controlling mercury from coal-fired utility plants that do not have scrubbers
for SO, control. The method for mercury control evaluated in this program is the injection of dry
sorbents, such as activated carbon, upstream of the existing particulate control device on a full-
scale system. The economics are developed based on various levels of mercury control at four
different host sites. The four sites, shown below, fire a coal type and have particulate control
equipment that are representative of 75% of the coal-fired generation in the United States.

Test Site Coal Particulate Control
PG&E NEG Low S. Bituminous Cold-Side ESP
Salem Harbor

PG&E NEG Low S. Bituminous Cold-Side ESP
Brayton Point

We-Energies PRB (Subbituminous) | Cold-Side ESP
Pleasant Prairie

Alabama Power Low S. Bituminous Hot-Side ESP
Gaston COHPAC FF

Gaston Unit 3 was chosen as one of the test sites because COHPAC represents a cost-effective
retrofit option for utilities with electrostatic precipitators (ESPs). COHPAC is an EPRI-patented
design’ that places a high air-to-cloth ratio baghouse downstream of an existing ESP to improve
overall particulate collection efficiency. Building on the COHPAC invention, EPRI has also
patented TOXECON®, which adds sorbent injection upstream of COHPAC, for control of air
toxics. The advantages of this configuration are:

1. Sorbents are mixed with a small fraction of the ash (nominally 1%), reducing the impact on
ash reuse and waste disposal.

2. Pilot plant studies and theory’ indicate that compared to ESPs, baghouses require one-tenth
the sorbent to achieve similar removal efficiencies.

3. Capital costs for COHPAC/TOXECON are less than other options such as replacing the ESP
with a baghouse or larger ESP.

4. COHPAC requires much less physical space than either a larger ESP or full-size baghouse
system.

5. Outage time can be significantly reduced with COHPAC systems in comparison to major
ESP rebuilds/upgrades.

In addition Gaston Unit 1, which has a similar configuration to Unit 3, showed in EPA ICR

testing that marginal mercury removal is realized across the particulate control system in a
baseline condition.® This makes TOXECON a practical solution.
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The overall program has 12 technical tasks. Tasks 2 through 9 are specific for each of the field
evaluations and Tasks 1, 10, 11 and 12 are common tasks in support of all the test sites. The
technical tasks are shown on Figure 1.

Figure 1: Outline of Overall Program Technical Tasks

Repeat for Each Test Site

Task 1. Design and Fabrication of Transportable
Mercury Control System

»l

v

Task 2. Kickoff Meeting, Test Plan and Program
Management Plan

l

Task 3. Sorbent Selection

'

Task 4. Design and Fabrication of Site-Specific
Equipment Needs

:

Task 5. Field Testing

v

Task 6. Data Analysis

v

Task 7. Waste Characterization

v

Task 8. Design and Economics of Site-Specific
Control System

!

Task 9. Prepare Site Report

A

v

Task 10. Information Collection Request (ICR)
Data Integration and Economic Analysis

.

Task 11. Technology Transfer

v

Task 12. Equipment Disposition Plan

v

Task 13. Final Report

This program is funded through a cooperative agreement between the Department of Energy
National Energy Technology Laboratory (NETL) and ADA Environmental Solutions, LLC
(ADA-ES). The agreement includes a requirement that industry cost share this program at a
minimum of 33%. The primary industry cost share partners for the Gaston tests were:

Report No. 41005R11

Alabama Power Company

EPRI

Hamon Research-Cottrell

ADA-ES

Norit Americas, Inc. \ Ontario Power
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As well as a consortium of EPRI TC members:

Cinergy Corp. Duke Energy Corp. | MidAmerican Energy Company

First Energy Corp. | LG&E Energy Corp. | Northern Indiana Public Service Company
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GASTON PROJECT OBJECTIVE AND TECHNICAL
APPROACH

The overall objectives of testing at Alabama Power’s Gaston Unit 3 were to determine the
achievable mercury control level, cost and impacts of sorbent injection into the COHPAC
baghouse for mercury control. The evaluation was conducted on one-half of the gas stream,
nominally 135 MW. The side chosen for testing was B-side. A-side was monitored as the
control unit.

To achieve the overall objective, the program was designed with an extensive field evaluation,
laboratory testing, and analysis effort. This report presents the results of these efforts.

SITE DESCRIPTION

Alabama Power Company, a subsidiary of Southern Company, owns and operates the E.C.
Gaston Electric Generating Plant located in Wilsonville, Alabama. The plant has four 270 MW
balanced draft and one 880 MW forced draft coal fired boilers. All units fire a variety of low-
sulfur, washed, eastern bituminous coals.

The primary particulate control equipment on all units are hot-side ESPs. Units #1 & #2 and
Units #3 & #4 share common stacks. In 1996 Alabama Power contracted with Hamon Research-
Cottrell to install COHPAC downstream of the hot-side ESP on Unit 3. This COHPAC system
was des9igned to maintain Unit #3 & #4’s stack opacity levels below 5% on a six-minute
average .

The COHPAC system is a hybrid pulse-jet cleaned baghouse designed to treat flue gas volumes
of 1,070,000 acfm at 290°F (gross air-to-cloth ratio of 8.5 ft/min with on-line cleaning). The
COHPAC baghouse consists of four (4) isolatable compartments, two compartments per air-
preheater identified as either A- or B-Side. Each compartment consists of two bag bundles, each
having a total of 544, 23-foot long, polyphenylene sulfide (PPS) felt filter bags, 18 oz/yd
nominal weight. This results in a total of 1,088 bags per compartment, or 2,176 bags per casing’.
The evaluation was conducted on one-half of the gas stream, nominally 135 MW. The side
chosen for testing was B-side. A-side was monitored as the control unit for operational
comparisons.

The hot-side ESP is a Research-Cottrell weighted wire design. The specific collection area
(SCA) is 274 ft*/1000 acfm. Depending on the operating condition of the hot-side ESP,
nominally 97 to 99+% of the flyash is collected in the ESP. The remaining flyash is collected in
the COHPAC system. The average inlet particulate mass concentration into COHPAC between
1/97 and 4/99 was 0.0413 gr/acf’. Hopper ash from both the ESP and the baghouse is sent to a
wet ash pond for disposal. A hydrovactor system delivers the flyash to the pond.

Figure 2 shows a diagram of the location of the various components of the air pollution control
train. Alabama Power’s design parameters for Gaston Unit 3 are presented in Table 1. For the
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mercury control program, carbon-based dry sorbents were injected upstream of COHPAC,
downstream of the ESP over an eight week period. This amounts to a TOXECON configuration.

Figure 2. Flow Schematic of Gaston Unit 3, Showing Injection and Measurement Locations

E. C. Gaston Unit 3

Boiler Outside
@ = Mercury Analyzer
Location
Boiler :
A Hg Stack
V'V COHPA
Grade Level

Activated Carbon Injection
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Table 1. Site Description Summary, Gaston Unit 3.

Parameter Identification Description
Boiler Manufacturer B&W wall-fired
Burner Type B&W XCL
Low NOx Burners Yes
NOx Control (Post Combustion) None
Temperature (APH Outlet) 290°F

Coal (Typical — this unit fires a
variety of coals)

Type Eastern Bituminous

Heating Value (Btu/lb) 13,744

Moisture (%) 6.9

Sulfur (%) 0.9

Ash (%) 13.1

Hg (ug/g) 0.06

Cl (%) 0.03

Control Device

Type Hot-Site ESP with COHPAC
ESP Manufacturer Research Cottrell

Design Weighted Wire

Specific Collection Area (ft*/1000afcm) | 274

Flue Gas Conditioning None

Baghouse Manufacturer Hamon Research-Cottrell
Design Pulse-Jet, Low Pressure — High Volume
Air-to-Cloth Ratio (acfm/ft) 8.5:1 (gross), On-Line Cleaning

FIELD AND LABORATORY EVALUATION

The critical elements of the site evaluation were the actual field tests and measurements, which
relied upon accurate, rapid measurements of mercury concentration and an injection system that
realistically represented commercially-available technology.

Near real-time, vapor-phase mercury measurements were made using a Semi-Continuous
Emissions Monitors (S-CEM) designed and operated by Apogee Scientific. This instrument was
developed with EPRI funding to facilitate EPRI research and development efforts'®. Multiple S-
CEMs were used. The locations of the analyzers are shown on Figure 2. The S-CEMs operated
continuously for over seven weeks, providing speciated, vapor-phase mercury concentrations at
the inlet and outlet of COHPAC.
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Norit Americas supplied a portable, dilute-phase pneumatic injection system that is typical of
those used at Municipal Solid Waste (MSW) facilities for mercury control with activated carbon.
ADA-ES designed the distribution and injection components of the system.

A Test Plan for this program at Plant Gaston was developed prior to commencing testing."'
Meetings were held with plant, project and environmental personnel to finalize the scope and
logistics of the test program. The program was initiated on an unusually short schedule, with the
decision to go forward occurring in December 2000 and initial tests taking place in January
2001. In spite of this short schedule, ten sorbents were laboratory-screened, eight sorbents were
field-screened, and five sorbents were tested full-scale. This project came together in the short
time frame because of the extraordinary efforts of the team, particularly support from Alabama
Power and from Apogee.

The overall schedule for equipment installation and tests conducted for the Gaston Unit 3
evaluation is shown in Table 2.

Table 2. Schedule of Gaston Unit 3 Mercury Control Evaluation

Test Description Dates (2001)
Pre-Baseline Measurements January 18 - 26
Sorbent Screening Tests (lab) January 1 - 20

Sorbent Screening Tests (field) January 25 - 29
Equipment Installation February 19 — March 1
Leaching Test March 1 -3

Baseline Tests March 5 -7
Parametric Test Week 1 March 12 - 16
Parametric Test Week 2 March 19 — 23
Parametric Test Week 3 March 26 - 30

Long Term Test (Darco FGD) April 17 —27
Re-Test of Insul and Fine FGD April 28 and 29
Ash / sample and data analyses March 2001 — June 2002

The following sections describe each component of the program; laboratory and field test results
are presented under the appropriate subsections below.

Site-Specific Equipment Description

Sorbent requirements for various levels of mercury control were predicted based on empirical
models developed through EPRI funding’. The values used were based on a uniform sorbent size
of 15 microns (this corresponds well to the size of commercially-available PAC) and a bag
cleaning frequency of 2 pulses/bag/hr (also assumed all bags were cleaned at the same time when
in practice, the bags are cleaned in sections or rows). Rates used to design equipment for the
Gaston test are presented in Table 3. The system was sized for a maximum injection rate of 100
Ib/h. Equipment was installed the weeks of February 19 and 26.
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Table 3. Predicted Injection Rates for FGD Carbon on B-Side of COHPAC*

Target Hg Removal Predicted Injection Predicted Injection
Efficiency Concentration Rate”
(%) (Ib/MMacf) (Ib/h)
50 0.5 <30
75 1.5 45
90 3.0 90

a. Injection rate based on nominal flow at full load of 500,000 acfm.

Figure 3 is a picture of the portable injection skid supplied by Norit Americas and installed for
injection into Plant Gaston Unit 3B. Activated carbon delivered to the plant in 900 1b supersacks
was loaded onto the skid by a hoist. The sorbent was metered by a variable-speed screw feeder
into the conveying line. A blower/eductor provided the motive force to carry the sorbent ~100 ft

to the injection point.

Sorbent was pneumatically conveyed via flexible hose from the feeder to a distribution manifold
at the injection level and injected into the flue gas through six injection probes (three/duct).
Figure 4 is a photograph of the distribution manifold. The injection system operated without

plugging while injecting carbon based products with D50 particle size of 15 micron.
distribution system plugged once while feeding a finer material with a D50 of 6-7 microns.

Figure 3. Carbon Injection Skid Installed at Plant Gaston
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Figure 4. Distribution Manifold for Injection Lances at Plant Gaston

Sorbent Selection and Screening

Because of the economic impact of sorbent cost on the overall cost of mercury control, it is
desirable to find less expensive sorbents. Many groups, including team members EPRI, URS
Corporation (URS), and Apogee, have conducted extensive studies on this issue and have
developed methods to quickly and economically screen potential sorbents.

The test plan included time to evaluate several sorbents. It was expected that alternative sorbents
would be chosen from several different potential sorbent types and suppliers. In some cases it is
of interest to consider using ash with high LOI from plants within the host sites’ system. In other
cases it is of interest to consider sorbents that provide site specific benefits. The procedure for
sorbent screening is first to assess whether a sorbent meets the economic and availability criteria
below, then to include the sorbent in laboratory screening to determine its capacity. Following
these tests, promising sorbents can then be included in the field test program. If initial screening
shows good results and the sorbent is available, more extensive field testing, including duct
injection, may be performed.

Sorbent Selection Criteria

The future market for mercury sorbents is potentially very large and this program provides the
first opportunity for suppliers to have sorbents evaluated full-scale. To follow the intent of
NETL in choosing sorbents (to test commercially- or near commercially-available products), a
sorbent selection criteria was developed so that sorbent vendors/developers could clearly
understand the needs and requirements of this program. A draft of the sorbent selection criteria
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is included in the Gaston Test Plan''. In summary an alternative sorbent supplier must show that
the sorbent will:

Cost at least 25% less to use than FGD carbon;

Be available in quantities of at least 15,000 1b and 250,000 Ib for site tests;

Be available in sufficient quantities to supply at least 1000 tons per year by 2007; and

bbb

Have a capacity of at least 100 pg/g as measured in the laboratory by URS Corporation.
Sorbents Selected for Laboratory Screening Tests

Fixed bed mercury capacity tests were conducted by URS on 10 different sorbents that were
considered potential sorbents for full-scale testing at Gaston. A list of the sorbents tested prior to
the start of the full-scale field tests and a brief description of each are presented in Table 4. The
table also shows which of these sorbents were then included in field screening. Both Laboratory
and Field sorbent test results are presented below under the “Results” section. The three
categories of sorbents tested are described below.

Norit-supplied PACs: Norit America’s Darco FGD powdered activated carbon was considered
the benchmark sorbent because of its wide use in DOE/EPRI/EPA sponsored studies. Three
alternate Norit sorbents were also selected for the laboratory screening tests. These sorbents
were a lower activity FGD (FGL), a bituminous-based activated carbon, and a subbituminous
activated carbon.

Gaston ash: Fly ash collected in the hot-side ESP upstream of the COHPAC baghouse has an
average carbon content (as indicated by loss-on-ignition, or LOI testing) between 10 and 20%.
Because of the high LOI, this ash was also considered a potential sorbent. Tests were conducted
to determine if this ash could be collected, processed (size segregated) and reinjected as a
sorbent.

Ash collected from the COHPAC baghouse was tested to help understand the low baseline
mercury collection efficiency of the baghouse.

TDA-supplied sorbents: TDA Research, a company developing clay based sorbents through
DOE funding, made arrangements to have three of their sorbents tested.
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Table 4. Sorbents Selected for Laboratory Fixed Bed Testing and for Slipstream Tests

NAME SUPPLIER DESCRIPTION PRIMARY LAB SLIP-
BENEFIT STREAM

Darco FGD Norit Lignite derived Benchmark X X
Americas activated carbon Sorbent, high
Inc. capacity

FGL Carbon Norit Lower activity, lignite | Lower cost X X

M-1182 Americas derived activated

Inc. carbon

GAC 1240 Norit Bituminous coal Alternate carbon X Combined
Americas derived activated based product sample
Inc. carbon tested in

GAC 830 Norit Subbituminous coal Alternate carbon X ﬁelg](gPAC
Americas derived activated based product )
Inc. carbon

ESP Flyash Gaston Hot-side ESP hopper | Reuse of site ash, X X

sample lower cost
ESP Flyash Gaston Hot-side ESP hopper | Reuse of site ash, X X
+200 sample separated to | lower cost
+200 mesh

COHPAC Gaston COHPAC Hopper | Measure capacity X

Flyash Ash

TDA421-A TDA Non-carbon based Lower cost, non- X
Research carbon

TDA421-B TDA Non-carbon based Lower cost, non- X X
Research carbon

TDA421-C TDA Non-carbon based Lower cost, non- X
Research carbon

The laboratory mercury adsorption tests were carried out by URS using similar, simulated gas
conditions. Gas conditions were chosen based on coal and operating conditions at Gaston. Test
conditions were:

Report No. 41005R11

SO; (ppm) 600 NOy (ppm) 200
HCI (ppm) 5 H,0 (%)
CO, (%) 12 O (%)
Hg* (ug/Nm”) 50 Temperature (°F) 275
* Target concentration
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Field Tests

The field tests were separated into four different test phases:

Pre-baseline and Sorbent Screening;
Baseline and Leaching;

Parametric Tests; and

Long-Term Tests.

b S

Test methods are described first, and then each of these phases of testing is described in the
subsections below.

1. Test Methods used in Field Testing at Gaston

For testing at Gaston Unit 3 the team generated a document entitled “Quality Assurance Project
Plan for Performance Evaluation,” (QAPP) which is included as Appendix A. This document
includes the test methodology and quality control procedures used. Detailed descriptions of the
Ontario-Hydro method field sampling and laboratory analyses are included. Also included in the
QAPP is a detailed description of the S-CEM method used for continuous mercury monitoring.
These were the two methods used to measure mercury during the field tests.

EPA Method 17 was used to determine particulate loading at the inlet to COHPAC during
baseline testing. Standard EPA methods 2, 3, and 4 were also followed as described in the
QAPP.

Three measurement locations were used as depicted on Figure 2. These are the inlet to the hot-
side ESP and the inlet and outlet of COHPAC.

2. Pre-baseline Measurements and Sorbent Screening

The first field measurements were made prior to installing the injection equipment. The
objectives for the pre-baseline and sorbent screening tests were to:

1. Measure vapor-phase mercury concentrations at three locations using the S-CEM (supplied
and operated by Apogee) to compare results with Ontario Hydro measurements made in 1999
under the EPA’s information collection request (ICR) (the ICR measurements were made
across the hot-side ESP on Unitl);

2. Document mercury emissions across COHPAC; and

3. Perform screening tests for mercury adsorption characteristics of several sorbents that had
been screened in the laboratory and were candidate sorbents for the full-scale tests.

For pre-baseline tests vapor-phase mercury measurements were made with the S-CEMs upstream
of the hot-side ESP, upstream of the COHPAC baghouse (downstream of the hot-side ESP and
airpreheater) and downstream of COHPAC, as shown on Figure 2. Measurements across the
hot-side ESP were compared to measurements made as part of Phase III of the ICR on Gaston
Unit 1. Since no previous measurements of mercury removal across the COHPAC baghouse had
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been made, these tests provided important insight for planning of the actual injection tests. All
of these tests were done under normal unit operating conditions with no duct sorbent injection.

Five carbon-based sorbents (including two Darco FGD samples), three variations of ash from
Gaston, and three non-carbon based sorbents were screened by URS in a laboratory mercury
adsorption test fixture. Eight of these sorbents were then evaluated in a similar test device on a
slip stream of flue gas at Gaston. Table 4, above, includes information on each tested sorbent. A
description of the slipstream screening device is included in the Gaston Test Plan."!

3.Leaching Test and Baseline Testing

Leaching tests, in which activated carbon was injected to ascertain how ash would be impacted
during testing, were conducted the week prior to baseline testing. The procedures are described
here. The S-CEMs were used to monitor mercury levels and removal during leaching tests.

To ensure that there would be no environmental impact on the ash pond from activated carbon-
enriched ash being transported into the pond during testing, a short test was conducted to
measure leaching properties of an ash/activated carbon sample. After equipment installation and
checkout but before any carbon was fed into the duct, arrangements were made to isolate the B-
side hoppers so carbon could be injected and not carried to the ash pond. For this test carbon
was injected for several hours on two different days. Hopper samples were removed after
several hours of operation on the second day. A composite sample was taken to Alabama Power
Company (APC) Environmental Affairs for testing. The mercury S-CEMs were operating
during this test. Appendix B (February 5 and 22 memos) contains test/schedule memos that
provide more detail on daily planning and requests for assistance from APC.

Ontario Hydro and S-CEM measurements were both used to quantify mercury removal and
emissions during baseline testing. Southern Research Institute conducted all Ontario Hydro
testing. Apogee performed all S-CEM testing. Baseline measurement locations included the
inlet and outlet of COHPAC.

Baseline tests to document current operating conditions were conducted the week before the start
of the parametric test series. During this test boiler load was held steady at “full-load”
conditions during testing hours, nominally 7:00 am to 7:00 pm. Mercury across B-Side of
COHPAC was measured using the two separate methods as described in the QAPP:

1. S-CEM (run continuously); and
2. Draft Ontario Hydro Method (triplicate runs).

In addition to monitoring mercury removal, it was also important to document the performance
of COHPAC with and without sorbent injection. This is critical to the success of sorbent
injection for mercury control in a TOXECON configuration. All tests, including baseline,
parametric, and long-term tests, included monitoring of COHPAC performance. The primary
performance indicators are:

Pressure Drop/Drag: Pressure drop and drag are both used to monitor the permeability
of the filter and dustcake. Pressure drop is a direct measurement of pressure loss across
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the fabric filters. Drag is a calculated number that normalizes pressure drop to flow by
dividing pressure drop by the air-to-cloth ratio. These values are a function of inlet grain
loading, filtering characteristics of the particulate matter, and flow and time between
cleaning. Of particular interest is the change in rate of pressure drop increase with
sorbent injection and whether pressure drop/drag returns to baseline levels when injection
is stopped.

Cleaning Frequency: Pressure drop/drag is controlled in a baghouse by the cleaning
frequency. It is expected that cleaning frequency will increase with the increased
particulate loading from sorbent injection. Cleaning frequency was monitored before,
during and after sorbent injection.

Opacity/Emissions: Cleaning frequency and particulate matter characteristics can affect
collection efficiency across the baghouse. Most emissions occur immediately following a
clean, so increasing the cleaning frequency can increase outlet emissions. The emissions
could also increase if the particulate does not form a high efficiency filter cake, but tends
to work through the fabrics.

Bag Strength: The filter bags in COHPAC are made from Ryton™ felt. The Ryton
bags at Gaston have experienced very little loss in fabric strength, as measured by Mullen
Burst tests, in the four years of operation. To assure that carbon injection will not
adversely affect fabric strength, samples of both old and new bags were pulled
periodically throughout the test. On February 26 three new bags were installed into
bundle A20 and B20, row 14, bag numbers 25, 26, and 27. One bag from each side was
removed after the parametric tests and the remaining bags were removed after the long
term tests. Bags were sent to Grubb Filtration Testing Services to measure bag strength,
by the Mullen Burst test method, and pH.

During the baseline tests, daily samples of coal, COHPAC ash and ESP ash were collected.
Triplicate EPA Method 17 particulate measurements were also made at the COHPAC inlet.

4. Parametric Testing

A series of parametric tests was conducted to determine the optimum operating conditions for
several levels of mercury control up to 90% mercury removal, via duct injection of several
sorbents, as screened by prior tests. To minimize permitting issues, only coal-based sorbents
were considered for duct injection at this site, although as described previously, some non-coal
sorbents were screened. Norit Americas lignite-based PAC, Darco FGD, was chosen as the
benchmark sorbent. Darco FGD is Norit’s standard product for mercury removal at MSW and
incineration sites. Once the parametric tests were completed, sorbent type and injection
concentration for the long term tests were chosen based on the results.

A major influence on sorbent effectiveness and performance is the size of the sorbent. There
was interest from the mercury team in testing sorbents of various sizes during the parametric test
series, and these were pursued even after parametric testing had begun. Norit was able to
provide some alternately-sized sorbents, which were included in the parametric testing although
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they had not been included in the screening tests. Two sorbents were added to the parametric
testing in this manner, one was Darco Insul (a smaller sorbent) and one was HydroDarco-C (a
larger sorbent).

Darco Insul was provided after the parametric tests were already underway and was tested briefly
during the parametric series, and again after the end of the long-term test series. It is a fine
carbon of limited availability, which is used in another industry. It is based on Darco FGD but is
chemically treated and size-separated for a smaller average size of 6-8 micrometers MMD.
Smaller sizes are of interest in sorbent testing because of typically higher capacity, reactivity,
and the potential for increased utilization predicted by mass transfer theory. The team was
interested in determining whether the chemical treatment impacted this sorbent’s effectiveness.
In response to this, Norit provided “FGD Fines,” which is similar to Insul but not treated. The
tests comparing Insul to FGD Fines was conducted following completion of the long-term test
series.

HydroDarco-C is also used in another industry and is based on Darco FGD. It is size-separated
for a larger average size of about 30 micrometers MMD. This sorbent was of interest because of
the possibility that pressure-drop impacts across the fabric filter would be reduced. It was tested
during the main parametric tests series.

During the parametric tests, the S-CEMs were used to quantify mercury control effectiveness of
each tested condition.

In all, 15 different parametric conditions were tested. The primary variables were sorbent type
and target mercury removal level (which enabled calculation of injection concentration and
injection rate, per the model previously referenced’). Other variables included COHPAC
cleaning settings and flow through the baghouse. Although lower flue gas temperatures have
been correlated with increased mercury removal, temperature was not a variable during these
tests because normal operating temperatures at this plant were between 250°F and 270°F, which
is cool enough for acceptable removal.

A summary of the parametric tests is presented in Table 5. Unless noted, all tests were
conducted with the boiler at full load conditions and COHPAC cleaning at a drag-initiate
setpoint of 0.6 inches w.c./ft/min. A description of the different carbon sorbents used in these
tests is presented in Table 6. Detailed test plans for each week of parametric tests can be found
in Appendix C in memo’s dated March 7, March 15 and March 25.
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Table 5. Summary of Parametric Test Conditions.

Test Series | Carbon Name | Target Hg Removal Efficiency (%) | Non Standard
Conditions
1-5 Darco FGD 50, 75 and 90 Standard
6-9 Norit PAC2B 50, 75, 90 Standard
10 None Baseline Standard
11 Darco Insul 90 Standard
12 HydroDarco-C 90 Standard
13 a-c Darco FGD 75 Change to pressure
drop initiate clean
14 Darco FGD 50 Lower A/C to 4 ft/min
15 Darco FGD 50 Compare to test 14 with
A/C =7 ft/min

Table 6. Description of Norit Carbons Used in Parametric Tests.

Name Description Particle Size Distribution®
D95 D50 D5

Darco FGD Lignite AC 52 15-20 <3

Norit PAC2B Subbit/Bit Blend 52 15-20 <3
of GACs

Darco Insul Fine chemically 25 6-7 <2
treated specialty
product

Fine FGD Ground FGD D90: 16 6-7 <1

HydroDarco-C | Coarser FGD 100 30 3

a. Percent of particles less than size in microns
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5. Long-Term Performance Tests

Continuous, 24-hour per day testing for five days at “optimum” plant operating conditions (most
cost-effective mercury removal), as determined from the parametric tests, was conducted to
gather data on:

1. Mercury removal efficiency over time;
2. The effects on COHPAC and balance of plant equipment of sorbent injection; and
3. Operation of the injection equipment to determine the viability and economics of the process.

Darco FGD activated carbon was the sorbent for these tests. Carbon was injected continuously
24 hours per day, for nine days. Injection rate was set by taking into consideration both mercury
removal and the projected increase in COHPAC cleaning frequency. A detailed test plan can be
found in Appendix D dated April 9.

Similar to the baseline test series, mercury was measured by both the S-CEMs and manual
methods (Ontario Hydro). These measurements were made at three locations: upstream of the
hot side ESP, and the inlet and outlet of COHPAC. COHPAC performance, coal and ash
samples, and plant CEM data were collected. During these tests an EPA audit of the manual
measurements was performed.

GASTON TEST RESULTS

Field testing on Gaston Unit 3 was concluded on April 29, 2001. The test series and dates of
testing are summarized below:

Table 7. Schedule of Gaston Field Tests

Test Description Dates (2001)
Pre-Baseline Measurements January 18 - 26
Sorbent Screening Tests (field) January 25 - 29
Leaching Test March 1 -3
Baseline Tests March 5 - 7
Parametric Test Week 1 March 12 - 16
Parametric Test Week 2 March 19 — 23
Parametric Test Week 3 March 26 - 30

Long Term Test (Darco FGD) April 17 —27
Re-Test of Insul and Fine FGD April 28 and 29

Results are presented separately for each of the series of tests in the subsections below. Results
from coal and ash analyses for all test series are presented and discussed together under “Coal
and Ash Characterization.” Cost data is provided in the final subsection “Economic Analysis.”

Report No. 41005R11 Final Site Report — E.C. Gaston Unit 3 Main Report  Page 20



Laboratory and Field Sorbent Screening Test Results

Laboratory sorbent screening results are presented in Table 8. Gaston sieved ash showed
effective capacity for both elemental and oxidized mercury. Gaston COHPAC and ESP ash
showed effective capacity for oxidized mercury. Norit GAC sorbents (bituminous and
subbituminous based) showed very high capacities for both elemental and oxidized mercury.
Capacities for the TDA samples for mercuric chloride were between 40 to 99 ng/g and for
elemental mercury between 8 and 64. Sample TDA421-B showed the best results for TDA
products.

Results from fixed bed screening tests, conducted by Apogee, on a slip stream of flue gas were
similar to the laboratory results, showing that the activated carbons had adsorption capacities 100
times greater than ash or a non-carbon-based sorbent. Figure 5 presents these results compared
to results from the laboratory tests. The TDA sample showed very low adsorption capacity when
exposed to flue gas.

In choosing sorbents for a baghouse, it is generally believed that sorbents with capacities greater
than 100 pg/Nm® will provide mercury control. However, it is also believed for baghouse
configurations that higher adsorption capacity sorbents will be more effective at similar injection
rates than lower ones because of the relatively long exposure time and good contact as flue gas
passes through the dustcake. What is not known is at what point there are diminishing returns
with higher capacities. Therefore it was of interest to consider ash, a lower capacity sorbent,
from the ESP as a potential sorbent. But because of the accelerated schedule at this site and the
safety issues involved with removing large quantities of hot ash (> 600°F) from the hoppers, it
was not possible to use Gaston ash as a candidate for duct injection testing.
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Table 8. Laboratory Fixed Bed Mercury Adsorption Capacity Test Results

Sample ID Mercuric Chloride Elemental Mercury
Equilib Capacity Equilib Capacity
@ 50 pg/Nm’ @ 50 pg/Nm®
(1 Hg/g) (nHg/g)
Screening Tests Performed Prior to Field ACI or PAC Tests
Gaston ESP Flyash 35 96
Gaston ESP +200 mesh 139 39
Gaston COHPAC ash 41 2
GAC-830 2441 2976
GAC-1240 2251 3011
FGL M-1182 1931 2278
Darco FGD M-1161 2179 1870
TDA421-A 61 N/A
TDA421-B 99 64
TDA421-C 40 8
Darco FGD (reference sample) 2852 1826
Capacity Tests Requested During Field ACI Evaluation
COHPAC Ash Samples — Parametric Tests
GAS00037 A-Side (no carbon) 18 27
GAS00038 B-Side (with Darco 50 86
FGD)
Sorbents Tested in Parametric Tests (samples taken from feed hopper)
Darco Insul 2282
Norit PAC 2B 1833
HydroDarco-C 1042
Darco FGD (reference) 1519
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Figure 5: Results from Screening Tests on Sorbents Tested in the Laboratory and on a Slip
Stream of Flue Gas from Gaston Unit 3.

Equilibrium Adsorption Capacities for Various Sorbents Tested at 275°F
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Figure 5 shows the comparison between laboratory and field (slipstream) fixed-bed test results.
Eight sorbents were tested in the field in total. Major conclusions from these results are:

e The capacities of the activated carbon sorbents were higher in the field than in laboratory
tests.

e The capacity of sieved, ground ESP fly ash was high enough to be an interesting
candidate for in-duct sorbent injection tests. Unfortunately, this was not found to be
practical for these tests because of the difficulty in extracting and handling the high-
temperature ash.

Pre-Baseline Test Results

Table 9 presents vapor-phase mercury measurements during the pre-baseline tests in January.
These results and the preliminary fixed-bed laboratory screening results were presented in a
memo dated January 24, 2001, included in Appendix B. Two S-CEM analyzers were used for
these tests. The analyzers were set-up to measure simultaneously either across the hot-side ESP
or COHPAC. Flue gas temperatures were nominally 650°F at the inlet to the hot-side ESP and
between 240 — 270°F at COHPAC inlet and outlet.
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The results show that vapor-phase mercury varied between 7 and 10 pg/dNm® at all three
locations. There was no measurable removal of vapor-phase mercury across either the hot-side
ESP or COHPAC.

These results are comparable to those made during ICR measurements on Unit 1 for total
mercury concentrations and removal efficiencies. ICR measurements showed total mercury
concentrations between 6.0 and 7.5 pug/dNm’ and no mercury removal across the hot-side ESP®.
A coal sample taken in December 2000 was analyzed for mercury by URS and showed 0.0906
ppm (about 8 ug/Nm’) of mercury. The coal sample also confirmed that measured mercury
levels were in an expected range.

It was somewhat surprising that there was no measured mercury removal across COHPAC,
especially at operating temperatures below 270°F. Review of data collected through the ICR at
other plants shows that there was significant natural mercury capture on units with baghouses
when firing bituminous coals'?. This natural collection is assumed to occur because of exposure
of the flue gas to ash on the bag dustcake. The ash at Gaston was tested for loss on ignition
(LOI) and mercury adsorption capacity by URS. Analysis of the ash showed high carbon content
throughout the total size distribution (LOI around 7% in the HESP ash and about 11% in
COHPAC ash) and an adsorption capacity that was comparable to other bituminous ashes.
However, since COHPAC is downstream of the hot-side ESP and the ESP was in excellent
condition at the time of the tests, the inlet loading was very low (0.04 gr/acf on average and less
than 0.01 during the tests, according to the BHA particulate monitors in the COHPAC inlet duct)
and there was a relatively small amount of ash present to react with mercury.

Table 9. Pre-Baseline Mercury Measurement Results (S-CEM).

Location Total Mercury Oxidized Mercury
pg/dNm’ @ 3% 0O, %
ESP Inlet 7-10 5-33
ESP Outlet/COHPAC Inlet 7-10 29 - 51
COHPAC Outlet 7-10 52-176
Mercury Removal Across ESP 0%
Mercury Removal Across COHPAC 0%

The portion of vapor-phase mercury in the oxidized state increased in the direction of flow.
There was a greater percentage of elemental mercury at the hot-side inlet (economizer outlet)
than there was at either the COHPAC inlet or outlet. The most significant oxidation occurred
across the COHPAC baghouse. Similar phenomena have been documented across baghouses
with PPS fabric bags.'”

These tests confirmed that no mercury removal is seen in the native configuration at Gaston Unit
3, making it an interesting candidate for sorbent injection.

Leaching and Baseline Test Results
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Activated carbon was injected for a short period during “leaching tests” in order to determine the
impacts on ash disposal during the full test series. These leaching tests were conducted on
March 1-3, 2001, and results are presented with graphs in the March 8, 2001 memo in Appendix
C. The S-CEMs were used to obtain mercury removal across COHPAC initially and with carbon
injection. Significant results and observations from this short-term test include:

e Inlet mercury concentration ranged from 5.8 to 10.6 ug/Nm3, consistent with pre-baseline
measurements.

e Removal of mercury across COHPAC without sorbent injection was nominal to zero.

e At a carbon injection feedrate of 100 Ib/hr, the grain loading to COHPAC was
approximately doubled. Within 30 minutes of starting injection, 88% mercury removal
was measured.

e  When carbon injection was turned off, outlet mercury removal returned to pre-test values
after 6 hours.

e COHPAC cleaned more frequently during sorbent injection (increase approximately from
once per three hours to once per hour) but returned to normal pre-test rates two hours
after sorbent injection was stopped.

The leaching test was performed in order to determine the impact of sorbent injection on ash
disposal. This was determined by TCLP tests performed by Alabama Power’s test lab. TCLP
results showed that mercury was not detected and that all measured metals were well below their
threshold limits. LOI measurements showed 10.46% LOI in the COHPAC/sorbent injection
samples. These leaching test results confirmed that the ash/sorbent mixture generated during
injection tests could be sent to the ash pond. This made ash disposal routine, rather than having
to isolate and separately dispose of the ash during sorbent injection tests.

For Baseline tests both S-CEMs and Ontario-Hydro were used to make mercury measurements.
In addition coal and ash analyses for mercury were made. These results are tabulated and
discussed in the Section below entitled “Coal and Ash Characterization.” Triplicate COHPAC
inlet particulate measurements via Method 17 were made by SRI. It appears there was a
sampling problem during the first run. Taking the average of the other two runs shows that the
COHPAC inlet particulate loading was 0.08 gr/acf during baseline tests. This is higher than
average for the site.

Results from the Ontario Hydro tests conducted by Southern Research Institute are presented in
Table 10. Similar to pre-baseline measurements, there was no measurable mercury removal
across COHPAC. The average of the inlet and outlet total mercury measurements was about 14
ug/Nm’. S-CEM measurements showed vapor phase mercury varied between 8 to 12.5 ug/Nm’.
Detailed Ontario-Hydro test results are reported by SRI in a separate report."

In addition to monitoring mercury removal, it was also important to document the performance
of COHPAC during sorbent injection. The primary COHPAC performance indicator at this site
was cleaning frequency. Pressure drop/drag is controlled by the cleaning frequency. It was
expected that cleaning frequency would increase with the increased particulate loading from
sorbent injection. Cleaning frequency was monitored before, during and after sorbent injection,
beginning during this baseline test series.
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Coal analyses showed mercury levels in the three coal samples varied between 0.06 and 0.17
ng/g. Since Gaston burns coals from several different coal sources each day it is difficult to
correlate mercury level in the coal to a specific flue gas measurement; however, the higher coal
mercury values correlate well with mercury measured in the flue gas. For example, a coal
mercury level of 0.17 pug/g is equivalent to a mercury concentration of 15.0 pg/dncm in the flue
gas.

The Ontario Hydro measurements showed oxidation across COHPAC. At the inlet the average
fraction of oxidized mercury was 61%, and increased to 77% at the outlet. Flue gas temperatures

during these tests were nominally 255°F.

Table 10: Baseline Ontario Hydro Measurements at COHPAC Inlet and Outlet

Date/Location Particulate Oxidized Elemental Total Percent

(ug/dncm") (ng/dnem") (ug/dncm") (ng/dnem") Oxidized
3/6/01 Inlet 0.0 10.7 6.1 16.9 63
3/6/01 Inlet 0.0 7.4 6.5 13.9 53
3/7/01 Inlet 0.2 8.4 4.0 12.5 67
Average Inlet 0.1 8.8 5.5 14.4 61
3/6/01 Outlet 0.0 9.4 43 13.7 69
3/6/01 Outlet 0.0 11.5 2.8 14.3 81
3/7/01 Outlet 0.0 10.1 2.3 12.4 82
Average Outlet 0.0 10.4 3.1 13.5 77

1. Normal: T = 32°F
Parametric Tests

Parametric testing showed mercury removal as a function of injection concentration and sorbent
type, and the impact of sorbent injection on COHPAC performance. The parametric test
conditions are presented above in Table 5, and the carbons described in Table 6. Feedback from
the S-CEMs was invaluable in making real-time decisions on test conditions. Examples of the
data provided from the S-CEMs are presented in Figure 6. These data are from the first week of
parametric tests, test numbers 1 — 4, with Darco FGD. Reduction in outlet mercury
concentration can be seen to correlate with relative injection rates. Each test condition was held
constant for 6-8 hours when possible.

Preliminary results from each of the three weeks of parametric tests have been presented in

memos dated March 15, March 25, and May 9, 2001, which can be found in Appendix C. The
most significant of these results are summarized here.
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Figure 6. S-CEM Mercury Measurements During the First Week of Parametric Tests with Norit
Darco FGD PAC
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Results with Darco FGD showed mercury removal efficiencies as high as 90% at injection
concentrations about 2.0 lbs/Mmacf. This is less carbon than the theoretically predicted rate of
3.0 Ibs/Mmacf’. The predicted and actual injection rates for target removals of 50, 75, and 90%
are summarized in Table 11.

Table 11. Predicted and Measured Injection Rates for Target Mercury Removals. Darco FGD
Injection.

Target Removal Predicted Parametric Test Results
Injection*
% Ib/MMacf Ib/MMacf
50 1.0 0.65
75 2.0 1.4
90 3.0 2.2

* Based on uniform sorbent size of 15 microns.

Other carbon-based products tested and described in Table 6, showed similar performance to
Darco FGD. Increasing the amount of sorbent above 2.0 Ib/MMacf did not improve removal
efficiency. Figure 7 presents mercury removal efficiencies as activated carbon injection
concentrations were varied during the parametric tests for several activated carbons. This figure
shows that mercury removal increased nearly linearly with injection rate up to 2 lbs/MMacf and
then leveled off at about 90% removal with higher injection providing no additional benefit.

As shown on Figure 7, a single test result obtained during the parametric testing showed Insul
carbon to remove 93% mercury at an injection rate of only 0.44 lb/MMacf. Follow-up testing
was conducted after the long term test series was complete to confirm this result and to test “Fine
FGD,” which is ground FGD provided by Norit. The retest of Insul did not confirm the
unusually high removal at low injection rate. Rather, the tests of both Insul and Fine FGD fall in
line with the balance of data from other carbons. They both provided about 40% mercury
removal at an injection rate of 0.5-.6 Ib/MMacf. The detailed data from these parametric tests
are provided in Appendix E.

Thus there was no measurable performance difference between the different PAC’s.
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Figure 7. Mercury Removal Trends Across COHPAC as a Function of PAC Injection
Concentrations. Measurements Made During Parametric Tests, March — April 2001.
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Carbon injection significantly increased the cleaning frequency of the COHPAC baghouse. At
an injection concentration of 2.0 Ibs/MMacf the cleaning frequency increased from 0.5 to 2
pulses/bag/hour, or a factor of 4. An acceptable cleaning frequency at this site, per Alabama
Power, is 1.5 pulses/bag/hour, to maintain good bag life. Figure 8 shows the impact of sorbent
injection on cleaning frequency.
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Figure 8. COHPAC Cleaning Frequency in Pulses/Bag/Hour as a Function of PAC
Injection Concentration. Measurements Made During Parametric Tests, March 2001
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Parametric tests were performed to vary both injection rate and sorbent type. The main effects
that were evaluated were mercury removal and baghouse cleaning frequency. The main
conclusions and observations are summarized as:

e [Each of the five sorbents tested (see Table 6) performed similarly in terms of both
mercury control and bag cleaning rate.

e The quantity of sorbent required for a given removal was somewhat less than expected.

e Mercury removal leveled off at about 90%, which corresponded to 2 Ib/MMacf of sorbent
injection.

e At this “maximum” mercury control condition, bags were cleaning at 2 pulses/bag/hour,
which is an unacceptably high cleaning rate for this site.

e At an acceptable cleaning rate of 1.5 pulses/bag/hour, about 1.0 to 1.5 Ib/MMacf can be
injected. This corresponded to about 60-80% mercury removal during these short-term
tests.
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Long-Term Tests

During these tests, carbon was injected continuously 24 hours per day, for 9 days. Based on
results from the parametric tests, Darco FGD was chosen as the sorbent and a target injection
rate of 1.5 lbs/MMacf was chosen to maintain COHPAC cleaning frequency below 1.5
pulses/bag/hour. Injection rate was determined by taking into consideration both mercury
removal and the projected increase in COHPAC cleaning frequency. An injection concentration
of 1.5 lbs/MMacf was targeted to maintain COHPAC cleaning frequency below 1.5
pulses/bag/hour.

Similar to the baseline test series, mercury was measured by both the S-CEMs and manual
methods (Ontario Hydro). COHPAC performance, coal and ash samples, and plant CEM data
were collected. During these tests an EPA audit of the manual measurements was performed.

The long-term tests started on April 18 and carbon was injection continuously until April 26.
Full load boiler conditions were held between the times of 0700 and 2000, with load under
dispatch control at other times for the first 5 days. During the three days when the Ontario
Hydro tests were conducted, full load was maintained 24 hours/day. At the beginning of this test
series time was needed to work out a COHPAC cleaning logic issue and there was a short period
when load was lowered to fix a mill problem. The final 7 days of the test were conducted at the
optimized PAC feedrate and COHPAC cleaning logic.

Three sets of Ontario Hydro measurements were made at three locations: 1) inlet of the hot-side
ESP, 2) COHPAC inlet and 3) COHPAC outlet. SRI coordinated all tests and reported the
results. Arcadis G&M Inc. conducted the hot-side measurements using an experimental in-duct,
quartz thimble to minimize sampling artifacts often seen with this method. Artifacts have been
known to occur when the particulate collected on the filter captures vapor phase mercury,
resulting in higher particulate phase mercury than is really present. Sampling artifacts from
particulate on the filter were not as much of a concern at the other two locations because most of
the particulate was already removed by either the hot-side ESP or COHPAC.

Preliminary results from these tests were presented in a memo dated May 2, 2001, included in
Appendix D. This section presents more complete final data.

Table 12 presents the results from each of the Ontario Hydro measurements. These data show
that the inlet to the hot-side ESP and the inlet to COHPAC have similar, average mercury
concentrations and speciation. The outlet mercury concentrations show the effect of carbon
injection with overall low mercury emissions for all species. Table 13 presents average,
speciated mercury removal across COHPAC. The overall average reduction in total mercury is
90%. At the outlet the predominant species of mercury is the oxidized form; however, it is still
85% less than upstream of PAC injection. Detailed results, including data sheets, from Ontario-
Hydro tests are reported separately'.

Table 14 compares the Ontario-Hydro mercury measurements to those using the S-CEM. This

table shows that the S-CEM agrees well with the Ontario-Hydro method. Comparing the
tabulated results and the graphs of S-CEM data, it is clear that the S-CEM tool is key for tracking
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mercury performance in real time as boiler and fuel changes result in variations in mercury
concentrations, as discussed below.

Figure 9 presents inlet and outlet mercury concentrations as measured by the S-CEMs, boiler
load, and PAC injection concentration during the last 5 days of the long-term test. Periods when
Ontario Hydro measurements were made are also identified. The S-CEMs indicate that mercury
removal was nominally 87, 90, and 88% during the Ontario Hydro tests. This correlates well
with the manual measurements. However, it is important to note that the S-CEMs showed that
the average mercury removal efficiency over the multi-day time period was 78%, with variations
between 36% to over 90%. This difference is probably due to varying coal and operating
conditions over time. Figure 9 also shows that during this 5-day period inlet mercury
concentration varied by nearly a factor of five. Outlet concentrations can be seen to follow the
inlet and there are times during these transitional periods when removal efficiencies are fairly
low. During the period when the Ontario Hydro tests were run, inlet mercury levels were low
and fairly steady. These tests were conducted under ideal conditions and may show the best case
condition for mercury control at this injection rate.

During the test program sorbent was injected at a constant rate with no attempt to increase
sorbent when the inlet mercury concentration increased. However, the data in Figure 9 highlight
the importance of having CEMs to use as process control for a permanent mercury control
system.

Table 12: Ontario Hydro Measurements at Hot-Side ESP Inlet, COHPAC Inlet
and COHPAC Outlet during Long-Term Carbon Injection Test.

Date/Location Particulate Oxidized Elemental Total Percent

(ug/dncm’) (ug/dncm’) (ug/dncm’) (ug/dncm’) Oxidized
4/24/01ESP Inlet® 0.5 2.7 5.2 8.3 32
4/25/01 ESP Inlet’ 0.0 6.8 34 10.2 66
4/26/01 ESP Inlet’ 0.1 6.2 2.8 8.6 66
Average ESP Inlet 0.2 5.1 3.8 9.0 55
4/24/01 COHPAC In 0.1 4.6 4.9 9.5 48
4/25/01 COHPAC In 0.4 5.2 3.1 8.7 60
4/26/01 COHPAC In 0.2 7.9 4.8 12.8 62
Average COHPAC Inlet 0.2 5.9 4.2 10.3 57
4/24/01 COHPAC Out 0.1 0.9 0.1 1.1 91
4/25/01 COHPAC Out 0.2 0.8 0.1 1.0 78
4/26/01 COHPAC Out 0.1 0.9 <0.1 0.9 93
Average COHPAC Outlet 0.1 0.8 <0.1 1.0 87

1. Normal: T = 32°F
2. Tests conducted by Arcadis using an in-stack (heated) quartz thimble.
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Table 13: Average Mercury Removal Efficiencies Across COHPAC as Measured with

Ontario Hydro Method
Sampling Location Particulate Oxidized Elemental Total
(ug/dncml) (p,g/dncml) (ug/dncml) (ug/dncml)
COHPAC Inlet 0.2 59 4.2 10.3
COHPAC Outlet 0.1 0.8 <0.1 1.0
Removal Efficiency (%) 50 86 >98 90

1. Normal: T = 32°F

Table 14. Comparison of coal-based calculations with flue gas measurements. Simultaneous S-
CEM and Ontario-Hydro measurements were taken during Long-Term sorbent
injection test. Total Hg, pg/Nm’ @ 3% O,.

4/22/01 |  4/23/01 | 4/24/01 | 4/25/01 | 4/26/01 | 4/27/01 |  4/28/01
Coal 23.8 12.3 17.7 9.5 15.6
OH' 9.5 8.7 12.8
S-CEM 10-18 7-16 7-10 5-8 10 8-12 10-14

1. Ontario Hydro Measurements at COHPAC Inlet.

Figure 9. Inlet and Outlet COHPAC Mercury Concentrations, Boiler Load and PAC Injection
Concentration During Long-Term Tests, April 2001
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The most challenging time for COHPAC performance was during the period with continuous

full-load operation and PAC injection. The cumulative cleaning frequency increased to a high of
1.3 pulses/bag/hour, but was mostly maintained at levels less than 1.0 pulses/bag/hour.
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A few new Ryton bags that were installed into both A and B side on 2/26/01 were strength-tested
following the long-term tests. They had been in place for the entire sorbent injection test
program. The results of these tests are detailed in a memo from Grubb Filtration in Appendix F.
No significant differences between the control side A and injection side B were seen in
appearance or in measurements of fabric strength or pH.

Coal and Ash Characterization

Coal and ash samples were collected daily during the baseline, parametric and long-term tests.
Gaston fires a variety of washed, low sulfur eastern bituminous coals. Because several coals can
be fired in a day, the daily coal samples will provide relative mercury concentrations, but may
not be representative of specific test periods. Since the parametric tests covered such short
periods of time, analyses of samples from this period was kept to a minimum. The main samples
analyzed were from baseline and long-term tests, for comparison of normal operation to low-
mercury operation. Selected samples were analyzed for Hg, LOI, and/or leaching characteristics.

Ash generated from the E.C. Gaston Plant is impounded using a wet ash handling system. The
ash is not currently beneficially reused, therefore the waste characterization testing was aimed at
assessing the stability of the mercury contained on the COHPAC collected materials.

The standard testing technique used for assessing hazardous waste characteristics is the Toxicity
Characteristic Leaching Procedure (TCLP, SW846-1311). The test protocol involves exposing a
100-gram sample of ash to 1-liter of acidic solution (acetic acid-or acetate based) for 24 hours.
The solution is then analyzed for several metals (including mercury) to determine how much of
each target metal was leached from the solid sample. This is an EPA test protocol.'* Results are
compared against limits established by regulation. In the case of mercury, a maximum leachable
level of 0.2 mg/liter has been established. These tests and analyses were performed during the
initial “Leaching Tests” on site. The test found that the ash / sorbent combination passed TCLP
for all regulated substances.

The synthetic ground water leaching procedure (SGLP) was developed at the University of North
Dakota Energy and Environmental Research Center (EERC) and was designed to simulate the
leaching of CUBs under important environmental conditions."” It was initially used to
characterize highly alkaline CUBs, primarily fly ash produced from the combustion of low rank
coals. The procedure was modeled after the TCLP, but allowing for disposal conditions other
than those of a sanitary landfill. Deionized water is used as the leaching solution instead of the
acidic solutions used in the TCLP. The SGLP was designed primarily for use with materials
such as low-rank coal ash that undergo hydration reactions upon contact with water. Test
conditions are end-over-end agitation, a 20:1 liquid to solid ratio and a thirteen-hour
equilibration time.

The results of analysis of the solid samples from both Baseline and Long-Term sorbent injection
tests at Gaston Unit 3 are presented here. Highlights of the results are summarized as follows:
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General Results of Coal and Ash Analyses

Characterization of the ash at Gaston Unit 3 consisted of preliminary TCLP testing for
acceptability to the plant, followed by comparative analyses for mercury, particle size
distribution and LOI on samples collected during testing. Since the ash at this site is
significantly smaller in quantity (COHPAC ash only) than ash from a full unit, and is
disposed of on-site in ash ponds for eventual landfill, analyses to determine the impacts
on byproduct use were not applicable and were not pursued. Leaching tests showed that
the ash/sorbent combination was below regulatory maximumes.

The configuration of Gaston Unit 3 is such that the majority of ash is collected in the
Hot-Side Electrostatic Precipitator (HESP), while a small fraction is collected in
COHPAC. This splitting of the ash makes a mass balance (mercury in coal=mercury in
ash + mercury emitted) virtually impossible. No mass balance is attempted here, but
trends of LOI content, mercury content, and size of ash are noted. The variation in coals
fired at Gaston adds to the unpredictability of mercury concentrations in the ash.

Coal mercury levels correspond reasonably well with mercury levels measured at the
inlet to the HESP and the inlet to COHPAC. Results from analyses of coal grab samples
are used to project mercury emissions in the duct, and these are correlated with gaseous
sampling results. Those correlations are better in some cases than others. These
discrepancies may be caused by the difficulty of obtaining a time-representative coal
sample in a unit that fires a variety of coals. The time lag between coal sampling and
firing that coal may not correspond to the test period exactly, and as seen in S-CEM data
throughout this report, inlet mercury levels vary significantly with time. Samples were
taken from the coal bunkers as they were being filled, rather than from the feeders. This
means the time lag could be 18-24 hours between the sample time and furnace.

Baseline Testing

Significant variation in the coal properties (volatile matter, Hg content) occurred during
the baseline-testing period.

The total mercury at the COHPAC inlet as measured by the Ontario Hydro method
averaged 14.5 pg/Nm® during a two-day period when the coal mercury as sampled
corresponded to 6.5 pg/Nm’. The prior day’s coal mercury corresponded to 16.4
ug/Nm’. During this same period the measurements taken by the S-CEMs showed 8 to
12.5 ug/Nm® of vapor-phase mercury. These results correspond reasonably well, but
point to the difficulty in obtaining representative coal samples for more-precise mercury
calculations.

The COHPAC A-side (control side) ash had 0.7-0.8 ppm mercury in comparison with
0.005-0.03 ppm mercury in the HESP ash during the baseline tests, indicating that
mercury is concentrated in the ash that is captured in COHPAC. The main characteristics
that may affect this difference in mercury capture are: temperature (about 255 F in
COHPAC compared with about 690 F in the HESP) and residence time.
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Long-Term Sorbent Injection Testing

e The coal for the sorbent injection tests appeared to be similar to that burned during the
baseline testing.

e LOI was higher during these tests than the baseline series, with 11.8% average LOI in the
HESP and 14.5% average LOI in COHPAC A-side (control side). These values are both
several percentage points higher than LOI during baseline tests.

e The B-side (injection side) sorbent-ash mixture showed about 30 wt% LOI as compared
to ~15 wt% LOI in the A-side (control side) ash.

e Ash samples show significant data scatter between individual mercury analyses,
reflecting the difficulty of obtaining representative ash samples. Based on an average of
five samples, the sorbent-ash mixture from the B-side (injection side) hopper contains 50
times the mercury of the A-side (control side) hopper ash, indicating removal of mercury
by sorbent across the COHPAC. A-side ash averaged 0.8 ppm mercury, compared with
0.75 ppm during baseline tests. B-side ash averaged 41.8 ppm mercury.

e (Gaston Station burns different coals and changes coal frequently. The coal mercury
content varied in the long-term testing from 0.08 to 0.2 pg/g. If the plant continues to
operate with such a wide range of mercury contents, then effective mercury control can
either be achieved by adding enough sorbent for the maximum expected mercury content
or by using a continuous mercury monitor to determine the level of mercury in the flue
gas and the amount of sorbent needed.

Appendix G contains the full writeup of coal and ash characterization results provided by Connie
Senior of Reaction Engineering, with all samples listed. Selected results are presented here. LOI
measurements of ash were carried out at PSI, while Microbeam Technologies carried out all
other analyses.

Detailed Results Discussion: Baseline Testing

Table 15 gives the results of coal analyses for the baseline testing. The plant burns more than
one coal, switching coals frequently. This may account for the large variation in the coal
properties. The coal is bituminous with about 14 wt% ash (as-received basis). The chlorine
content is very low for a bituminous coal (100-160 ppmw, dry basis). The mercury content
varied between 0.06 and 0.16 ppmw (dry basis). The notable aspect of the coal data is that the
coal properties (volatile matter, moisture, mercury content) changed markedly between 3/5 and
3/6. As mentioned above, each coal sample is a single grab sample taken from the coal bunkers,
and do not reflect a well-blended average of fired coal.
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Table 15. Baseline coal sample results (as-received basis).

ADA Sample GAS00010  GAS00014 GAS00019
MTI Sample 01-057 01-058 01-059
Date/Time 3/5/2001 0:00 3/6/2001 0:00 3/7/2001 0:00
ULTIMATE ANALYSIS (As Received):

Carbon 65.31 71.54 73.21
Hydrogen 4.07 3.58 3.66
Oxygen 5.44 1.87 0.94
INitrogen 1.70 1.56 1.58
Sulfur 1.49 1.05 0.88
IAsh 13.64 13.71 14.22
Moisture 8.35 6.69 5.51
Hg, ng/g 0.163 0.077 0.056
Cl, png/g 148.47 88.64 133.68
HHYV, Btu/lb 11,709 12,443 11,990
SO,, Ib/MBtu 2.55 1.69 1.47
Ash, 1b/MBtu 11.65 11.02 11.86
Hg, 1b/TBtu 13.93 6.19 4.65
Hg, ng/dnm3 (3%02) 19.09 8.38 5.91
PROXIMATE ANALYSIS (As Received):

Fixed Carbon 49.71 62.2 61.83
'Volatile matter 28.3 17.4 18.44
Ash 13.64 13.71 14.22
Moisture 8.35 6.69 5.51

As shown in Table 16, the Ontario Hydro measurements of total mercury at the inlet to the
COHPAC on 3/6 and 3/7 were from 13 to 17 pg/dscm. For 3/6 and 3/7, the coal analysis
indicated a total mercury concentration in the flue gas of 5-7 pg/dscm (calculated at 3% O), or
half of the Ontario Hydro measurement. On 3/5, the coal mercury was equivalent to 16 pg/dscm,
which was commensurate with the Ontario Hydro measurements (although one was not made on
that day). The lag time of firing bunker (sampled) coal may contribute to the difference between
coal and flue gas samples. S-CEM measurements showed total gaseous mercury concentrations
in the range of 8-12.5 pg/dscm at the inlet to the HESP. Since this range of gaseous mercury
concentration is similar to the total mercury based on the coal composition, there is reason to
believe that the total mercury at the HESP inlet was representative of the total mercury input to

the boiler.
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Table 16. Total mercury in flue gas at COHPAC inlet: comparison of Ontario Hydro
measurement and calculation from coal composition

ADA Sample GAS00010 GAS00014 GAS00019

MTI Sample 01-057 01-058 01-059

Date/Time 5-Mar 6-Mar 7-Mar

Coal measurements

Hg, pg/dnm’ (3%0,) 16.35 7.55 5.45

Ontario Hydro measurements

Hg, pg/dnm’ (3%0,) 16.92 12.56
13.98

The LOI was measured for the HESP hopper samples and for the COHPAC hopper samples (A-
side). The HESP ash has a moderate carbon level (~7 wt% LOI) and the carbon content of the
ash increases to ~11 wt% LOI in the COHPAC ash. The apparent increase in LOI could indicate
that the carbon is concentrated in finer ash particles that are likely to escape the HESP but be
captured by the baghouse.

The mercury content of the HESP ash was generally low and this is supported by previous
measurements that showed almost no mercury in the particulate phase at the inlet to the HESP.
In contrast, the COHPAC ash had 40 to 100 times as much mercury as the HESP ash, reflecting
the effect of lower temperatures and longer residence times in the COHPAC unit as compared to
the HESP. Table 17 shows these results in detail.

Table 17. Ash analyses from baseline testing at Gaston Unit 3.

Hg, ng/g
Sample ID (MTIID [Date/Time Sample Location|(AR) LOI, wt%
GAS00011 |01-060  [3/6/2001 15:00 [ESP Ash 0.00546 [7.1
||GASOOOI2 01-061 3/6/2001 15:20 |[COHPAC, A-side(0.672 11.8
||GASOOOI6 01-062 3/7/2001 13:30  [ESP Ash 0.0262  [7.58
||GASOOOI7 01-063 3/7/2001 14:00 |[COHPAC, A-side|0.83 11.2

Detailed Results: Long-Term Sorbent Injection Testing

The coal analyses during Long-Term tests (Table 18) suggest a lot of variability in the coal
mercury content from sample to sample. The S-CEM and Ontario Hydro measurements also
show considerable variation in the gaseous mercury in the flue gas (Table 19). Taken together,
these data suggest that there is considerable variability in the mercury content of the coal, and
that the gas phase mercury varies significantly from day to day. This has implications for
implementation of a future sorbent injection system with this particular mix of coals.
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Table 18. Sorbent injection campaign coal sample results (as-received basis).

Date/Time

Carbon
Hydrogen
Oxygen
Nitrogen
Sulfur
Ash
Moisture

Hg, ug/g
Cl, ng/g

(3%0,)

'Volatile
imatter
IAsh
Moisture

ADA Sample GAS00125
MTI Sample 01-112

GAS00144
01-116
4/24/2001

4/22/2001 12:00 12:00

66.23
3.30
4.93
1.38
1.34
15.43
7.40

0.199
211.42

HHV, BTU/Ib 11,650
SO,, Ib/MBtu 2.31
IAsh, Ib/MBtu 13.24
Hg, 1b/TBtu
Hg, pg/dnm’

17.09

23.80

26.6
15.43
7.4

ULTIMATE ANALYSIS (As Received):

63.49
3.21
4.63
1.26
1.12
18.80
7.49

0.099
248.45
11,174
2.00
16.82
8.86

12.32

PROXIMATE ANALYSIS (As Received):
Fixed Carbon 50.57

49.85

23.86
18.8
7.49

GAS00150
01-120

GAS00156
01-124

GAS00158
01-125

4/25/2001 12:004/26/2001 12:004/27/2001 12:00

72.17
3.43
3.40
1.51
1.24
12.14
6.12

0.161
132.81
12,389
2.00
9.80
13.03

17.68
56.95
24.79

12.14
6.12

70.78
3.23
3.77
1.46
1.11
13.24
6.41

0.084
111.65
12,332
1.81
10.74
6.82

9.46
56.52
23.83

13.24
6.41

68.44
3.61
4.03
1.45
1.36
14.30
6.82

0.137
140.77
11,963
227
11.96
11.45

15.61
51.94
26.94

14.3
6.82
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Table 19. Mercury in flue gas at COHPAC inlet: comparison of S-CEM gaseous measurement
and total mercury calculation from coal composition and from Ontario Hydro measurement

ADA Coal GAS0012 GAS0015 GAS0015

Sample 5 GAS00144 0 6 GAS00158

MTI Coal

Sample 01-112  01-116 01-120  01-124  01-125
19-Apr- 20-Apr- 21-Apr- 22-Apr-

Date 01 01 01 01 24-Apr-01 25-Apr-0126-Apr-0127-Apr-01

Coal Analysis 23.80 12.32 17.68 9.46 15.61

OH (COHPAC

[n) 9.57 8.69 12.88

S-CEM 14.5 18 12 12 8 7 8

The analyses of the ash samples are summarized in Tables 20 and on Figure 10. As with the
baseline samples, there was a slight increase in LOI between the HESP ash and the COHPAC A-
side ash, although the increase was not as large as that seen in the baseline testing. The B-side
ash, of course, was mixed with sorbent and showed an average of about 30 wt% LOI. It is not
surprising, that the sorbent-ash mixtures from the B-side hopper contain 10 to 100 times the
mercury of the A-side hopper ash. The data scatter between individual tests is large and is

shown in the Appendix G data.

Table 20. Summary of Ash Analyses.

Average LOI (%) Average Hg, ug/g
Location Sorbent Sorbent

Injection  Baseline Injection  Baseline
COHPAC A-side 14.5 11.5 0.81 0.75
(control side) ash
COHPAC B-side (injection side) | 29.9 N/A 41.8 N/A
ash + sorbent
HESP ash 11.8 7.3 0.94 0.016
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Figure 10. Mercury content of ash as a function of LOI for Unit 3 sorbent testing.
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Figure 10 shows the correlation between LOI and mercury content of the ash for all samples.
The high values of the mercury content of the HESP ash for the samples taken on 4/25 and 4/26
seemed inconsistent with the baseline (March) measurements of mercury in the HESP ash. The
April mercury measurements average an order of magnitude higher than the March
measurements. However, further analysis determined that these were accurate, and that the
discrepancy is probably caused by the inaccuracies of collecting ash samples in the harsh, high-
temperature, HESP hopper environment.

The conclusion is that measuring the mercury content of the hopper ash does not give a realistic
picture of the amount of mercury adsorption that takes place in the flue gas. The HESP is a
particularly challenging sample environment, with ash at hundreds of degrees and a sample
location available only at the bottom of the hopper. This limited sampling access results in a
grab sample that does not represent an average of the captured ash.

Leaching tests were also performed. Samples from Gaston’s COHPAC B hoppers were leached
at EERC using the standard TCLP procedure and also the synthetic groundwater leaching
procedure (SGLP). They were also subjected to sulfuric acid leaching (SAL) at a pH of 2,
following procedures similar to TCLP and SGLP. This is an extreme condition that might
simulate acid mine drainage. One duplicate measurement was made for the TCLP procedure and
one for the SGLP procedure. Table 21 gives the leaching results from EERC. With one
exception, all of the results (in terms of Hg in leachate) were below the detection limit of 0.01
mg/L. Compare this with the total mercury in ash, Table 20, which averaged almost 42 pg/g.
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Table 21. Leaching results (EERC).

Inj.Rate Hg in Leachate (mg/L or ppbw)
Plant Sample Type | Location [lb/MMacf] TCLP SGLP SAL
Gaston | COHPAC Ash| B-Side 1.5 0.01 <0.01 <0.01
Gaston | COHPAC Ash| B-Side 1.5 <0.01
Gaston | COHPAC Ash| B-Side 1.5 <0.01 <0.01 <0.01

Economic Analysis

After completion of testing and analysis of the data, the requirements and costs for full-scale,
permanent commercial implementation of the necessary equipment for mercury control using
sorbent injection technology have been determined. The cost of process equipment that is sized
and designed based on long-term test results for approximately 65-90% mercury control and on
the plant specific requirements (sorbent storage capacity, plant arrangement, retrofit issues,
winterization, controls interface, etc.) has been estimated. The system design was based on the
criteria listed in Table 22.

Table 22. System Design Criteria for Mercury Control System at Gaston Unit 3.

Parameter

Number of Silos 1
Number of injection trains 2
Design feed capacity/train 100
Operating feed capacity/train (Ib/hr) 40
Sorbent storage capacity (Ibs) 50,000
Conveying distance (ft) 250
Sorbent Powdered Activated Carbon

Aerated Density (Ib/ft3) 18

Settled Density (Ib/ft3) 34

Particle MMD (microns) 18

System Description

The permanent commercial Activated Carbon Injection (ACI) system will consist of a bulk
storage silo and a dilute phase pneumatic conveying system. Figure 11 is a process diagram of
the ACI system. Norit Americas, Inc. provided a detailed quote for this equipment, the quote is
included in Appendix H.

PAC sorbent will be received in 40,000 1b batches delivered by self-unloading pneumatic bulk
tanker trucks. The silo is equipped with a pulse jet type bin vent filter to contain dusting during
the loading process. The silo is a shop-built, dry-welded tank with twin mass flow discharge
cones equipped with air fluidizing pads and nozzles to promote powder flow. Point level probes
and weigh cells monitor sorbent level and inventory. Silo sizing was based on the capacity to
hold 1.25 truckloads of PAC. This will allow one week operation after the refill level has been
reached.
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The PAC is fed from the discharge cones by rotary valves into feeder hoppers. From the hoppers
the PAC is metered into the conveying lines by volumetric feeders. Conveying air supplied by
regenerative blowers passes thru a venturi eductor which provides suction to draw the PAC 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.
A programmable Logic Controller (PLC) is used to control all aspects of system operation. The
PLC and other control components will be mounted in a NEMA4 control panel. The control

panel, MCCs and disconnects will be housed in a pre-fabricated Power and control building
located adjacent to the silo.
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Figure 11. Diagram of Activated Carbon Injection System for Gaston Unit 3.
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Balance of Plant Requirements

Some modifications and upgrades to the existing plant equipment will be required to
accommodate the ACI system. These include upgrades to the electrical supply at Gaston to
provide new service to the ACI system. Instrument air, intercom phones and area lighting will
also be required.

Cost and Economic Methodology

Costs for the Sorbent storage and injection equipment were provided by Norit-Americas (Norit)
based on the design data in Table 22. Norit has built and installed dozens of these systems at
waste-to-energy and incineration plants. ADA-ES provided costs for the distribution manifold,
piping and injection lances. Norit also provided an installation man-hour estimate and crane-
hour estimate that were used to develop the installation costs for the Norit Equipment along with
an estimate for foundations including pilings.

EPRI TAG methodology was used to determine the indirect costs. A project contingency of 15%
was used. Since the technology is relatively simple and well-proven on similar scale, the process
contingency was set at 5%. ACI 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 operating labor requirement of 4 hours per day was
estimated to cover the incremental labor to operate and monitor the ACI system. The annual
maintenance costs were based on 5% of the uninstalled equipment cost.

Levelized costs were developed based on a 20 year book life and are presented in constant
dollars.

More detailed cost information in all categories, including labor rate assumptions, etc., are
included in Appendix H.

Capital Costs

The uninstalled ACI storage and feed equipment costs for a sorbent concentration of 1.5
Ib/MMacf (shown to provide between 65 and 90% control in parametric and long-term tests) are
estimated at $345,000+ 10%. The estimated cost for a sorbent injection system and storage silo
installed on 270 MW Unit 3 is $816,000 and includes all process equipment, foundations,
support steel, plant modifications utility interfaces, engineering, taxes, overhead and
contingencies. Table 23 briefly summarizes the capital and O&M costs.
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Table 23. Capital and Operating & Maintenance Cost Estimate Summary for ACI System on
Gaston Unit 3. Annual Basis 2003.

CAPITAL COSTS SUMMARY

Equipment $345,000
Site Integration (materials & labor) $120,000
Installation (ACI silo and process $ 90,000
equipment)

Taxes/Freight $ 27,900
Indirects/Contingencies $233,160

Total Capital Required $816,060

OPERATING & MAINTENANCE COSTS SUMMARY

Sorbent @ $.50/1b $245,280
COHPAC Bag Replacement: 2-yr rather $ 53,600
than 4-yr basis (incremental cost)

Other Misc. Costs $100,615
Waste Disposal None Assumed

Annual O&M for 2003 $399,495

Operating and Levelized Costs

The most significant operational cost of ACI is the PAC sorbent. Sorbent costs were estimated
for nominally 65-90% mercury control based on the removals during parametric and long-term
PAC injection concentration of 1.5 Ibs/MMacf. For Gaston Unit 3, this would require an
injection rate of nominally 80 Ibs/h. Assuming a unit capacity factor of 70% and a delivered cost
of $0.50/Ib for PAC, the annual sorbent cost for injecting PAC into the existing COHPAC
baghouse would be about $250,000. Other annual operating costs including electric power,
operating labor, and maintenance were estimated to be approximately $100,000.

No additional costs were included for waste disposal. This is based on the continued acceptance
of the spent PAC sorbent in Gaston’s ash pond disposal operation. Waste solids from the
COHPAC baghouse (flyash escaping the ESP + injected PAC) are estimated at between 500 and
1200 tons/year depending on the collection efficiency of the ESP.

Baghouse Impacts

The test program showed that ACI significantly changes the required baghouse cleaning
frequency. This will have a negative impact on baglife. Under normal operation, the bags at
Gaston are projected to have a 4-year bag life. The increased wear and tear from the more
frequent bag cleaning could reduce the life expectancy to 2 years, doubling the bag replacement
budget. A second option is to install higher permeability bags which should reduce pressure
drop and decrease cleaning frequency. Numerous risks are associated with the high permeability
bags including increased particulate emissions and fabric strength. A test program is
recommended to evaluate high permeability bags with PAC injection at Gaston.

Report No. 41005R11 Final Site Report — E.C. Gaston Unit 3 Main Report  Page 45



For the operating & maintenance cost estimate above, an installed cost of $100/bag was used,
and a two-year rather than four-year life was assumed.

Because of the uncertainty in quantifying the incremental bag replacement cost, and the
uniqueness of this factor to Gaston, the bag replacement cost is not included in the levelized
costs presented here. With the balance of the above factors taken into account, and with
assumptions for labor rates, power cost, and escalation factors as shown in Appendix H,
levelized costs were calculated. The first-year costs including fixed capital are $474,000.
Annual 20-yr levelized costs on a current-dollar basis are $536,000.

Based on these test program results and assuming that the operation mode of ACI into COHPAC
is sustainable, between 65 and 90% mercury control can be attained at Gaston Unit 3 for a capital
investment of $816,000 and annual current-dollar levelized costs of $536,000 (1.5 Ib/MMacf
sorbent concentration is assumed). Bag replacement costs are additional, but have yet to be
accurately determined.
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CONCLUSIONS and RECOMMENDATIONS

A full-scale evaluation of mercury control using activated carbon injection upstream of a
COHPAC baghouse was conducted at Alabama Power Company’s Plant Gaston Unit 3. This
comprehensive test program answered many questions about the potential for mercury control on
Gaston Unit 3, and also pointed to several areas in which more information is needed. This
section summarizes the test results and conclusions first, followed by recommendations for
implementation of a permanent mercury control system for the unit, should this be deemed
necessary.

e Gaston Unit 3’s HESP / COHPAC combination does not remove mercury from the flue gas
stream without sorbent injection.

e Effective mercury removal, up to 90% efficiency, was obtained for short operating periods (8
hrs) by injecting powdered activated carbon upstream of COHPAC.

e Various carbon-based sorbents that were injected upstream of COHPAC performed
nominally the same as Darco FGD, the benchmark sorbent. Some variations of sorbents that
were tested included smaller particle size, larger particle size, and sorbents derived from both
subbituminous and bituminous coals.

e A significant increase in the cleaning frequency of the COHPAC baghouse occurred with the
injection of activated carbons. At this site, the maximum acceptable cleaning frequency and
pressure drop limited the amount of sorbent that could be injected and therefore the
maximum mercury removal actually achievable. Based on these results, it will be necessary
to take into consideration the sorbent injection rate in the design of future COHPAC
baghouses and perhaps design the baghouses more conservatively.

e On average, around 78% mercury removal was obtained when PAC was injected into
COHPAC 24 hr/day during long-term tests. Mercury removal varied throughout the period
and ranged from 36% to 90%.

e To verify S-CEM measurements during the long-term tests, mercury removal across
COHPAC was measured following the draft Ontario Hydro method. Results show an
average 90% removal for the three tests periods. These results confirm the high mercury
removal measured with the S-CEMs. Agreement during test periods between the S-CEMs
and Ontario-Hydro methods was very good.

e Actual mercury removals were slightly higher (or amount of sorbent required is slightly
lower) than, but in reasonably close agreement with, theoretical model predictions for 80 to
90% removal (1.5 to 2 vs 3 Ibs/MMacf), considering that the model is based on a uniform
PAC particle size of 15 microns when in fact the actual FGD carbon used has a wide size
distribution with significant numbers of particles below 15 microns’. The model also
assumed a cleaning frequency of 2 pulses/bag/hr (all bags cleaned at the same time) whereas
the bags were actually cleaned at ~ 1 to 2 pulses/bag/hr (bags cleaned 15 (one row) at a time)
during the tests.
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e Sieved, ground HESP flyash showed a high enough mercury adsorption capacity in
laboratory tests to be of interest for further testing. Managing the extraction and processing
of this high-temperature product was beyond the scope of this testing.

e TCLP testing of the ash with sorbent injection showed that it passed all regulatory limits, and
could be sent to Gaston’s ash pond for future landfill.

e Bag strength and pH were unaffected in these short-term tests.

e (Capital cost for the equipment to control mercury at the 270 MW Gaston Unit 3 is estimated
at $816,000 installed. Major operating and maintenance costs in addition to the cost of
sorbent include bag replacement (shorter bag life is expected). The capital cost of this system
is scalable upwards but not significantly scalable downwards, since this system represents a
relatively low sorbent consumption and storage. The basic components of the system do not
decrease in number as the sorbent demand decreases.

e Total O&M cost including sorbent and bag replacement is estimated to be $400k for 2003 for
65-90% mercury control.

e More-frequent, blended coal and ash samples need to be obtained if a mass balance for
mercury is to be attempted.

e Additional testing over longer periods (up to a year) need to occur to determine the impact of
carbon injection on bag life (pressure drop and bag strength) and outlet particulate emissions.
This could provide the opportunity to evaluate high-permeability bags as an alternative to
extend bag life with sorbent injection.
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PART A. PROJECT MANAGEMENT
A1.0 Title and Approval Sheet
Al.1 Title

E.C. Gaston Unit 3 Sorbent Injection into COHPAC for Mercury Control: Quality Assurance
Project Plan For Performance Evaluation

NOTE: This Test/QA Plan has been structured to conform with the format of the EPA document
EPA Guidance for Quality Assurance Project Plans (EPA QA/G-5).

Al.2 Approval

This Test/QA Plan has been reviewed and approved by the following program participants:

ADA-ES Project Manager  C.J. Bustard Date:
ADA-ES QA Manager K. Baldrey Date:
SRI QA Manager J.D. McCain Date:
Southern Co Project Eng. Larry Monroe Date:
EPA Project Representative Date:
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A3.0 Distribution List

The following is a list of individuals who will receive copies of the approved Test/QA Plan and
any subsequent revisions.

A4.0 Task Organization

This Quality Assurance Project Plan is specific to the activities of the final Performance
Evaluation, including emissions sampling, process sample analysis, and process data analysis.
The overall project organizational structure is outlined in the Project Test Plan'. For the
Performance Evaluation, the following organizational breakdown is provided.

- ADA-ES is the managing organization for the Performance Evaluation. Ms. Jean Bustard
is the Project Manager for the Gaston demonstration.

- Alabama Power Company and parent Southern Company are the host utility. Mr. David
Prater is the APC engineer assigned to this project. Mr. Larry Monroe is the project
manager for Southern Company.

- ADA-ES will coordinate the activities of the Performance Evaluation with the host
utility, Alabama Power and Southern Company. Mr. Ken Baldrey will act as Test
Coordinator and oversee quality assurance activities.

- Southern Research Institute will oversee all emissions sampling and associated laboratory
analysis, including quality assurance activities. Mr. Joseph D. McCain is the Task
Manager and QA manager for SRI.

- Analysis of Ontario Hydro samples will be supervised by SRI and performed by
Galbraith Laboratories, Knoxville, Tennessee.

- ADA-ES will coordinate gathering of process data and samples with the host utility,
Alabama Power Company. Mr. Charles Lindsey, the ADA-ES Site Project Leader, will
be in charge of this task.

- Physical Sciences, Inc. (PSI) of Andover Massachusetts will oversee analysis of all
process samples including coal, fly ash, and sorbent. Dr. Constance Senior is the Task
Manager for Gaston, as well as the other sites in the overall program.

- Analysis of process samples will be supervised by PSI and performed through

subcontract laboratories Microbeam Technologies, of Grand Forks, North Dakota, EERC
of University of North Dakota, and Hawk Mountain Labs.
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Figure 1 shows the organizations and responsibilities specific to the Performance Evaluation.
Table 1 provides a list of the key personnel who will be involved.

Project Management
Performance Test

Source Test QA/QC
ADAES Process Data QA/QC
SRI - ADA-ES
Sampling Crew Analytical (Ontario- Coal/Ash/Sorbent Process Data
Hydro) Analytical Acquisition
SRI
SRI PSI ADA-ES and APC

Coal/Ash/Sorbent Coal/Ash/Sorbent

Sampling Laboratory
Microbeam Tech.

ADA-ES and APC UND EERC

Figure 1: Performance Evaluation Organizational Chart
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Key Project Personnel for Gaston Performance Evaluation
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NAME COMPANY ROLE PHONE # CELL OR
PAGER #
Larry Monroe Southern Southern Company 205 257 5367
Company Project Engineer
David Prater Alabama Power Alabama Power 205 669 8036 334 350 6145

Project Engineer

Jean Bustard ADA-ES Project Manager 303 734 1727 303 898 5762
Charles Lindsey | ADA-ES On-site Project Lead | 205 655 6832 303 618 4860
Ken Baldrey ADA-ES Test Coordinator and | 303 734 1727
ADA-ES QA
Manager
Dr. Constance L. | PSI, Inc. Task Manager: 978 738 8233
Senior Process Sampling and
Analysis
Joseph D. Southern SRI Task Manager 205 581 2381
McCain Research Institute | and QA Manager
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AS.0 Problem Definition

AS.1 Background

This test is part of an overall program funded by the Department of Energy’s National Energy
Technology Laboratory (NETL) to obtain the necessary information to assess the costs of
controlling mercury from coal-fired utility plants that do not have scrubbers for SO, control. The
economics will be developed based on various levels of mercury control (at different
temperatures) at four different host sites.

The overall objective of this project is to determine the cost and impacts of sorbent injection into
the COHPAC baghouse for mercury control at Alabama Power’s Gaston Unit 3. The evaluation
will be conducted on 2 of the gas stream, nominally 125 MW.

Testing at Gaston is part of a field evaluation program that will implement mercury control
technologies on portions of full-scale particulate control equipment to obtain performance and
operational data, and gather samples to determine the impact of these technologies on waste
disposal and byproduct reuse.

The method for controlling mercury at Gaston will be sorbent injection. If required, mercury
removal will be enhanced by temperature control. At Gaston, it is possible to lower temperature
by opening dilution dampers located on the baghouse inlet plenums. It is desirable to evaluate
mercury removal at temperatures as low as 250°F.

A series of parametric sorbent injection tests will be conducted to determine the optimum
operating conditions for several levels of mercury control up to 90% mercury removal. Based on
results from these tests, a two-week test with one sorbent at optimized conditions will be
conducted to assess longer-term impact to COHPAC and auxiliary equipment. At this optimized
control condition, a Performance Evaluation will be conducted to assess mercury removal
efficiency.

This Quality Assurance Project Plan is specific to the activities of the final Performance
Evaluation, including emissions sampling, process sample analysis, and process data analysis.

AS.2 Process Description

Alabama Power Company, a subsidiary of Southern Company, owns and operates the E.C.
Gaston Electric Generating Plant located in Wilsonville, Alabama. The plant has four (4) 270
MW balanced draft and one (1) forced draft coal fired boilers. All units fire a variety of low
sulfur, washed, Eastern bituminous coals.

A summary of important descriptive parameters for Gaston Unit 3 is presented in Table 2.
Figure 2 is a schematic layout of the boiler and pollution control equipment.

Report No. 41005R 11 Final Site Report — E.C. Gaston Unit 3 Appendix A



Page 9 of 32

Table 2
Site Description Summary, Gaston Unit 3

PARAMETER IDENTIFICATION

DESCRIPTION

Process

Boiler Manufacturer

B&W wall-fired

Burner Type B&W CXL
Low NOy Burners Yes
Steam Coils No
Over Fire Air No
NOy Control (Post Combustion) None
Temperature (APH Outlet) 290°F
Coal
Eastern Bituminous
Type
Heating Value (Btu/Ib) 13,744
Moisture (%) 6.9
Sulfur (%) 0.9
Ash (%) 13.1
Hg (ug/g) 0.06
Cl (%) 0.03
Control Device
Type Hot-Site ESP with COHPAC
ESP Manufacturer Research Cottrell
Design Weighted Wire
Specific Collection Area (ft*/1000afcm) | 274
Flue Gas Conditioning None

Baghouse Manufacturer

Hamon Research-Cottrell

Design

Pulse-Jet, Low Pressure — High Volume

Air-to-Cloth Ratio (acfin/ft")

8.5:1 (gross)
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E. C. Gaston Unit 3

Figure 1: Overa)
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Figure 2: Process Layout

AS.2.1 Control Equipment

Figure 3 shows the particulate control layout for Gaston Unit 3. The primary particulate control
equipment on all units at Gaston are hot-side ESPs. The Unit #3 hot-side ESP is a Research-
Cottrell weighted wire design. The Specific Collection Area is 274 ft*/1000 acfm.

In 1996 Alabama Power contracted with Hamon Research-Cottrell to install COHPAC?
downstream of the hot-side ESP on Unit 3. Gaston Unit 3 was chosen for this evaluation
because COHPAC represents a cost-effective retrofit option for utilities with electrostatic
precipitators (ESPs). COHPAC is an EPRI patented concept that places a high air-to-cloth ratio
baghouse downstream of an existing ESP to improve overall particulate collection efficiency. In
this evaluation dry sorbents will be injected upstream of COHPAC, downstream of the ESP. The
advantages of this configuration are:

1. Sorbents are mixed with a small fraction of the ash (nominally 1%), which reduces the
impact on ash reuse and waste disposal;

2. Pilot plant studies and theory indicate that compared to ESPs, baghouses require 1/10 the
sorbent to achieve similar removal efficiencies; and

3. Capital costs for COHPAC are less than other options such as replacing the ESP with a
baghouse or larger ESP.
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The COHPAC system is a pulse-jet cleaned baghouse designed to treat flue gas volumes of
1,070,000 acfm at 290°F (gross air-to-cloth ratio of 8.5 ft/min with on-line cleaning). The
COHPAC baghouse consists of four (4) isolatable compartments, two compartments per air-
preheater identified as either A- or B-Side. Each compartment consists of two bag bundles, each
having a total of 544, 23-foot long, Ryton™ felt filter bags, 18 o0z/yd® nominal weight. This
results in a total of 1,088 bags per compartment, or 2,176 bags per casing.

Depending on the operating condition of the hot-side ESP, nominally 97 to 99+% of the fly ash

is collected in the ESP. The remaining fly ash is collected in the COHPAC system. Hopper ash
is sent to a wet ash pond for disposal. A hydroveyor system delivers the fly ash to the pond.

COHPAC ID

Fan
Hot —_— O O

Side Bypass
\ ESP , .................. /O_O‘

Air Heater A-Side

OO

Gas Flow Unit 4 Flue Gas =+—>
/

COHPAC
Hot Q O
Side o
ESP/ ==recfreneenafenins /—LO O

Stack

ID
Air Heater B-Side Fan

Figure 3: Elevation View of Gaston #3

AS.3 Objective

The purpose of the Performance Evaluation is to collect the necessary information to determine
control efficiency for speciated mercury during sorbent injection upstream of the COHPAC
baghouse. Data collected, once validated, will be used to evaluate the feasibility, costs, and
performance of mercury control from coal-fired boilers by sorbent injection with the
ESP/COHPAC control equipment configuration. Costing data will be expected to be of
sufficient accuracy for non-site-specific estimates (typically a +-25% margin of error built into
the estimates).
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A6.0 Project/Task Description and Schedule

A6.1 Description of the Work to be Performed

The test methodology will be similar in scope to the EPA’s 1999 Information Collection Request
(ICR) for mercury emissions measurements at selected coal-fired power plants. Measurements
will be made for elemental, oxidized, particle-bound and total mercury (collectively referred to
as speciated mercury) to assess mercury control performance. Measurements will be conducted
upstream of the COHPAC baghouse and at the COHPAC baghouse outlet. Supporting data will
also be collected for gas flow, moisture content, oxygen (O,) and carbon dioxide (CO;) as well
as data establishing the operating condition of the unit during the test. The primary test matrix is
presented in Table 3 and summarized below. Other supporting engineering data will be gathered
simultaneously that is outside the scope of this QAPP.

Triplicate measurements will be performed concurrently at the inlet and the outlet of one half (B-
side) of the COHPAC. The tests will include the following:

~ The Ontario Hydro Mercury speciation method® will be used to collect elemental,
oxidized, particulate-bound, and total mercury emissions at the inlet of the COHPAC
baghouse;

- The Ontario Hydro Mercury speciation method will be used to collect elemental,
oxidized, particulate-bound, and total mercury emissions at the outlet of the COHPAC
baghouse;

- The collected samples will be digested according to the Ontario-Hydro method and
analyzed for speciated mercury using cold vapor atomic absorption spectrometry
(CVAAS);

- Fuel samples will be collected by the routine plant composite sampling method. Refer to
Section B.2.3 for more detail on coal sampling. An ultimate and proximate analysis will
be performed on the coal along with mercury and chlorine; and

- Hopper fly ash samples will be collected from the ESP and COHPAC hoppers. Ash
samples will be analyzed for Loss on Ignition, and total mercury. COHPAC B-side ash
(w/spent sorbent) will be tested for mercury stability by the SGLP leach test and by
thermal desorption.

Supporting measurements will also be taken including:

- Measurement of oxygen and carbon dioxide concentration in the flue gas at the COHPAC
inlet and outlet using EPA Reference Method 3 (modified);

- Measurement of volumetric gas flow at the COHPAC inlet and outlet using EPA
Reference Methods 1 and 2;

- Measurement of moisture content of the flue gas at the COHPAC inlet and outlet using
EPA Reference Method 4;

- Measurement of sorbent injection rate by gravimetric calibration; and

- Process data including unit load, COHPAC process data, flue gas temperature, and stack
opacity.
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Sampling No. of Parameters Sampling Method | Sample Run Analytical Method Analytical
Location Runs Time Laboratory
COHPAC Inlet 3 Speciated Hg Ontario Hydro 120 min. EPA SW846 7470 Galbraith Laboratories
B-side (CVAAS), modified
Inlet, B-side 3 Moisture EPA 4 120 Gravimetric SRI
Inlet, B-side 3 Flow EPA1 &2 120 Pitot Traverse SRI
Inlet, B-side 3 0,/CO, EPA 3 (modified) 120 Teledyne Hastings meter SRI
02/ Fyrite C02
COHPAC Outlet B- 3 Speciated Hg Ontario Hydro 145 min. EPA SW846 7470 Galbraith Laboratories
side (CVAAS), modified
Outlet, B-side 3 Moisture EPA 4 145 Gravimetric SRI
Outlet, B-side 3 Flow EPA1 &2 145 Pitot Traverse SRI
Outlet, B-side 3 0,/CO, EPA 3 (modified) 145 Teledyne Hastings meter SRI
02/ Fyrite C02
Coal Belt Unit 3 Daily Ultimate/Proximate Grab, composite Sample daily ASTM D3684 (Hg) EERC
composite Hg, Cl in Coal Oxidative Hydrolysis Hawk Mountain Labs
Microcoulometry (Cl)
ESP Hoppers Daily Hg, LOI in Ash Grab Sample daily ASTM D6414-99 EERC
COHPAC Hoppers Daily Hg, LOI in Ash, Grab Sample daily ASTM D6414-99, SGLP EERC
Bsid Hg leachability, Hg leach test, Thermal
-side Thermal Stability Desorption
COHPAC Hoppers Daily Hg, LOI in Ash Grab Sample daily ASTM D6414-99 EERC
A-side
Plant Process Continuous | Unit Load, Stack logged data Continuous Plant Instrumentation APC
opacity, flue gas throughout test
temperature
COHPAC Process | Continuous Flue gas 1 minute logged data | Continuous Plant Instrumentation APC & SRI
temperature(s), gas throughout test

flow to B-side
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ADA-ES Sorbent 3 Sorbent injection Grab Once per OH run Calibrated screw feed ADA-ES
Injection Skid rate rotation
COHPAC Inlet Semi- Vapor phase Extractive, impinger- | Semi-continuous CVAAS Apogee Scientific
Mercury Monitor continuous | speciated mercury based
COHPAC Outlet Semi- Vapor phase Extractive, impinger- | Semi-continuous CVAAS Apogee Scientific
Mercury Monitor continuous | speciated mercury based
ESP Inlet (per 3 Speciated Hg Ontario Hydro, EPA SW846 7470 Galbraith Laboratories
EPA/SRI, outside EPA/SRI protocol and (CVAAS), modified
scope of QAPP) equipment
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A6.2 Quality Assessment Techniques

Quality assessment techniques for the Ontario Hydro tests are as prescribed in the method and
include the analysis of field blanks, reagent blanks, and spiked samples. The Task Manager
continually audits the performance of sampling team members during field-testing, and ensures
that proper equipment is being utilized according to specified protocols. In addition, EPA will
conduct a performance audit of the sampling methods.

A6.3 Work Schedule

The emissions sampling and all other plant activities at Gaston are scheduled for the week of
April 23, 2001. The subsequent laboratory analysis will be completed within the critical holding
periods, according to the individual methods. A report of the Performance Evaluation results
will be issued within 60 days of completion of sampling. The data developed will be
incorporated into the technical and economic Objectives of the project for which further reports
will be issued outside the scope of the Performance Evaluation.

A6.4 Records and Reports

A test report will be issued for the source emissions portion of the Performance Evaluation. All
data obtained will be incorporated into the overall project site report. For further information on
records and documentation management refer to Section A9.0.

A7.0 Quality Objectives and Criteria for Measurement Data

A7.1 Data Quality Objectives for Measurement Data

The overall objective for this project is to quantitatively characterize the performance of sorbent
injection for mercury control for Gaston Unit 3 under optimized control conditions.
Measurements will be conducted on 2 of the gas stream, nominally 125 MW. The critical
measurements in this program are those associated with determination of speciated mercury
concentration at the inlet and outlet of the control device (COHPAC baghouse). The data
quality objectives (DQOs) are to:

- Determine speciated mercury concentration in the flue gas at inlet and outlet of the
COHPAC baghouse with sufficient accuracy to verify the target control efficiency during

representative long-term process operation; and

- Gather representative supporting process information.
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The DQOs to meet project objectives are believed to be within the capabilities of the
measurement methods selected. The test procedures selected are standardized test methods. A
high level of quality control is inherent to these same procedures. The data quality indicator
(DQI) goals for the intended measurements are presented in Section A7.2. The QA approach for
this project will emphasize achieving these DQI goals, but will be flexible enough to draw
conclusions from data that may not meet the stringent DQI levels.

One potential issue, inherent in the project objective, is the lower detection limit of the Ontario
Hydro method. The target goal for mercury control may be as high as 90% removal. It is
expected that the total mercury concentration in the flue gas at the inlet location will be in the
range of 7 - 12 pug/Nm’. Therefore, the outlet total mercury may be as low as 0.5 pg/Nm®.
Sampling times will be extended at the outlet location to increase the measurable concentrations
in solution. In addition, the analytical procedures have been modified somewhat from the draft
method to improve detection, as detailed in Appendix A.

A’7.2 Measurement Performance Criteria

The DQI goals for bias and precision for the critical measurements associated with this project
are identical to those found in the test methodology. The inability to meet the presented DQI
goals should not adversely impact project objectives. There are no indications at this time that
these objectives will not be met.

Bias

Gaseous mercury may be adsorbed on fly ash collected on the sampling filters. Elemental
mercury may be oxidized by the fly ash on the filters.

Gaseous mercury species in flue gases that are capable of interacting with fly ash particles
collected in the front half of the sampling train can produce a positive particle-bound mercury
bias.

Particle-bound mercury existing in the flue gas may vaporize after collection in the front half of
the sampling train because of continued exposure to the flue gas sample stream and reduced
pressures during the sampling period. Such vaporization would result in a negative particle-
bound mercury bias.

For this test the particulate concentration, in particular at the COHPAC baghouse outlet, will be
very light, minimizing any potential interferences or bias due to particulate interaction.
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Sampling and Analvtical Precision

Per the draft method specification®, formal evaluation of the Ontario Hydro method was
completed with dynamic spiking of Hg’ and HgCl, into a flue gas stream. The relative standard
deviation for gaseous elemental mercury and oxidized mercury was found to be less than 11%
for mercury concentrations greater than 3 pg/Nm’and less than 34% for mercury concentrations
less than 3 pg/Nm’. In all cases, the laboratory bias for these tests based on a calculated
correction factor was not statistically significant. These values were within the acceptable range,
based on the criteria established in EPA Method 301 (% RSD less than 50%).

Sampling Precision

The precision of particle-bound, oxidized, and elemental mercury sampling method data is
influenced by many factors: flue gas concentration, source, procedural, and equipment variables.
Strict adherence to the method is necessary to reduce the effect of these variables. Failure to
assure a leak-free system, failure to accurately calibrate all indicated system components, failure
to select a proper sampling location, failure to thoroughly clean all glassware, and failure to
follow prescribed sample recovery, preparation, and analysis procedures can seriously affect the
precision of the results.

Sampling methodology will meet specific QC standards, with corrective actions, as detailed in
Table 4. Field blanks will be taken to identify any problems with reagent solutions or
contaminants.

Completeness

The target goal for completeness of critical data is 100%. All replicate runs will be verified for
acceptability of the field testing procedures. Any runs not found acceptable will be repeated.
Once collected, sample handling and holding time procedures will be adhered to such that all
samples will be delivered to the analytical laboratory in good order. Laboratory quality control
procedures will be completed to validate the sample analysis. In the event of an unacceptable
result of a QC control or blank sample, the analysis will be repeated.

Representativeness

The representativeness of each sample collected is ensured through the sampling approach.
Samples are collected isokinetically in a full traverse of the duct for each run according to
standard EPA methods. Process variables such as fuel characteristics, unit operation, and flue
gas constituents are expected to be fully representative of the overall process. Steady, full load
operation will be verified prior to each sampling run.
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Comparability

All test data will be reported in a manner consistent with the referenced methods used and using
standard units. Thus, the test data generated in the planned test program will be comparable to
data produced by both the EPA and other organizations using comparable EPA-approved
methods. Results from the Ontario Hydro tests will be directly comparable to the EPA mercury
ICR results, although somewhat more supporting information will be obtained in this project.

A8.0 Special Training Requirements/Certification

Special certification is not required for the methods to be applied in the Performance Evaluation.
However, the Ontario Hydro test protocol is a rigorous, complex sampling method that demands
experienced operators and appropriate equipment. All sampling and analytical personnel
involved have performed the identical procedures for the baseline testing in March 2001.

A9.0 Documentation and Records

All data including deliverable reports, original data sheets, and computer-generated spreadsheets,
with the exception of restricted computer software, will be available for inspection by the DOE,
EPA, and others as authorized by ADA-ES. Original data will be archived and stored for a
period of five years.

Test Operation Records

The following test operations records will be an integral part of the Performance Evaluation:

- Chain-of Custody Records;

- Daily Test Log will be kept by Test Coordinator;

- Individual runs sheets will be completed for each sampling method;

- Coal, sorbent, and ash samples will be logged into a sample tracking database; and
- Plant process data will be logged on 1-minute intervals into an archival spreadsheet.
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Reports

The following reports will be issued for the Performance Evaluation:

~  Preliminary Test Report to Project Management. A preliminary report of test
completeness, process information, and summary of pending work to complete the
Performance Evaluation will be issued to Project Management within one week of
completion of field testing.

- Emissions Test Report, SRI. A separate report will be issued for the source testing
portion of the Performance Evaluation. Report format will follow EPA’s Emission
Measurement Center (EMC) guidelines®.

- Project Site Report. The source testing report and other data from the Performance

Evaluation will be incorporated into the overall site report of all of the technical and
economic activities of the project.
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PART B. MEASUREMENT/DATA ACQUISITION

B1.0 Sampling Process Design

The Performance Evaluation will be conducted after approximately six weeks of parametric
studies of mercury control at Gaston Unit 3. The parametric tests will evaluate the effects of
different sorbents and process conditions on mercury removal efficiency. A final, optimized test
condition for a target mercury removal efficiency will be determined for the Performance
Evaluation. Unit operation will be conducted at the optimized condition 24 hours/day for at least
five days prior to the Performance Evaluation testing.

The Ontario Hydro test method will be the primary quantitative proof of mercury removal. It is
an established sampling method for mercury from coal-fired boilers and was used for all of
EPA’s mercury ICR testing. Therefore, the results obtained can be directly compared to
previously collected data from the ICR. In addition to the manual OH trains, certain semi-
continuous mercury monitors (Mercury S-CEM) will be operating at the inlet and outlet to the
COHPAC. These instruments have been developed by and are utilized extensively by EPRI
contractors. However, the sampling protocol has not been extensively verified as yet, therefore
the results from these instruments will be used as a secondary research and engineering aid.
Refer to Appendix C for further details of the instrument and sampling methodology.

A total of three concurrent Ontario-Hydro runs will be conducted at inlet and outlet to the B-side
COHPAC baghouse. Inlet sampling time will be approximately 120 minutes while the outlet
will be approximately 145 minutes. Additional sample time at the outlet is desirable in order to
improve the method’s lower detection limits. Inlet tests will not be extended beyond 120
minutes in order to ensure that the impinger solutions are not overloaded.

Each of these runs will be conducted during full Unit load (250 MW or greater) with sorbent

injected at the optimized rate. The target control efficiency for total Mercury will be at least
70%, but may be as high as 90%.

Coal samples will be tested for mercury and chlorine content in order to characterize the fuel
source and resulting mercury speciation. Composite coal samples will be collected and analyzed
for each sample day. Due to the configuration of coal transfer and limited access points at
Gaston, coal samples will be taken from the coal feed belt at the inlet to the storage bunkers. A
variety of coals are fired on any given day, however, the primary variable qualities (chlorine and
mercury content) are relatively constant within the normal range of coals.

Ash samples will be collected from the ESP hoppers, and each of: 1) COHPAC baghouse A-side
hoppers; and 2) COHPAC Baghouse B-side hoppers. The B-side fly ash will be analyzed for
stability of captured mercury by leaching tests and thermal desorption. A-side ash samples will
be available as a control for comparison if necessary.
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B2.0 Sampling Methods

B2.1 Ontario Hydro Mercury Speciation

Measurement of speciated mercury in the flue gas will be by the Ontario Hydro Method. This
method is an ASTM specification and is currently a draft EPA method®. There are several
specific exceptions to the sampling procedures of the draft method that will be implemented to
improve overall accuracy and to accommodate site-specific needs. Procedures to be employed
are included in Appendix A as the sampling-specific sections of the published ASTM method.
The exceptions to the method are highlighted by boldfaced print.

The Ontario-Hydro trains will utilize an EPA Method 17 configuration with a flexible Teflon
umbilical from probe to impinger ice bath. This configuration is a necessity at the sampling
locations on Gaston Unit 3 COHPAC due to the constricted access to the sampling ports.

Recovery of the sampling trains will be performed in a contaminant-free portable laboratory
trailer located at the site. SRI has prepared a written Standard Operating Procedure for the
mercury train recovery, included in Appendix A.

B2.2 Sampling Locations
Inlet

Sampling points at the COHPAC inlet have been selected in accordance with EPA Methods 1
and 2. A full traverse will be made across the seven inlet sampling ports with five points per
port. Sampling time at each point will be four minutes for a total run time of 120 minutes. If
mechanical interferences prevent a port from being used, the adjacent port most likely to have
similar gas flows will be substituted.

Outlet

Sampling points at the COHPAC outlet have been selected in accordance with EPA Methods 1
and 2. A traverse will be made across the sixteen outlet sampling ports with three points per
port. Sampling time will be three minutes per point for a total of 144 minutes. The traverse may
be adjusted by eliminating one port dedicated to use by a semi-continuous mercury analyzer. In
the latter event, the adjacent port most likely to have similar gas flows will be substituted.

ESP Inlet

At the request of EPA, triplicate Ontario-Hydro tests will be conducted at the Unit 3 ESP inlet,
B-side duct, using existing sampling ports. At this location there are three available sampling
ports spaced across roughly % of the duct area each. This test is outside of the scope of this
QAPP, but will be conducted simultaneously with tests at the other OH locations.
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B2.3 Coal and Ash Sampling

Coal samples will be collected at the final access into the feeder system, the coal belt inlet to
bunker for Unit 3. This is the last available sample access in the coal feed system at Gaston.
Coal off the belt at this location will be fired approximately 10 - 12 hours after entering the
bunker. Due to this limitation in coal sample availability, a composite sample will be collected
for each sample day of the Performance Evaluation, beginning one full day prior to the first test.
Plant personnel collect composite coal samples by taking a grab sample (coal scoop) from the
rotary tram over the coal bunkers every 15 minutes during each fill cycle during the day. The fill
cycle schedule is on an as-needed basis at various times throughout the day. The collected
sample of approximately five gallons will be thoroughly mixed prior to collection of smaller
laboratory coal samples.  These raw, washed coal samples will then be prepared at the
laboratory according to the standard ASTM D2013 method.

Hopper ash samples will be collected from the ESP and from the COHPAC baghouse for each
test day. Sample collection will be coordinated with plant operations in order to ensure a fresh
ash sample. ESP ash will be taken from an available access port in the ESP front field
hoppersprior to entry to the wet ash handling system. Separate ash samples will be taken for A-
side COHPAC (untreated) and for B-side (sorbent injection). There are four compartment
hoppers on each side. Fresh ash samples will be extracted from each of the four (4) compartment
hoppers for each side prior to the wet ash handling system. These samples will be composited to
produce a single integrated sample.

B2.4 Sorbent Feed Rate

A material feeder and Programmable Logic Controller automatically control sorbent injection
rate at the ADA-ES injection skid. The calibration of the solid sorbent feed rate will be verified
prior to each of the Ontario Hydro test runs. This will be verified by a tachometer reading of
screw feeder rotation. The automatic feed rate will be adjusted, if necessary, to maintain the
target rate.

B3.0 Sample Handling and Custody Requirements

A key issue in the Performance Evaluation is the integrity of the samples tested. Sample
management and tracking procedures will be implemented to ensure proper sample control,
handling, transfer, and custody. Chain-of-custody will be utilized in order to ensure the
traceability of the handling and possession of each sample from the time of collection through
the completion of analysis. Samples will be uniquely labeled upon collection and stored as
appropriate for the method.

Report No. 41005R 11 Final Site Report — E.C. Gaston Unit 3 Appendix A



Page 23 of 32

B4.0 Analytical Methods

B4.1 Ontario Hydro Mercury Speciation

A Standard Operating Procedure for the analysis of the Ontario Hydro samples is included in
Appendix A. There are some specific exceptions to the prescribed EPA Method 7470 (CVAAS)
analytical method, as detailed in Appendix A. These exceptions are designed to improve
detection limits for the method. For this test program, the level of mercury control will be as
high as 90% and total mercury concentrations of 0.5 ug/Nm3 may be achieved, making low
detection limits for the outlet samples a necessity.

B4.2 Coal Analysis

Dr. Constance Senior of PSI, Inc. will supervise analysis of all coal and ash samples. Coal
samples will be analyzed by standard ASTM methods with the requisite quality control
procedures. The raw, washed coal sample will be prepared at the laboratory according to the
standard ASTM D2013 method. Ultimate/proximate analysis and particle-bound mercury will
be tested at the Energy and Environmental Research Center (EERC) of the University of North
Dakota

Coal analysis for chlorine will be performed by an advanced procedure, Oxidative Hydrolysis
Microcoulometry, as recently investigated in a recent EPRI sponsored round-robin study of
analytical techniques for chlorine in coal®. Since this is a non-standard analytical technique, one
of the study participants, Hawk Mountain Labs, will be contracted to do this work. The method
yields significantly better precision and a much lower quantitative limit than any of the
commonly applied ASTM test methods such as D4208 Oxygen Bomb/Ion Selective Electrode
Method.

B4.3 Ash Analysis

Collected ESP hopper ash samples, COHPAC B-side ash samples, and COHPAC A-side ash
samples will be analyzed for volatile fraction (Loss-On-Ignition) and for total mercury content.
Analysis for particle-bound mercury will be by ASTM Test Method D6414-99 (CVAAS). In
addition, ash samples from the COHPAC B-side will be further tested for stability of the
collected mercury using two techniques, leaching and thermal desorption. The Energy and
Environmental Research Center (EERC) will conduct these tests. Leaching tests are done using
a method known as the synthetic groundwater leaching procedure (SGLP)’. This test is modeled
after the TCLP, but modified to allow for disposal scenarios. A shake extraction technique is
used to mix the solid sample with an aqueous solution. Aliquots of the liquid are then analyzed
after 18 hours, two weeks, and four weeks.
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Thermal desorption tests will be performed using a special test fixture that is heated using a
programmable temperature controller®. The temperature of the ash sample is ramped to 500°C at
a rate of 20°C per minute. Mercury that is released by the sample is swept to a
spectrophotometer for mercury measurement as a function of time and temperature.

B5.0 Quality Control Requirements

Specific quality control requirements are listed by method in Table 4. For each item there is a
criteria for acceptance and an associated corrective response if necessary. In addition to these
specific QC activities, the Reference test methods stipulate further routine QC that will be
adhered to.
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Method QC Item Requirement Acceptance Criteria Corrective Action
EPA 2 Pitot Tube Inspect for damage periodically during test Pitot is free from obvious damage Replace
Inspection
EPA 2 Pitot Tube Leak Check pitot and lines for leaks pre-test and | Pitot and lines to manometer must be leak Replace or repair and recheck
Check post-test free
EPA 3/CO, Minimum 3 runs per | Verify fresh fyrite fluid, sample pre-test in Fyrite CO; zero in open atmosphere test Change fluid, check Fyrite seals and sample
OH test open air through sample train train integrity
EPA 3 Pre-test check Sample pre-test in open air through sample Oxygen reading between 20 — 22% Repair or replace meter, retest
(modified)/O, train
EPA 3 Point by point Test at each traverse point Oxygen reading consistent from point to If leaks are indicated, halt OH test, check
(modified)/O, sample point sample train integrity
EPA 4 Ice Bath Ice must be present during test Ice is present Add ice
EPA 17/0OH Isokinetic Rate Check at each run 90 — 110%, avg. all points Repeat test
EPA 17/0OH Sample Train Leak | Check leak rate pre and post test and after 0.02 cfm maximum leak. Check all connections, tighten and re-check
Check any component change.
EPA 17/OH Nozzle Inspect for damage after each traverse Free of damage Replace nozzle,
EPA 17/0OH Probe/Nozzle Check at each traverse Alignment into flow Adjust
orientation
EPA 17/0H Manometer Check level periodically throughout test Level Adjust
Ontario Hydro Impinger Solutions Check of KmnO, Depletion Purple color remains in Impingers 7, 8 , 9 Increase solution in Impinger 7 and repeat
test
Ontario Hydro Impinger solution Check pre and post test No carryover of impinger solution from Repeat test
integrity one type solution to next
Ontario Hydro Train Recovery Recover train in a contamination free Recovery area must be free from potential Move recovery to cleaner area
environment contaminants
EPA 17/0OH Probe Accuracy must be checked Check calibration with ASTM Replace
Thermocouple thermometer pre-test (+-1.5% maximum
deviation)
EPA 17/0OH Barometer Calibrate field instrument against a Agreement within 0.1 in Hg Recalibrate
mercury barometer once per project
EPA 17/0OH Gas Meter Pre-test and post-test calibration against Agreement within method specification Repair and recalibrate or replace

standard
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EPA 17/OH Thimbles or Filters Clean and free of contamination Analysis of unused thimble must not Replace
contain mercury
EPA 17/OH Brushes and Clean and metal free No metal parts for any equipment used in Replace
Recovery Materials recovery
Ontario Hydro Glassware Cleaned prior to project Glassware clean and contamination free Reclean
Ontario Hydro | Reagents free from Metals analytical grade reagents Verify reagent quality from supplier Obtain metals analytical grade reagents
contamination
Ontario Hydro Purity of Water Water must be free of impurities Reagent grade, low metals, ASTM Type II Obtain new source for water
or equivalent
Ontario Hydro Field Blanks Analyze one field blank per test Field blanks must be less than 30% of Investigate source of contamination
sample values or less than reagent blank
values
Ontario Hydro Reagent Blanks Analyze one reagent blank for each Reagent blanks must be less than 10X the Determine source of contamination
reagent used per test instrument detection limit or less than 10%
of the measured sample values
Ontario Hydro CVAAS Instrument is working properly Calibrations, blanks and standards all Repair instrument
Analytical perform as expected
COHPAC Flue gas Data is representative of process operation Compare temperatures and flow rates to Investigate any significant differences
Process Data temperature(s), manual traverses obtained via Method 17
partial flow to B-
side
Sorbent Calibrated feed Sorbent feed is +-10% of target rate Check prior to each OH run Adjust feed rate and repeat check
injection rate screw rotation
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B6.0 Instrumentation/Equipment Testing, Inspection, Maintenance
Sampling equipment is routinely inspected prior to a field test in conjunction with pre-test
calibration and checkout procedures. Maintenance is routinely performed on all critical

components. In addition, backups to critical components will be available at the site in the event
of equipment malfunction during the Performance Evaluation.

B7.0 Instrument Calibration and Frequency

Sampling Equipment

Calibration of emissions sampling equipment including gas meters, manometers, pitot, nozzles
will be as prescribed in the reference EPA Methods’. The dry gas meters of the Ontario Hydro
trains will be calibrated per Federal Register Method utilizing a NIST traceable laminar flow
element or critical flow orifices. The nozzles will also undergo a pre-test and post-test
calibration. Pitot tubes and thermocouples will be calibrated pre-test only.

Analvtical Balances

The accuracy of analytical balances will be checked at least once each day of use using Class S
calibration weights.

CVAAS

Calibration and maintenance of this equipment follows procedures provided by the manufacturer
and specified in the methods used in this project. Results of these calibrations will be supplied as
part of the final report documentation.

COHPAC Process Sensors

The thermocouples and flow measuring devices installed in the B-Side COHPAC compartment
will be checked against manual traverse data taken during baseline testing (Method 17 and
Ontario Hydro) in March, 2001. Any major deviations or inconsistencies will be investigated
prior to commencement of the Performance Evaluation.

B8.0 Inspection/Acceptance Requirements for Supplies and Consumables

All reagents and solutions utilized for the Performance Evaluation will be freshly obtained,
metals analytical grade. The Ontario Hydro method specifies that field blanks of all solutions
shall be taken and analyzed concurrently with other samples. Any abnormally high background
mercury in the sampling train or impinger solutions will be identified by this procedure.
Laboratory analytical supplies will also be metals grade and blanks of prepared solutions will be
tested concurrently with actual samples.
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B9.0 Data Acquisition Requirements (Non-Direct Measurements)

Any data or reference source that is required for the Performance Evaluation that is not a
measured value will be disclosed in the overall Project Site Report. The reference will include
all pertinent information including the reference title, section, and important information taken.

B10.0 Data Management

Sampling Data

Test data will be collected and evaluated by the SRI Task Manager at the conclusion of each
Ontario Hydro run to determine acceptability of field procedures. The SRI Task Manager will
review all data for completeness, and perform selected calculation audits to ensure that the data
are valid.

COHPAC and Process Data

Process data from a dedicated data acquisition computer for the COHPAC baghouse will be
downloaded each test day. This data will be formatted into a spreadsheet log and archived for
later use. A copy of the final spreadsheet log covering the full Performance Evaluation period
will be made available to the Task Managers for incorporation into or reference for subsequent
analysis and reporting.

Other plant process data may be required from unit operators on a non-standard basis. The
ADA-ES Site Leader will be responsible for ensuring that all necessary data is collected. Log
sheets will be maintained in the Unit control room and will be collected daily by the ADA-ES
Site Leader. These will be entered into the process data spreadsheet log and made available to
the Task Managers for incorporation into or reference for subsequent analysis and reporting.

Process Samples

After collection, samples will be assigned a unique tracking number and logged into a tracking
database. Sample location and time of collection will be logged. The sample tracking database
will include all samples taken during the project and will be used in conjunction with the chain-
of-custody to organize shipments to each of the subcontract laboratories.

All electronic stored data will be posted to the ADA-ES corporate computer network under a
unique project subdirectory. The data will then be backed up as a routine function of the entire
network. In addition, an archival hard disk (zip disk) will be made. The Test Coordinator will
be responsible for all distribution and update to the archival test data.
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PART C. ASSESSMENT/OVERSIGHT

C1.0 Assessments and Response Actions

Assessment and response activities for the most part will be confined to the QA/QC procedures
required in the Test Methods. Refer to Table 4 for the expected corrective response for any
problems encountered with the critical data for this project. For the Ontario Hydro method, a
complete field blank will be taken by assembling a train at the test location, then disassembling
and recovering in the same manner as for actual samples. The recovered samples will be
analyzed along with the actual sample to document that the sampling procedures do not
introduce any mercury contamination. In addition to the field blank, a reagent (solution) blank
will be analyzed to determine if there are any potential contaminated reagents.

These blanks will isolate any mercury contamination problems in the sampling method, however,
if a problem were to be identified the response would depend on the severity of the interference.
Responses could include correcting or adjusting results for a background interference or, if the
problem was severe enough, a complete retest might be required. The Project Manager based on
the recommendations of the Test Coordinator and Task Manager will determine corrective
response for such a situation.

Laboratory quality assurance for routine ASTM coal and ash analysis will follow the methods
and recommendations of the respective laboratories.

C2.0 Reports to Management

A preliminary report of test completeness, process information, and summary of pending work to
complete the Performance Evaluation will be issued to Project Management within one week of
completion of field testing. The Project Manager will be responsible for distribution of this to
the various project participants.
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PART D. DATA VALIDATION AND USABILITY

D1.0 Data Review, Validation, and Verification Requirements

In general, all measurement data will be validated based on the following criteria:
- Process conditions are at the required conditions during testing;
- Sample collection procedures are performed as required by the Test Method and SOP;
- Data are consistent with expected results; and
- Sampling and analytical procedures adhere to prescribed QC procedures.

Any suspect data will be flagged and identified according to the specific deviation from
prescribed criteria and their potential effect on the data quality.

D2.0 Data Transformation and Reduction

Standardized forms will be used to record data for each test method. These forms are provided
in Appendix B. All run sheets are to be reviewed daily by the Task Manager for evaluation of
progress, completeness, and non-conforming items. Standardized computer spreadsheets or data
reduction programs will be used to reduce and analyze data. At the end of each test day, test data
will be input to these spreadsheets. Laboratory analytical results will not be available at the end
of each test day; however, results will be entered as they become available. Final data reduction
for emissions testing will follow the standardized summary format specified by the EPA OAQPS
Emission Measurement Center’.

Once the Ontario Hydro analytical results are completed and the data is reduced to final form, a
spot check of the calculations for one complete run will be performed independently to verify
agreement of data reduction procedures and units of measurement.

D3.0 Validation and Verification Methods

Critical data will be validated internally by QC personnel prior to incorporation into final reports.
All measurement data will be validated against the standards of the Test Method, adherence to
QC procedures, consistency with expected and/or other results, and the specific acceptance
criteria. Data will be coded as either valid or invalid based on their adherence to these criteria.
It is the responsibility of ADA-ES and SRI Task Managers to determine the usability of data that
does not meet DQI goals and to identify any data limitations in the project's final report.

D4.0 Reconciliation with Data Quality Objectives

ADA-ES will complete a Reconciliation of Performance Evaluation results with Data Quality
Objectives to determine if the DQOs have been met. ADA-ES and SRI quality assurance staff
will have the final evaluation as to whether or not the project met the objectives of the sampling
design, and whether or not departures, if any, from QA/QC guidelines are significant and are
acceptable. The conclusions will be presented in the final Site Report for the project.
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LIST OF ACRONYMS AND ABBREVIATIONS

ADA-ES — ADA Environmental Solutions

APC — Alabama Power Company

ASTM — American Society for Testing and Materials
A/C — Air-to-Cloth Ratio

COHPAC - Compact Hybrid Particulate Collector
CVAAS — Cold vapor atomic absorption spectrometry
DQI — Data Quality Indicators

DQO - Data Quality Objectives

DOE — U.S. Department of Energy

EERC — Energy and Environmental Research Center
EPA — Environmental Protection Agency

EPRI — Electric Power Research Institute

ESP — Electrostatic Precipitator

ICR — EPA’s Information Collection Request to evaluate speciated mercury emissions from
selected coal-fired boilers

NETL — DOE National Energy Technology Laboratory
PSI — Physical Sciences, Inc.

OH — Ontario Hydro mercury test method

QAPP — Quality Assurance Project Plan

SCA — Specific Collection Area

SGLP — Synthetic Groundwater Leaching Procedure
SOP — Standard Operating Procedures

SRI — Southern Research Institute

TCLP — Toxicity Characteristic Leaching Procedure
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SUMMARY OF THE ONTARIO HYDRO TEST METHOD
(Sampling-Specific Sections, Exceptions to published ASTM Method
highlighted)

ONTARIO HYDRO MERCURY TRAIN RECOVERY PROCEDURES

PROCEDURE FOR THE ANALYSIS OF ONTARIO HYDRO METHOD
TRAINS
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Summary of the Ontario Hydro Test Method

(Sampling-Specific Sections, Exceptions to published ASTM Method

boldfaced)

4. Summary of Test Method

4.1

A sample is withdrawn from the flue gas stream isokinetically through a probe/filter
system, maintained at 120°C or the flue gas temperature, whichever is greater,
followed by a series of impingers in an ice bath. Particle-bound mercury is collected
in the front half of the sampling train. Oxidized mercury is collected in impingers
containing a chilled aqueous potassium chloride solution. Elemental mercury is
collected in subsequent impingers (one impinger containing a chilled aqueous acidic
solution of hydrogen peroxide and three impingers containing chilled aqueous acidic
solutions of potassium permanganate). Samples are recovered, digested, and then
analyzed for mercury using cold-vapor atomic absorption (CVAAS) or fluorescence
spectroscopy (CVAFS).

5. Significance and Use

5.1

The measurement of particle-bound, oxidized, elemental, and total mercury in
stationary-source flue gases provides data that can be used for dispersion modeling,
deposition evaluation, human health and environmental impact assessments, emission
reporting, compliance determinations, etc. Particle-bound, oxidized, and elemental
mercury measurements before and after control devices may be necessary for
optimizing and evaluating the mercury removal efficiency of emission control
technologies.

6. Interferences

There are no known interferences, but certain biases may be encountered (See Section 16).

7. Apparatus

7.1

7.1.1

Sampling Train—similar to ASTM D 3685, EPA Method 5/EPA Method 17 and EPA
Method 29 trains, as illustrated in Fig. 1.

Probe Nozzle (Probe Tip)—Glass nozzles are required unless alternate nozzles are
constructed of materials that are free from contamination and will not interact with
the sample. Probe fittings constructed of polytetrafluoroethylene (PTFE),
polypropylene, etc., are required instead of metal fittings to prevent contamination.

Probe Liner—If the sample train is to be in EPA Method 5 configuration (out-of-
stack filtration), the probe liner must be constructed of quartz or borosilicate glass. If
an EPA Method 17 (in-stack filtration) sampling configuration is used, the
probe/probe liner may be constructed of borosilicate glass, quartz or, depending on
the flue gas temperature, PTFE.
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Pitot Tube—Type S pitot tube. Refer to Section 2.2 of EPA Method 2 for a
description.

Differential Pressure Gauges—inclined manometers or equivalent devices. Refer to
Section 2.1 of EPA Method 2 for a description.

Filter Holder — constructed of borosilicate glass or PTFE-coated stainless steel with
a PTFE filter support. A silicone rubber or PTFE gasket, designed to provide a
positive seal against leakage from outside or around the filter, may be used.

Connecting Umbilical Tube—heated PTFE tubing. This tube must be heated to a
minimum of 120°C to help prevent water and acid condensation. (The umbilical tube
is defined as any tubing longer than 0.5 m that connects the filter holder to the
impinger train). Exception taken here: SRI uses an unheated PTFE tube, draining
any condensate from it into the first impinger and recovering any remaining
residue with multiple rinses using 0.1 N HNO;.

Probe and Filter Heating System

EPA Method 5 Configuration—For EPA Method 5 configuration, the temperature of
the flue gas, sample probe, and the exit of the sample filter must be monitored using
temperature sensors capable of measuring temperature to within 3°C (5.4°F). The
heating system must be capable of maintaining the sample gas temperature of the
probe and exit of the sample filter to within £15°C (£27°F) of the flue gas
temperature. Regardless of the flue gas temperature, to prevent water and acid
condensation, at no time must the probe temperature, sample filter exit gas
temperature, or the temperature of the connecting umbilical cord be less than 120°C.

Condensing/Absorbing System—consists of etght eleven impingers immersed in an
ice bath and connected in series with leak-free ground glass fittings or other
noncontaminating leak-free fittings. (At no time is silicon grease or other greases to
be used for this method). Exception: SRI uses Dupont Krytox, a PTFE based
grease, on the ground glass fittings to improve sealing of the joints. The latter
has proven to be non-contaminating and non-interfering in similar test
programs in the past. The first, second, fifth, seventh, eighth, ninth and eleventh
impingers are of the Greenburg—Smith design modified by replacing the standard tip
with a 1.3 cm (0.5 in.)-ID straight glass tube extending to about 1.3 cm (0.5 in.) from
the bottom of the flask. The third and eighth impingers are also Greenburg—Smith
design, but with the standard tip including the glass impinging plate. The fourth,
sixth and tenth impingers use cut-off stems to provide isolation of solutions. The
first, second, and third impingers contain aqueous 1 N potassium chloride (KCI)
solution. The fourth impinger is empty while the fifth contains an aqueous solution of
5% "/, nitric acid (HNOs) and 10% "/, hydrogen peroxide (H,0O,). The sixth impinger
is empty, and seventh, eighth and ninth impingers contain an aqueous solution of 4%
"/, potassium permanganate (KMnO,4) and 10% "/, sulfuric acid (H,SO4). The last
impinger contains silica gel or an equivalent desiccant. (When flue gas streams are
sampled with high moisture content (>20%), additional steps must be taken to
eliminate carryover of impinger contents from one sample type to the next. These
steps must include use of oversized impinger(s) or use of an empty impinger between
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the KCl and HNO; —H,0,. If a dry impinger is used, it must be rinsed as discussed
in Section 13.2 of this method and the rinse added to the preceding impinger).

Metering System—vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 3°C (5.4°F), and a dry gas meter or controlled orifice
capable of measuring volume to within 2%.

Barometer— barometer capable of measuring atmospheric pressure to within 0.33
kPa (0.1 in. Hg). In many cases, the barometric reading may be obtained from a
nearby National Weather Service station, in which case, the station value (which is
the absolute barometric pressure) shall be requested. An adjustment for elevation
differences between the weather station and sampling point shall be applied at a rate
of negative 0.33 kPa (0.1 in. Hg) per 30 m (100 ft) elevation increase or vice versa for
elevation decrease.

Gas Density Determination Equipment—temperature sensor and pressure gauge, as
described in Section 2.3 and 2.4 of EPA Method 2. The temperature sensor shall,
preferably, be permanently attached to the pitot tube or sampling probe in a fixed
configuration, such that the sensor tip extends beyond the leading edge of the probe
sheath and does not touch any metal. Alternative temperature sensor configurations
are described in Section 2.1.10 of EPA Method 5. If necessary, a gas analyzer can be
used to determine dry molecular weight of the gas (refer to EPA Method 3).
Exception: SRI uses Teledyne Hastings O, meters at the exit of the gas metering
system to obtain point by point oxygen concentrations and provide a QA check
against leaks developing in the sampling system. Spot checks using Fyrite
devices are used to measure CO, for gas density determinations in conjunction
with the Teledyne Hastings O, meters.

10. Sampling

10.1

10.1.1

10.1.2

10.1.3

10.1.4

Preparation for Test:

Preliminary Stack Measurements—Select the sampling site, and determine the
number of sampling points, stack pressure, temperature, moisture, dry molecular
weight, and range of velocity head in accordance with procedures of ASTM Test
Method D 3154 or EPA Methods 1 through 4.

Select the correct nozzle diameter to maintain isokinetic sampling rates based on the
range of velocity heads determined in 10.1.1.

Ensure that the proper differential pressure gauge is selected for the range of velocity
heads (refer to EPA Method 2, Section 2.2).

It is suggested that an EPA Method 17 configuration be used; however, if an EPA
Method 5 setup is to be used, then select a suitable probe length such that all traverse
points can be sampled. Consider sampling from opposite sides of the stack to
minimize probe length when a large duct or stack is sampled.
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Sampling Time and Volume—The total sampling time for this method should be at
least two, but not more than three hours. Use a nozzle size that will guarantee an
isokinetic gas sample volume between 1.0 dry cubic meters corrected to standard
conditions (dscm) and 2.5 dscm. If traverse sampling is done (necessary for sampling
at electric utilities), use the same points for sampling that were used for the velocity
traverse as stated in Section 10.1.1 of this method. Each traverse point must be
sampled for a minimum of five minutes. Exception: Because of the geometry of the
outlet ducts and the number of sampling points required to obtain suitable
traverses of them, the sampling time at each traverse point at the outlet is set at
three minutes.

11. Preparation of Apparatus

11.1

11.1.1

11.1.2

11.1.3

11.2

11.2.1

11.2.2

11.2.3

11.24

11.2.5

11.2.6

Pre-test Preparation:

Weigh several 200- to 300-g portions of silica gel in airtight containers to the nearest
0.5 g. Record the total mass of the silica gel plus container on each container.
Alternatively, the silica gel can be weighed directly in the impinger immediately prior
to the train being assembled.

Desiccate the sample filters at 20° + 5.6°C (68° = 10°F) and ambient pressure for 24
to 36 hours, weigh at intervals of at least six hours to a constant mass (i.e., <0.5-mg
change from previous weighing), and record results to the nearest 0.1 mg.
Alternatively, the filters may be oven-dried at 105°C (220°F) for two to three hours,
desiccated for two hours, and weighed.

Clean all sampling train glassware as described in Section 8.10 before each series of
tests at a single source. Until the sampling train is assembled for sampling, cover all
glassware openings where contamination can occur.

Preparation of Sampling Train:
Assemble the sampling train as shown in Figure 1.

Place 100 mL of the KCl solution (see Section 8.5.1 of this method) in each of the
first, second, and third impingers, as indicated in Figure 1.

Place 100 mL of the HNO3; —H,O, solution (Section 8.5.2 of this method) in the fifth
impinger, as indicated in Figure 1.

Place 100 mL of the H,SO; —KMnOy absorbing solution (see Section 8.5.3 of this
method) in each of the seventh, eighth and ninth impingers, as indicated in Figure 1.

Transfer approximately 200 to 300 g of silica gel from its container to the last
impinger, as indicated in Figure 1.

Prior to final train assembly, weigh and record the mass of each impinger. This
information is required to calculate the moisture content of the sampled flue gas.

Report No. 41005R 11 Final Site Report — E.C. Gaston Unit 3 Appendix A



11.2.7

11.2.8

11.2.9

11.2.10

11.2.11

11.2.12

Page A-38

To ensure leak-free sampling train connections and to prevent possible sample
contamination problems, use PTFE tape, PTFE-coated O-rings, or other non-
contaminating material (SRI uses Dupont Krytox grease).

Place a weighed filter in the filter holder using a tweezer or clean disposable surgical
gloves.

Install the selected nozzle using a noncontaminating rubber-type O-ring or equivalent
when stack temperatures are less than 260°C (500°F) and an alternative gasket
material when temperatures are higher. Other connecting systems, such as PTFE
ferrules or ground glass joints, may also be used on the probe and nozzle.

Mark the probe with heat-resistant tape or by some other method to denote the proper
distance into the stack or duct for each sampling point.

Place crushed or cubed ice around the impingers.

Leak-Check Procedures. Follow the leak-check procedures given in Section 4.1.4.1
(Pre-test Leak Check), Section 4.1.4.2 (Leak Checks During the Sample Run), and
Section 4.1.4.3 (Post test Leak Checks) of EPA Method 5 or 17. [If the flue gas
temperature at the sampling location is greater than 260°C (above the temperature
where PTFE or rubber-type seals can be used), the posttest leak check is determined
beginning at the front end of the probe (does not include nozzle or sample filter
holder for EPA Method 1)].

12. Calibration and Standardization

12.1

12.1.1

12.1.2

12.1.3

12.1.4

12.1.5

12.1.6

Sampling Train Calibration:

Probe Nozzle—Refer to Sections 2.1.1 of either EPA Method 5 or 17.
Pitot Tube—Refer to Section 4 of EPA Method 2.

Metering System—Refer to Section 5.3 of either EPA Method 5 or 17.
Probe Heater—Refer to Section 7.1.7.1 and 7.1.7.2 of this method.
Temperature Gauges— Refer to Section 4.3 of EPA Method 2.

Leak Check of the Metering System—Refer to Section 5.6 of EPA Method 5 or
Section 5.5 of EPA Method 17.
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13. Procedures

13.1

13.1.1

13.1.2

13.1.3

13.14

13.1.5

13.1.6

13.1.7

13.1.8

13.1.9

13.1.10

Sampling Train Operation:

Maintain an isokinetic sampling rate within 10% of true isokinetic. For an EPA
Method 5 configuration, maintain sample filter exit gas stream temperatures and
probe within £15°C of the flue gas temperature at the sampling location. However, at
no time, regardless of the sample configuration, must the sample filter, probe, or
connecting umbilical cord temperature be lower than 120°C.

Record the data, as indicated in Figure 2, at least once at each sample point but not
less than once every five minutes.

Record the dry gas meter reading at the beginning of a sampling run, the beginning
and end of each sampling time increment, before and after each leak check, and when
sampling is halted.

Level and zero the manometer. Periodically check the manometer level and zero,
because it may drift during the test period.

Clean the port holes prior to the sampling run.

Remove the nozzle cap. Verify that the filter and probe heating systems are up to
temperature and that the pitot tube and probe are properly positioned. (For an EPA
Method 5 configuration, prior to starting the gas flow through the system, the sample
filter exit gas temperature may not be at the hot box temperature. However, if the
system is set up correctly, once flow is established, the sample filter exit gas
temperature will quickly come to equilibrium.

Start the pump. Position the nozzle at the first traverse point with the nozzle tip
pointing in the direction of flow. Seal the openings around the probe and port hole to
prevent unrepresentative dilution of the gas stream. Read the pitot tube manometer,
start the stopwatch, open and adjust the control value until the isokinetic sampling
rate is obtained (refer to Section 4.1.5 from either EPA Method 5 or 17 for
information on isokinetic sampling rate computations), and maintain the isokinetic
rate at all points throughout the sampling period.

When sampling at one traverse point has been completed, move the probe to the next
traverse point as quickly as possible. Close the coarse adjust valve, and shut the pump
off when transferring the probe from one sample port to another. Exclude the time
required to transfer the probe from one port to another from the total sampling time.

Traverse the stack cross section, as required by EPA Method 1.

During sampling, periodically check and, if necessary adjust the probe and filter exit
sample gas temperatures, as well as the zero of the manometer.
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Add more ice, if necessary, to maintain a temperature of <20°C (68°F) at the
condenser/silica gel outlet.

Replace the filter assembly if the pressure drop across the filter becomes such that
maintaining isokinetic sampling is no longer possible. Conduct a leak check (refer to
EPA Method 5 or 17, Section 4.1.4.2) before installing a new filter assembly. The
total particulate mass and determination of particle-bound mercury includes all filter
assembly catches.

In the unlikely event depletion of KMnOj4 via reduction reactions with flue gas
constituents other than elemental mercury occurs, it may render it impossible to
sample for the desired minimum time. This problem is indicated by the complete
bleaching of the purple color of the acidified permanganate solution. If the purple
color is lost in the first two H,SO4 —-KMnQOy4 impingers, then the sample must be
repeated. If the gas stream is known to contain large amounts of reducing constituents
(i.e., >2500 ppm SO,) or breakthrough has occurred in previous sampling runs, then
the following modification is suggested: the amount of HNO3;—H,0, (10% ‘/) in the
fourth impinger should be doubled, and/or a second HNO3;—H,0, impinger should be
used to increase the oxidation capacity for reducing gas components prior to the
H,SO4 -KMnO, impingers.

Use a single train for the entire sample run, except when simultaneous sampling is
required in two or more separate ducts or at two or more different locations within the
same duct or when equipment failure necessitates a change of trains.

At the end of a sample run, turn off the coarse adjust valve, remove the probe and
nozzle from the stack, record the final dry gas meter reading, and conduct a posttest
leak check, as described in Section 4.1.4.3 of EPA Method 5. Also, leak-check the
Pitot lines as described in EPA Method 2, Section 3.1. The lines must pass the leak
check to validate the velocity head data.

Calculate percent isokinetic to determine whether the run was valid or another test
run should be performed (refer to EPA Method 5 or 17).

Sample Recovery:

Allow the probe to cool before proceeding with sample recovery. When the probe can
be safely handled, wipe off all external particulate matter near the tip of the probe
nozzle, and place a rinsed, non-contaminating cap over the probe nozzle to prevent
losing or gaining particulate matter. Do not cap the probe tip tightly while the
sampling train is cooling; a vacuum can form in the filter holder, with the undesired
result of drawing liquid from the impingers onto the filter.
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Before moving the sampling train to the cleanup site, remove the probe from the
sampling train, and cap the open outlet. Be careful not to lose any condensate that
may be present. Cap the filter inlet where the probe was fastened. Remove the
umbilical cord from the last impinger, and cap the impinger. Cap the filter holder
outlet and impinger inlet. Use non-contaminating caps, such as ground-glass stoppers,
plastic caps, serum caps, or PTFE tape, to close these openings.

Alternatively, the following procedure may be used to disassemble the train before
the probe and filter holder/oven are completely cooled. Initially disconnect the filter
holder outlet/impinger inlet, and loosely cap the open ends. Then disconnect the
probe from the filter holder or cyclone inlet, and loosely cap the open ends. Cap the
probe tip, and remove the umbilical cord as previously described.

Transfer the probe and filter—impinger assembly to a clean area that is protected from
the wind and other potential causes of contamination or loss of sample. Inspect the
train before and during disassembly, and note any abnormal conditions.

The impinger train sample recovery scheme is illustrated in Figure 3.

Container 1 (Sample Filter)—Carefully remove the sample filter from the filter
holder so as not to lose any ash, weigh filter and ash, and place the filter in a labeled
petri dish container. To handle the filter, use either acid-washed polypropylene or
PTFE-coated tweezers or clean, disposable surgical gloves rinsed with water and
dried. If it is necessary to fold the filter, make certain the particulate cake is inside the
fold. Transfer any particulate matter or filter fibers that adhere to the filter holder
gasket to the filter in the petri dish. A dry (acid-cleaned) nonmetallic bristle brush
should be used to remove any remaining particulate matter. Do not use any metal-
containing materials when recovering this train. Immediately cover and seal the
labeled petri dish.

Container 2/2a (All Rinses in Front of the Sample Filter)

Case 1. Includes Gravimetric Particulate Determination in Addition to Mercury
Quantitatively recover particulate matter and any condensate from all components
prior to the sample filter. A nonmetallic brush may be used for removing particulate
matter. All front-half components (all components prior to the sample filter) are then
rinsed with acetone as outlined in EPA Method 5 or 17. The acetone rinse is then
placed into a container (Container 2a) for which the tare weight has been recorded.
Container 2a, with a ribbed watch glass over the top, is placed in a fume hood until
the acetone has completely evaporated. After the front-half components have been
rinsed with acetone, then rinse these components with 0.1 N HNOs. The 0.1 N HNO;
rinse is placed in Container 2.
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Case 2: Mercury Determination Only (No Acetone Rinse)

Quantitatively recover particulate matter and any condensate from all components
prior to the sample filter. A nonmetallic brush may be used for removing particulate
matter. The front-half components are then rinsed with 0.1 N HNOs3, and this rinse is
placed in Container 2.

Container 3 (Impingers I through 3, KCI Impinger Contents and Rinses):

Dry the exterior surfaces of Impingers 1, 2, and 3. Then weigh and record the mass of
each impinger (to the nearest 0.5 g).

Clean the filter support, the back half of the filter housing, and connecting glassware
by thoroughly rinsing with 0.1 N HNOs, Pour the rinse into a glass sample Container
3.

Carefully add small amounts of 5% "/, KMnQO, solution very slowly to each KCl
impinger and gently mix the impinger solution. Continue adding KMnO, solution
until a purple 4 color is obtained. Let the impingers sit for approximately 15 minutes
to ensure the purple color persists.

Pour all of the liquid from the three KCI impingers into Container 3.

Rinse the impingers and connecting glassware with 10% Y/, HNOs;. Although
unlikely, if deposits remain on the impinger surfaces, remove them by doing another
10% “/, HNOs; rinse that has a very small amount (several drops) of 10% "/,
hydroxylamine solution added to the HNOjs rinse solution. Rinse each of the KCI
impingers with this solution until the brown stains are removed. Add these rinses to
Container 3. If the solution in Container 3 becomes clear, add a small amount of the
5% "/, KMnOQy solution until a pink or slightly purple color is obtained. Check again
after 90 min to ensure the purple color remains.

Perform a final rinse of the impingers and connecting glassware with 0.1 N HNOs and
add to Container 3.

Do a final rinse of all glass components with water which is discarded.
Mark the height of the fluid level in Container 3, seal, and clearly label the contents.
Container 5 (Impinger 4, HNO3; —H,0, Impinger Contents and Rinses):

Dry the exterior surfaces of Impinger 4. Then weigh and record the mass of this
impinger (to the nearest 0.5 g).

Pour the HNO3 —H,0, absorbing solution into sample Container 4.
Rinse the HNO3; —H,0O, impinger and connecting glassware a minimum of two times

with 0.1 N HNOs;, and pour the rinses into Container 4. Do a final rinse with water
and discard water.
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Container 5 (Impingers 7 through 9, H,SO,—KMnO, Impinger Contents and Rinses).

Dry the exterior surfaces of Impingers 5, 6, and 7. Then weigh and record the mass of
each impinger (to the nearest 0.5 g).

Pour all of the liquid from the three H,SO, —-KMnQO, impingers into a glass sample
Container 5.

Rinse the H>SO, —-KMnO, impingers and connecting glassware a minimum of two
times with 0.1 N HNOs, and pour the rinses into Container 5. A third rinse must then
be done (this rinse will remove any brown stains from the surface of the impingers).
This rinse consists of 0.1 N HNO; and several drops of 10% "/, hydroxylamine
solution (either the NH,OH/NaCl solution or the NH,OH/HCI solution). This rinse
must have enough 10% "/, hydroxylamine solution such that the brown stains are
easily removed. If they are not easily removed add several more drops of 10% "/,
hydroxylamine solution until the stains are completely gone. Add this rinse to
Container 5. If the solution in Container 5 becomes clear, add small amounts of the
H>S0O,—KMnO, solution until a pink or slightly purple color is obtained.

Perform a final 0.1 N HNOs rinse of the impingers and connecting glassware follow
by a water rinse. The 0.1 N HNOs rinse is added to Container 5, and the water rinse is
discarded.

Mark the height of the fluid level, seal the container, and clearly label the contents.
(As stated earlier in the warning in Section 9.1.1, pressure can build up in the sample
storage flask because of the potential reaction of KMnO, with acid. Do not fill the
container completely, and take precautions to relieve excess pressure.

Container 6 (Impinger 8, Silica Gel Impinger Contents):

Dry the exterior surfaces of Impinger 8. Then weigh and record the mass of this
impinger (to the nearest 0.5 g).

Note the color of the indicating silica gel to determine whether it has been completely
spent, and make a notation of its condition. If spent, the silica gel must be either
regenerated or disposed of.

Solution Blanks (Containers 7—11) - Solution blanks are taken each time new reagents
are prepared. Note: The amount of solution collected for the blanks stated below is a
suggested volume.

Container 7 (0.1 N HNO; Blank)—Place 50 mL of the 0.1 N HNOj; solution used in
the sample recovery process into a properly labeled container. Seal the container.

Container 8 (I N KCI Blank)—Place 50 mL of the 1 N KCI solution used as the
impinger solution into a properly labeled container. Seal the container.
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13.2.12.3 Container 9 (5% "/, HNO; — 10% */, H,O, Blank)—Place 50 mL of the HNO; —H,0,

solution used as the nitric acid impinger reagent into a properly labeled container.
Seal the container.

13.2.12.4 Container 10 (H>SO, —KmnO4 Blank)—Place 50 mL of the H;SO4 —KMnOs4 solution
used as the impinger solution in the sample recovery process into a properly labeled
container. Refer to Note 4 in Section 13.2.10.5 of this method.

13.2.12.5 Container 11 (10% "/v Hydroxylamine Solution)—Place 100 mL of hydroxylamine
solution into a properly labeled sample container. Seal the container.

13.2.13  Container 12 (Sample Filter Blank)—Once during each field test, place into a
properly labeled petri dish three unused blank filters from the same lot as the
sampling filters. Seal the petri dish.

13.2.14  After all of the samples have been recovered, they must be analyzed within 45 days.

13.2.15  After all impingers and connectors have been properly rinsed and the solutions
recovered, the glassware should be cleaned according to the procedures in Section
8.10 or triple-rinsed with 10% */, HNO; followed by a rinsing with water. If a new
source is to be sampled or if there are any brown stains on the glassware, then the
glassware must be cleaned according to procedures in Section 8.10 of this method. If
multiple sites are to sampled during a single mobilization, an exception to this
procedure will be allowed. In this case, a triple rinsing of the glassware with 10% "/,
HNOs; solution followed by a water rinse prior to sampling can be used as an
alternative to the procedures in Section 8.10. However, if there are any brown stains
on the glassware, then the glassware must be cleaned according to procedures in
Section 8.10 of this method.
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Ontario Hydro Mercury Train Recovery Procedures

Bottles needed:
100 mL glass bottle for filter

2 or 3, as needed, 500 mL glass bottles for Teflon umbilical rinse, KCI
impinger contents and rinses

1 500 mL glass bottle for HNOs/H,O, impinger contents and rinses

2 500 mL amber vented glass or Nalgene bottles for H,SO+/KMnO4 impinger
contents and rinses

4 100 mL glass bottles for solution blanks of 0.1 N HNO;, HNOs/H,0,, KClI,
and H,SO4+/KMnOy, solutions

Rinse Bottles needed:
0.1 N HNOs
10% hydroxylamine sulfate/sodium chloride solution
H,S04/KMnOy solution
DI water
1.0 Remove U-connecting unions.

2.0 Weigh each impinger and record weight on recovery form.

3.0 Pour contents of impingers 1, 2 and 3 into sample bottle used for Teflon umbilical rinse and
more clean sample bottles as needed.

4.0 Pour contents of impinger 4 (if any) and impinger 5 into a clean sample bottle.
5.0 Pour contents of impingers 6, 7, 8 and 9 into clean, vented sample bottle.
6.0 Rinse impingers 1,2,&3 with 0.1 N HNOs and pour into the bottle with impinger 3.

7.0 Rinse U-connecting unions from impingers 1,2, & 3 with 0.1 N HNOj3 and pour into bottle
with impinger 3.
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8.0 Rinse impingers 4 and 5 and connecting U-tubes with 0.1 N HNOj into bottle with impinger
contents.

9.0 Pour contents of impingers 4, 5, & 6 into the same Nalgene bottle.

10.0Rinse impingers 6, 7, 8, and 9 and connecting U-tubes with 0.1 N HNO; followed by
additional HNOs with several drops of hydoxylamiune-NaCl added and pour into the same
Nalgene bottle.

11.0 Mark the height of the fluid level in each of the bottles, label appropriately, assigning
sample numbers to each and seal bottles and add custody seals.

Report No. 41005R 11 Final Site Report — E.C. Gaston Unit 3 Appendix A



Page A-47
Procedure for the Analysis of Ontario Hydro Method Trains

Upon receipt of the samples at the laboratory, confirm that all samples are accounted for and that
all custody seals are intact.

Each train will consist of six containers, as follows:
Front Half Sample:
Filter
Acetone Rinse
0.1 N HNO; Rinse
Back Half Samples:
KCI Impingers
HNO3/H,0, Impinger
H,SO4/KMnO,4 Impingers

Additional containers will consist of reagent blanks and blind QA/QC samples.

All glassware and Teflon digestion vessels used in the analysis must be EPA cleaned for metals
to insure the integrity of the samples. Graduated cylinders used in volume measurements must
be tap rinsed, 1:1 HNOj rinsed, and DI H,O rinsed between samples. Weights required should
be recorded accurately to within 0.1 mg. The calibration of analytical balances used must be
checked daily.

All concentration and digestion procedures should be performed in an adequately functioning
fume hood. Personnel performing the procedures should be trained in safe handling procedures
for hydrofluoric acid and in proper bomb digestion techniques, and should be familiar with the
analytical methods used throughout this procedure.

Reagents Required

Note: All reagents should contain low mercury content or be of trace metal grade.
Deionized water
Boric Acid (H3BO3)
Hydrochloric acid (HCI)
Hydrofluoric acid (HF)
Hydroxylamine sulfate (NH,OH - H,SO4)
Or Hydroxylamine hydrochloride (NH,OH - HCI)
Sodium Chloride
1000 pg/mL Hg stock standard solution
Nitric Acid (HNO3)
Potassium permanganate (KMnQOy)
Potassium persulfate (K,S,0s)
Ice
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@'nt Half Sample Digestion

1. Note the fluid levels marked in the field and note if any leakage occurred during transit.

2. Record the volume of the acetone rinse accurately to within 1 mL, then quantitatively
transfer all ash from the sample container and the graduated cylinder with acetone into a
tared 250 mL beaker. Evaporate to dryness at ambient temperature and pressure, protecting
the sample from access to contamination. Once dry, desiccate for 24 hours and weigh to a
constant weight. Record the weight of ash collected. Save for use in step (3).

3. Record the volume of the 0.1 N HNOjs rinse accurately to within 1 mL, then quantitatively
transfer to a 250 mL beaker with DI H,O. Thoroughly rinse the sample container with DI
H,O0 and collect in the beaker. Note if any particulate matter is present.

4. Reconstitute the residue from step (1) with 10 mL of concentrated HNO; and combine with
the 0.1 N HNO:; rinse.

5. Cover the beaker with a ribbed watch glass and concentrate at just below boiling to
approximately 10 mL. CRITICAL: Do not allow the sample to boil or go to dryness as
quantitative loss of mercury will result.

6. Using Teflon tweezers (or tweezers covered with Teflon tape), carefully weigh the filter,
using care not to dislodge any particulate matter. Record the weight.

7. Carefully place the filter into the Teflon digestion vessel, using the Teflon tweezers to fold it
as far down into the vessel as possible. Quantitatively transfer the concentrated sample from
step (4) into the vessel with as little DI H,O as possible, wetting the filter in the process.
Add 7 mL of concentrated HF and 5 mL of aqua regia. Seal the vessel and place it in an
oven or water bath at 90°C for a minimum of eight hours (these may be heated overnight).
Cool the vessel to room temperature; vent slowly.

8. Add 3.5 g of boric acid and 40 mL of DI H,O to the vessel. Seal the vessel and return to the
oven or water bath for 1 hour. Cool the vessel to room temperature; vent slowly.

9. Quantitatively transfer the contents of the vessel into a 100 mL PMP or PP volumetric flask
and dilute to volume (glass is not recommended for use with HF). Use extreme care during
this process.

Label the digestate above as the Front Half sample for the particular train.
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Sample Preparation for Analysis by CVAAS

Preservation of detection limits is critical in the analysis of these samples. dify SW-846
Method 7470A as detailed below for the analysis of these samples. Procedures=etailed below
assume the use of an automated Hg analyzer, which requires only small sample volumes for
analysis.

QA/QC: For each matrix set of samples of 10 or less, choose one sample on which to perform a
duplicate digestion, a matrix spike and matrix spike duplicate. Spike at a known concentration
similar to the expected concentration of mercury in the samples prior to adding any reagents.
Each sample is to be analyzed with two replicate measurements with each tenth sample (or the
last sample in the matrix set) analyzed with triplicate measurements. For each analysis batch the
receiving laboratory should prepare and analyze an independent quality control standard to verify
the calibration of the instrument. A digestion blank should be analyzed with each digestion
batch. The results of the digestion duplicate and the percent recovery of the matrix spike and
matrix spike duplicate are to be reported with the results.

Front Half Preparation

Transfer 20 mL of digestate to a 50-mL digestion tube or an appropriate digestion vessel. Add
1.00 mL of concentrated H,SO4 and 0.500 mL of concentrated HNO; mixing after each addition.
Add 3.00 mL of 5% KMnOy (*/y) to each sample and mix. If the solution does not remain
purple, add a small amount of solid KMnO, and mix. Repeat until the solution remains purple
for at least 15 minutes. Add 1.60 mL of K,S,0s. Loosely cap the tube or vessel. Heat at 95°C
in a water bath or oven for two hours. The sample solution must remain purple throughout the
digestion period to insure that all mercury present is reduced. Cool and add 1.20 mL of [=}6
@roxylamine sulfate/ sodium chloride solution. The solution should become clear. If not;={d
aoditional hydroxylamine reagent in 0.25-mL increments until the solution becomes clear.
Record the exact volume of all reagents added. Analyze per the guidelines specified by the
CVAAS instrument’s manufacturer.

Preparation of KCI Impingers Solution

Note the fluid level marked in the field and note if any leakage occurred. Thoroughly mix the
container before recording the volume of the solution accurately to within 1 mL, and note if the
solution remained purple since recovery. Transfer 20 mL of sample to a 50-mL digestion tube or
an appropriate digestion vessel. Add 1.00 mL of concentrated H,SO4 and 0.500 mL of
concentrated HNOs; mixing after each addition. Add 3.00 mL of 5% KMnO4 (V/,) to each
sample and mix. If the solution does not remain purple, add a small amount of solid KMnO,4 and
mix. Repeat until the solution remains purple for at least 15 minutes. Add 1.60 mL of K,S,0s.
Loosely cap the tube or vessel. Heat at 95°C in a water bath or oven for two hours. The sample
solution must remain purple throughout the digestion period to insure that all mercury present is
reduced. Cool and add 1.20 mL of 12% hydroxylamine sulfate/ sodium chloride solution. The
solution should become clear. If not, add additional hydroxylamine reagent in 0.25-mL
increments until the solution becomes clear. Record the exact volume of all reagents added.
Analyze per the guidelines specified by the CVAAS instrument’s manufacturer.
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CDILLARD
 The Ontario Hydro Method recommends a 10-fold reduction in sample size and reagents.  This procedure recommends instead a 5-fold reduction in volumes to insure that there is adequate digestate to complete the replicate analyses.

CDILLARD
 The Ontario Hydro Method recommends a 10% hydroxylamine sulfate/ NaCl solution.  However, SW-846 Method 7470A requires a 12% solution.  The receiving laboratory will be more familiar with the SW-846 method.

CDILLARD
 Hydroxylamine HCl may be used instead of Hydroxylamine SO4/ NaCl.
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Preparation of HNO3/ H;O, Impinger Solution

Note the fluid level marked in the field and note if any leakage occurred. Record the volume of
the solution accurately to within 1 mL. nsfer 10 mL of sample to a 50-mL digestion tube or
an appropriate digestion vessel. Adc=0.500 mL of concentrated HCl and 0.500 mL of
concentrated H,SO4, mixing after each addition. Place the tubes or digestion vessels into an ice
bath and add 1.00 mL of 5% KMnOy (*/y) in 0.250-mL increments to each sample and mix,
allowing the solution to cool between additions. Use care in these additions, as the reaction may
be violent. Continue to add 5% KMnO4 in 0.500 mL increments, with mixing and cooling
between additions, until a total of 3.00 mL have been added. If the solution does not remain
purple, add a small amount of solid KMnO4 and mix. Use care in these additions, as the reaction
may be violent. Repeat until the solution remains purple for at least 15 minutes. Add 1.60 mL
of K,S,0s. Loosely cap the tube or vessel. Heat at 95°C in a water bath or oven for two hours.
The sample solution must remain purple throughout the digestion period to insure that all
mercury present is reduced. Cool and add 1.20 mL of 12% hydroxylamine sulfate/ sodium
chloride solution and mix. The solution should become clear. If not, add additional
hydroxylamine reagent in 0.25-mL increments until the solution becomes clear. Record the
exact volume of all reagents added. Analyze per the guidelines specified by the CVAAS
instrument’s manufacturer.

Preparation of the KMnO,/ H,SO, Impingers Solution

Note the fluid level marked in the field and note if any leakage occurred. Thoroughly mix the
container before recording the volume of the solution accurately to within 1 mL, and note if the
solution remained purple since recovery. | = |nsfer 20 mL of sample to a 50-mL digestion tube or
an appropriate digestion vessel using appropriate representative sampling technique. Add 1.00
mL of concentrated H>SO4 and 0.500 mL of concentrated HNO;, mixing after each addition.
Add 3.00 mL of 5% KMnO4 (V/,) to each sample and mix. Add 1.60 mL of K;S,0s. Loosely
cap the tube or vessel. Heat at 95°C in a water bath or oven for two hours. The sample solution
must remain purple throughout the digestion period to insure that all mercury present is reduced.
Cool and add 1.20 mL of 12% hydroxylamine sulfate/ sodium chloride solution. The solution
should become clear. If not, add additional hydroxylamine reagent in 0.25-mL increments until
the solution becomes clear. Record the exact volume of all reagents added. Analyze per the
guidelines specified by the CVAAS instrument’s manufacturer.

Preparation of Reagent Blanks and Laboratory Blind QA/QC Samples

These solutions should be prepared like the impinger solutions they represent:

1 M KCl

5% ‘/, HNO3/ 10% "/, H,O, solution
4% '/, KMnO4/ 10% "/, HSOy4 solution

The acetone solution(s) should be evaporated to dryness as described in steps (1) and (2) of the
Front Half Sample Digestion Procedure above. Reconstitute the residue with 10 mL of
concentrated HNO; and dilute to volume in a 100-mL volumetric flask. Analyze as described for
the KCI Impinger solutions.
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 This volume is modified due to the reactivity of the solution upon adding the permanganate.  If it is suspected that the mercury in this solution may be insignificant in relation to that in the KCl and KMnO4 solutions and therefore detection limits are not as critical in this case, diluting this solution to 20 mL prior to the addition of reagents is recommended.

CDILLARD
 The Ontario Hydro Method calls for the entire sample to be reduced with hydroxylamine before digestion.  However, if the entire sample is reduced, quantitative loss of mercury will occur if the sample is not analyzed within 24-48 hours.  As such, if something happens to the sample aliquot digested or of the results are in question, there may be no opportunity to reanalyze the sample with confidence.  
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The filter samples should be digested in a Teflon bomb as described in steps (6) — (9) of the
Front Half Sample Digestion Procedure above. Since there will be no rinse solutions for
combination with the filter, wet the filter after it is placed into the Teflon digestion bomb with 5-
10 mL of deionized water prior to adding the HF, the proceed as described above.

Analyze the 0.1 N HNO; solution(s) and the 10% "/, HNOs solution(s) as described for the KCl1
Impinger solutions.

Instrument Calibration

Prepare standards in a matrix-matched solution by performing serial dilutions from a 1000
pg/mL mercury stock solution, available commercially. First, dilute 1 mL of 1000 pg/mL
mercury stock solution to 100 mL in 10% “/, HCI for a 10 pg/mL stock solution. Then, dilute 1
mL of thel0 pg/mL stock solution to 100 mL in 10% */, HCI for a 100 pg/L working stock
solution. Front half digestates and HNOs/ H,O, impinger solutions should be analyzed with a
low curve ranging from 0.1 pg/L to 1.0 pg/L. Prepare the calibration curve by diluting 0.100
mL, 0.200 mL, 0.500 mL and 1.000 mL of 100 pg/L working stock solution to 100 mL in
matrix-matched blank solution. KCI impinger solutions and KMnO4/ H,SOj4 solutions should be
analyzed with a high curve ranging from 1.0 pg/L to 20.0 pg/L. Prepare the calibration curve by
diluting 1.00 mL, 5.00 mL, 10.0 mL and 20.0 mL of 100 pg/L working stock solution to 100 mL
in matrix-matched blank solution. If the actual concentrations found are too high for the front
half digestates or the HNO;/ H,O, impinger solutions, reanalyze with the higher curve.
Similarly, if the actual concentrations found in the KCI impinger solutions and KMnO,/ H>SO4
solutions are below the concentration range, reanalyze with the lower curve.

Calculations

Hgsamplea Hg/L = (IR)(DF)

Where:
IR = raw concentration, calculated from the calibration curve
DF = dilution factor, Vp + Vicagents
Vb
Vb = total digested sample volume
Vreagents = total volume of added reagents for digestion

Reporting Requirements

For each sample, the following parameters must appear in the report:
The total volume of the sample as received at the laboratory (as applicable)
Any leakages observed or degradations of sample preservatives
The calculated mercury results
Duplicate results and RPDs
Matrix Spike and Matrix Spike Duplicate results and RPDs
Independent QA/QC sample recovery(s)
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Data sheets, all Methods
Hg Train Weight sheets
Custody forms
Sample Labels
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Measurement of Mercury Species Around a COHPAC System
at Alabama Power Company’'s FE.C. Gaston Generating Station

Introduction

The measurements reported here were made to assist ADA-ES (ADA) as part of a
Department of Energy mercury control technology evaluation project. The work was
carried out around the Gaston Unit 3 COHPAC baghouse installation. Two series of tests
were carried out to quantify mercury emissions at the inlet and outlet of the COHPAC
unit. The first test series, carried out in early March 2001, was done on a COHPAC
module operating without the mereury control system to establish a baseline condition for
comparison with later tests with the mercury control system in operation. The second set
of tests, during which the mercury control system was in use, was conducted in late April
2001. Measurements at the inlet to the hotside ESP inlet were added to the April test
program at the behest of the US EPA. Sampling at all locations was done concurrently,
insofar as possible, with triplicate pairs of samples being collected. The sampling method
used was developed by Dr. Keith Curtis of Ontario Hydro Technologies (now listed as a
Draft Method by EPA entitled »Standard Test Method for Elemental, Oxidized, Particle-
Bound, and Total Mercury in Flue Gas Generated from Coal-Fired Stationary Sources
(Ontario Hydro Method).” The sampling and analysis were conducted in accordance with
the site specific QA/QC plan developed jointly by ADA-ES and Southern Research. The
sampling was performed by Southern Research {with assistance from Arcadis G&M, Inec.
for hotside ESP location) with the laboratory analyses for the collected samples being
performed by Galbraith Laboratories, Inc.

Sampling

In the Ontario Hydro Method, mercury in particulate phase in the flue gas is collected on
Method 5-type filters while vapor phase mercury and mercury compounds are collected
in impinger solutions. Tonized mercury is captured in a series of three impingers
containing K1 solution, and elemental mercury is captured in a series of three impingers
containing a solution of KMn(Q, and H>804. Between the KC! and KMnOy impingers is
a single impinger with a solution of H,0, and HN Os. This intermediate impinger is used
to preclude depletion of the KMnO, by acid gases (SO, in particular). The

KMnO4/H2S O, and Hy05/ HNOs solutions were made up fresh daily per the method
requirements.

The COHPAC inlet duct dimensions were 6 feet by 31.5 feet with six evenly-spaced
ports along the long dimension of the duct. One of the inlet ports was inaccessible during
the baseline test series and two inlet ports were inaccessible during the second test series,



The outlet duct dimensions were 4 feet by (effectively) 33.56 feet with 16 evenly-spaced
ports along the long dimension. Three of the outlet ports were inaccessible during the
baseline test series and four of the outlet ports were inaccessible during the second test
series. The hotside ESP inlet duct dimensions were 5 feet by 30 feet with five ports along
the long dimension, only two of which were accessible for sampling. In each case, when
a port was inaccessible for sampling the adjacent port deemed most likely representative
of the inaccessible port was sampled in its place.

The layouts of the sampling ports and platforms at both the inlet and outlet of the
COHPAC made it impractical to use the normal, close-coupled filter-oven/impinger
sampling. Rather, a glass-lined probe and small oven conlaining the filter was employed
that was connected to the impingers by a teflon umbilical line with the impingers located
at a convenient, fixed position. Because of the relatively high negative differential
pressures in the ducts, teflon check-valves were employed immediately following the
filters to ensure that back-flows did not create problems as the probes were inserted and
withdrawn from the ducts.

In addition to the mercury sampling, three EPA Method 17 sampling runs were made at
the COHPAC inlet during the baseline test.

Analysis

Analysis of mercury from the flue gas samples was done in three fractions:

*  particulate phase mercury is determined by analysis of the solids trapped on the filter
and 1n the sampling probe of the OHT,

* ionized mercury is determined from the combined quantity of mercury captured in the
KCI impingers, and

* elemental mercury is determined from the combined quantity of mercury captured in
the HoOo/HNO; and the KMnO4/H,80, impingers.

Mercury in the impinger solutions was stabilized by a hydroxylamine and KMnQ,
addition after sample recovery each day. For each sampling train the KC1 impingers
were combined into a single sample for analysis. The H;Oo/HNO3 impinger was analyzed
separately to avoid matrix problems, and the KMnO,/H,S0, mpingers from each train
were also combined for analysis.

Quality assurance procedures included the analysis of blanks and standard reference
materials and laboratory spiked solutions and filters. In addition to the three OHT
samples from each location, a *blank train’ (a complete OHT train prepared for sampling,
leak-checked, and then immediately recovered as if used for flue gas sampling) sampie



was “run”, permitting a quality assurance check on the sampling equipment, assembly,
and handling. ‘Reagent blanks’ (samples of each of the reagents used in the sampling and
sample recovery operation) from each batch of chemicals prepared were retained and
analyzed together with the actual samples. The US EPA provided a blind’ sample of fly
ash certified by NIST to contain known concentrations of mercury which was used to
spike two filters to be analyzed with the flue gas samples as a quality assurance check of
the analytical proiocols and instrumentation.

Results

Measurement results from the baseline tests are summarized in Tables 1 and 2. Table !
provides speciated and total mercury concentrations, emission rates for total mercury,
COHPAC gas flow rates and isokinetic sampling ratios for both the COPAC inlet and
outlet sampling locations. Table 2 provides a summary of the results for the COHPAC
inlet Method 17 sampling. Copies of field data sheets, meter-box and probe calibrations,
detailed results for each sampling run, custody sheets, and the Galbraith Laboratories
report on their analyses are included in appendices to this report,

Measurement results from the carbon injection tests are summarized in Table 3 which
provides speciated and total mercury concentrations, emission rates for total mercury,
COHPAC gas flow rates and isokinetic sampling ratios for the hotside ESP inlet, the
COPAC inlet and the COHPAC outlet sampling locations. Again, copies of field data
sheets, meter-box and probe calibrations, detailed results for each sampling run, custody
sheets, and the Galbraith Laboratories report on their analyses are included in appendices
to this report.
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Table C1 provides a summary of Galbraith Laboratories’ internal QA/QC checks related to the
sarmple analyses. Table C2 provides a summary of Galbraith Laboratories® internal QA/QC
checks related to the sample analyses. Table C3 provides a summary of the results for a set of
"blind” spiked samples that were submitted to Galbraith Laboratories for analysis with the actual
field samples. The latter include results for two filter samples loaded as indicated with NIST
certified flyash provided by the US EPA.

Pre-test and post-test leak checks of the sampling trains were all satisfactory with the exception of
the hotside ESP inlet run on 4/26. In the latter case, the post-test leak check showed a leakage rate
01 0.09 cfm at the highest vacuum obtained during the test. loskinetic ratios for all sampling rung
were within the allowable ranges of 90 to 110 percent. Recovery of laboratory matrix spikes
performed by Galbraith were acceptable in all cases, falling in the range of 84 to 122 percent with
excellent reproduciblity in duplicate analyses. Similarly, the results of duplicate analyses of actual
samples were good, with deviations of less than S percent in most cases and maximum deviations
of less than 10 percent.

Recoveries of blind spikes submitted by Southern Research Institute with the samples were
mixed. Recoveries of spiked HNO3/H,0, solutions fell in the range of 85 to 122 percent as did
the results for the two higher level spikes in KCI solutions. However, the recovery for the low
level spike in the KCI solution was only 31 percent and the recoveries for all of the spiked
KMnOy solutions were all low, ranging from 22 to 64 percent. The cause of the latter results are
not known; however, given the good recoveries of spikes performed at Galbraith, they may
indicate a problem with the preparation of the spikes rather than in the analyses. Unfortunately,
by the time the results were obtained the holding times for the samples had long been exceeded
and re-analysis of suspect samples were not believed to be worthwhile.
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ATTACHMENT B1

Baseline Field Test Data
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MASS TRAIN OPERATICN dp PITOT df ORY dp PITOT P GRI

GAS ANALYSIZ - 0Z 6.5 0.200 0.54 0.560 1.50
oz 11.0 0.2206 0.53 0.580 1.5¢6
H2O 2.0 0.240 C.64 ¢.600 1.62
AVGE dP 0.4761 0.260 0.70 0.620 1.87
AMB PRESS, in Hg : 30.21 0.280 0.75 0.640 1.72
STACK dP, in HZC : -13.5 0.3C0 0.81 0.660 1.77
AVG SQR ROCT dP : 0.€3 0.320 0.86 0.8&80 1.83
- MINIMUM PITOT dP : 0.20 ¢.340 0.91 G.700 1.88
dP INCREMENT : 0.020 0.360 0.87 0.720 1.83
0.380 1.02 0.740 1.99

STACK GAS TEMP, F : 200 0.40C0 1.07 0.7&0 2.04
GAS METER TEMP, F 80 0.420 1.13 0.780 2.10
0.440 1.18 0.800 2.15

PITCT CONSTANT : 0.83 0.460 1.24 0.820 2.20
CRIFICE CCWNSTANT : 1.85 0.480 1.29 0.840 2.26
0.500 1.34 0.860 2.31

NOZZLE DIE, in 0.250 0.520 1.40 0.4880 2.36
SYSTEM FLOW, acfm 5.822 0.540 1.4% 0.900 2.42

FLOW, scfm : 0.62832



&MB PRESS, in Hg ¢
STACK dP, in H20
AVG SQR ROOT dP
MINIMUM PITOT dp

dP INCREMENT

STACK GAS TEMP, F
@AS METER TEME, ¥

PITOT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW, acfm

FLOW, scfm
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§/’J/o; METRIT _Tulet,

MASS TRAZN CPERATION dp BITOT dP ORI dp PITCT dP ORI

GAS ANALYSIS - 02 .5 C.0a0 G.00 0.260 1.00
co2 o i1.0 0.020 0.06 0.380 1.06
H20 .0 0.040 0.11 0.400 1.11
AVG dP : 0.4781 0.060 0.17 0.420 1.17
AMB PRESS, 1in Hg : 30,33 0,080 0.22 0.440 1.23
STACK dP, in H20 : -13.53 0.1090 0.28 0.460 1.28
AVG SCR ROOT dP : 0.69 0.120 0.33 0.480 1.34
MINIMUM PITOT dP : 0.00. 0.14¢ 0.39 0.500 1.38
dP INCREMENT : 0.0620 0.1lc60 0.45 0.520 1.45
G.180 0.50 0.540 1.50

STACK GAS TEMF, ¥ 235 0.200 0.54 0.5¢0 1.5%6
GAS METER TLMP, F 80 0.220 0.61 0.580 1.82
0.240 0.67 0.600 1.67

PITOT CONSTANT : 0.83 0.260 09.72 J.620 1.73
ORIFLICE CONSTANT : 1.85 0.280 0.78 0.640 1.78
0.300 0.84 0.660 1.84

NOZZLE DIA, in : 0.250 0,320 c.89 0.680 1.89
SYSTEM FLOW, acfm 0.304 0.340 0.95 0.700 1.85

FLOW, scfm : 0.64074



MASS TRAIN COPERATICN

i
i
'
i

GAS ANATYZIZ - 02 5.3
cozZ 11.0
HZG 5.0

AVGE dP 0.4761

AME PRESS, in Hg 30,33

STACK dP, in H20 -13.5
VG SOR ROOT <P 0.69

MINIMUM PITOT 4P 0.00

dP TNCREMENT 0.040

STACK GAS TEMP, F 235

GAS METER TEMP, F g0
PITOT CONSTANT : G.8

ORIFICE CONSTANT : 1.85

NOZZLE DIA, in : 0.250
SY3TEM FLOW, acfm 2.804

FLOW, scfm : 0.64074

dp PITOT
.G00
040
. 080
120

Do O o OO aoo
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O D O

el

Lied
.200
.240
.280
. 320
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WEIGHT SHEETY

S&m‘

Cate: D # Final 3509 Final 15 /. 3
Run # OMT~ 1w mitiat 1013|350 mitiaq ©-43 |25
Net Net 2 / 27
Date: 1D # Final 7é’ S" BN Final Ds? Lf"'f .
Run # OMT2 W Initiat /2 7% 250| mnitiat 49 94 |z
' Net ' . Net
Date: D # Final 276/ Finat &Y. S |
Run # o MT_2y | Initial 6-A 12N it S8-39  poo
Net Net
Date: 1D # Final Final
Run # OMT -4 | Initial 140 .24 1350| mitiat 128 32 psoflV”
Net ‘Net
Date: 1D # Final Finail
Run # OMT Initiatl nitial
Net Net
Date: D # Final Final
Run # OMT - initial GO .07 |3 mitial So-40 |20
Net Net
Date: D # Final Final '2/ e g
Run # COMT-2,0 |miiar 62 7] B00| mitims $1-9 ¢ (20
Net Net
Date: 1o # Final Final
Run # OMT=3W [ mitiai $6-2 4 o) mitiar S > oo
Net Net e
Date: D # Final Final
Run # Initial Initial
Net Net
Date: o # Final Final
[ Run # Initiail Initlai
Neat Not
Date: D # Final Final
Run # Initial Initlal
Not Not



RUN IDENTIFICATION:
RUN DATE :
GAS ANALYSIS - O2

(Dry Basis) - CO2:

Setup value - H20:
AMB PRESS, in Hg
STACK dP, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIRB
DUCT AREA, £t2

H20 COLLECTED, ml
EARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, f£t3:
AVG SQRT PITOT dp
AVG ORI &P, in H20:
AVGE STACK TEMP, F
GAS METER TEMP, F

Mi7-1
3/6/01

68.8

27.7
20

47 .596
0.625
1.1080

236
54

REDUCED MASS TRAIN DAT2Z

ISOKINETIC AGREEMENT, %:

CALCULATED % HZ20

AVE GAS VELQCITY, ft/s

AVG GAS TEMPERATURE, F

GAS VOLUME FLCOW, acfm
decfm
wscfm

Dry Gas lb/hr:
Moisture 1lb/hx:
Total 1b/hr:

MASS LOADING, gr/acf
gr/dscf
mg/acm
mg/dscm
gr/dsct @7% 02

gr/dscf @l12% CO2

EMISSION RATE, Ib/hr

EMISSION RATE, #/E6-Btu:

~ o oo

o]

28.8
236
439,807
305,935
325,512
1447183
54775
15031958
.85E-03
L43EKE-03
.34E+01
.93E+01
.30E-03
L48E-03

L21E+01
. 75R-02



RUN IDENTIFICATION:
RUN DATH :
GAS ANALYSIS - O2

{(Dry Basis) - CO2:

Setup value - H20:
AMB PRESS, in Hg
STACK dP, in H20

NOZZLE DIA, in
PITOT CCNSTANT
GAS METER CALIEB
DUCT AREA, £t2

420 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOI,, ft3:
AVG SQRT PITOT dp
AVG ORI dP, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

78.3
430.4
20

53.035

0.700

1.400

230

50

ISORINETIC AGREEMENT, %:
CALCULATED % H20

AVCE CAS VELOCITY, ft/s=s
AVG GAS TEMPERATURE, F
GAS VOLUME FLOW, acfm
dgcfm
wscim
Dry Gas 1b/hr:
Moisture 1b/hr:
Total 1lb/hr:
MASS LOADING, gr/acf
gr/dsct
mg/acm
mg/dscm
gr/dscf @7% 02
gr/dscf @12% CO2

EMISSION RATE, l1b/hr
EMISSION RATE, #/Ee6-Btu:

[N g R

V8]

43 .2
230
490,053
345,024
367,800
1627155
63726
1650881
.34E5-02
.19E-01
L91E+02
L72E+02
L14E-01
.0SE-0L

.50E+02
LA1E-01



RUN IDENTIFICATION:
RUN DATHE :
GAS ANALYSIS -~ O2

(Dry Basis) - CO2:

Setup value - H20:
AMB DRESS, in Hg
STACK dB, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIRB
DUCT AREA, f£t2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, f£t3:
AVG SQRT PITOT dp
AVG ORI &P, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

77.9
356.6
S0

51.243

0.690

1.400

235

57

ISOKINETIC AGREEMENT, %:

i

CALCULATED % H20

AVG GAS VELOCITY, ft/s
AVGE GAS TEMPERATURE, F
GAS VOLUME FLOW, acfm
dscfm
wggim

Dry Gas lb/hr:
Moisture lb/hr:
Total lb/hr:

MASS LOADING, gr/acf
gr/dsct
mg/acm
mg/dscm

gr/dscft @7% 02
gr/dsct @12% CO2

EMISSION RATE, lb/hr

EMISSION RATE, #/E6-Btu:

RN R ]

bW

108.9
6.4

42 .8
235
485,325
338,452
361,786
1593633
65288
1658922
.99E-G2
LA5E-01
.B3E+02
.63E+02
.17E-01
L10E-01

.33E+02
L47E-01



B1b-Ontario Hydro



1bs Arpunums
‘Bay Bay XBIA] KRN Savy day 1e10L Bay BAY Bay XBIA g0], 180111504
\ /
-
| NI
O 1
(8
A8ep | gBep | duway, | g8ep | g Bep |  Fop o OTH W | OTH W | g '8ep JoquinN
% JoIm) 121Uy jepnQ | dwep | -dwey, | cdwaj, ‘TOA HA Jdda dwaj, |- 84 w QUILT, o Quary,
00/f0 | INHA WO “darp Q10§ | 111 | 2qoig NN DYLO | 0] yomg | wnnovp | opdweg | 9s¥0ARI] | NOO[D
HWIL aNA HINIL LIVLS
0 ‘ONA JHLANW SVD O LAVIS YHIAW SVD
OTH 61 “JJ1( 2mssai1g Nowispong LD / @HJ 9oJU0 dl =230
18913150 ‘Uyyo ‘orey yeey \w 04 “9INISIOIA PSSy M 99 r\w _,Q I0)o] [B)) 19191\ SBD)
189)21] ‘wyo ‘o3 jea] ] ‘o “dma, justquury \q T,Nu 2 O 7 (J1 X0g 193014
(pasn J1) (I ‘74 ™1 7 'Cs "G W “Esmmuwww ow?bmm _ [ "ON UMY/ ON 189
) f
18911504 UYO ‘arey qea] S (8l (/) soyoul 19y .@oﬁmoz _ 9 \m\ ae(]
4 < |
189121 ‘U0 ‘eyeyf o] \ > V - ) dIszzoN % M.,ﬁb \ @Q& s10jes0dQ0)
LD N @ ) Rp2ee A CTERR ALR T D amREae)ond S ety \ HOEITIATEL
VIVA dTIAA € QOHLEN
\‘.«c Iﬁommm T roN Uy CONIsad,

5107/ ad




Ontario Hydro Mercury Train Setup and Recovery Weights

Prepared by: i/ﬂﬁé/ﬂer/ %X/

Date: (_?-3/&5/0/’ Project:
Train ID: L@c«;z‘,& f Dier | Run No.: ADA-I- G|
Filter 1D: va D
Weight, orams
Initial - Final Net Color
Impinger 1 - 100 ml KCI Solution (p(yq B
Impinger 2 - 106 ml KCl Solution REL2
Impinger 3 - 100 ml KCI Solution Sagabie
Impinger 4 - empty 4:3% i
Impinger 5 - 100 ml ANO3/H202 Solution 500, 8
Impinger 6 - empty ik §
 Impinger 7 - 100 ml H2SO4/KMnO4 Solution 532, &
Impinger 8 - 100 ml H2SO4/KMnO4 Solution 5474
Impinger 9 - 100 mi H2SO4/KMmO4 Solution ¢4 2
Impinger 10 - empty S724. T
Impinger 11 - silica gel $1.2
Net Total:
Additional Comments: @
Date Time

a.J és’/g- i

Received for samplmg by: ‘x, .

.,\
Received for recovery by:

[¢ges
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Ontario Hydro Mercury Train Setup and Recovery Weighis

Date: :0\3//)5 Za/ Project: A 7S [ L
Train ID: /(o £ | RunNo.: o3~ 1|
Fiiter ID: _() £l
| Weight, grams
Initial Final Net Color
Impinger 1 - 100 ml KCI Solution 588.9 5% .2
Impinger 2 - 100 ml KCI Solution peH. | bhod f
Impinger 3 - 100 ml KCl Solution b59.8 659§
Impinger 4 - empty ‘ 53 & HE3 |
Impinger 5 - 100 ml BNO3/H202 Solution p50.7 508
Impinger 6 - empty H3i.7 432
Impinger 7 - 100 m] H2SO4/KMnO4 Solution  S95.p 590
Impinger 8 - 100 ml H2SO4/KMnO4 Solation 5 7/. 4 ST
Impinger 9 - 100 ml H2SO4/KMnO4 Solution  £&2.4f L o2, 5
Impinger 10 - empty #7682 #78.3
Impinger 11 - silica gel At T54.5 Btdtper
753.7 e z
Net Total:
Additienal C ominents:
- s T G Date Time

5
‘;_ i __,j 'Mi_/ N E
Prepared by: {Ei_/i: IRTENN k(/ D %h;}é(

03hshi 1300

v
Received for sampling by: P
o~

:QZ/’d’f/or’ /V‘CJ?

Received for recovery by: ‘/,(_‘/‘,,;‘“""'- m{ v

/

& _3‘4;.3‘22 / [Y &7



GCAS ANALYSIS - CZ
Coz2
E20 :
AYVG dP
AMB PRESS, in Hg
STACK dF, in H2O0
AVG SOR ROOT dP
MINIMUM PITOT dP
AP INCREMENT

STACK GAS TEMP, F
GAS METER TEMP, T

PITOT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW, acfim

FLOW, scfm
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Ontarie Hydro Mercury Train Setup and Recovery Weights

Date: 3/ év/,f/C?! Project: A5 ) o~

Train ID: Th/ed /v - Run No.:

ADA - T2,

Filter ID: CQ F: ]7

Impinger 1 - 100 mi KC1 Solution
Impinger 2 - 100 ml KCI Solution
Impinger 3 - 100 ml KCI Solution
Impinger 4 - empty

Impinger 6 - empty

Impinger 10 - empty
Impinger 11 - silica gel

Additional Comments:

Weight, grams
Initial Final Net Color
3871 2580
(e8G9  ¢lo.3
(447 6el.8
54 L A5 G
Impinger 5 - 100 ml ENO3/H202 Solution w52.b 2 A
#37.2 Y433, |
Impinger 7 - 100 ml H2S04/KMnO4 Solution 5% .5 558.0
Impinger 8 - 100 ml H2SO4/KMnO4 Solution 574/, 57 ¢
Impinger 9 . 160 ml H2SO4/KMnO4 Solution o 3 Lo 3
79,9 86,0
1548 Wb b opend”
Net Total:
N _ szte Time
Prepared by: Z y,Ifru,mu\L 5\%,,?@ [,\ r;%/(}’(u Iw 2545
Received for samplmg by: //’Z){/ﬂ CC}-)\* 3/& /oi iy M @D 3/5% !
Received for recovery by: iu;mw 70 W 43/% /c:{ /530

o



T2 / Ol / O |

!
.—‘/I

MASS TRAIN OPERATION dp PLTCT  dP ORI dp PITCT  df GRI
GRS ANALYSIS - O2 8.0 0.108 0.7 1.600 1.86

coz 12.5 0.150 0.25 1.050 1.74

E20 5.0 0.200 0.33 1.100 1.82

BVG dP 0.4751 0.250 0.41 1.150 1.50

AMB3 PRESS, in Hg 30.30 0.300 C.50 1.200 1.99

STACK dP, in E20 -13.5 0.350 0.58 1.250 2.07

AVG SQR ROCT dP 0.69 0.400 0.66 1.300 2.15

MINIMUM PITOT dE 0.10 0.450 0.74 1.350 2.23

4P INCREMENT 0.050 0.500 0.83 1.400 2.32

0.550 0.91 1.450 2.40

STACK GAS TEMP, F 260 0.600 0.99 1.500 2.48

GAS METER TEMP, F 75 0.650 1.08 1.550 2.57

C.700 1.16 1.600 2.65

PITOT CONSTANT : 0.83 C.750 1.24 1.650 2.73

ORIFICE CONSTANT  : 1.87 C.800 1.32 1.700 .81

, 0.850 1.41 1.750 2.90
frﬁgﬁY NOZZLE DIA, in : 0.222 0.900 1.43 1.800 2.99
SYSTEM FLOW, acfm : 0.720 0.950 1.57 1.850 3.06

FLOW, scfm : 0.49161



GAS ANALYSIS - Q2 8.0
coz 12.5
H20 8.0

AVG dP H 0.476l

AMB PRESS, in Hg 30.30

STACK dP, in H20  : -13.5

AVG SQR RCOT dp : 0.69

MINIMUM PITOT dP  : 0.00

dP TNCREMENT : 0.030

STACK GAS TEMP, F 240

GAS METER TEMP, F 75

PITOT CONSTANT : 0.83

ORIFICE CONSTANT  : 1.87

NOZZLE DIA, in : 0.222

SYSTEM FLOW, acfm : 0.709

FLOW, scfm : 0.49858

___;/{/"ASL'?X 3’/@/0( AN

dp PITOT
.000
. 030
.060
.090
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180
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Ountario Hydro Mercury Train Setup and Recovery Weights

Date: %Xgé/‘o {

Project: 425/ 2. 4
T

Train H):fﬂf{ %?um o

Run No.: Apg~/-Lf.

Filter ID: $F+

Impinger 1 - 100 mil KCI Selution
Impinger 2 - 100 ml KCl Solution
Impinger 3 - 100 mi KCl Solution
Impinger 4 - empty

Impinger 6 - empty

Impinger 10 - empty
~ Impinger 11 - silica gel

Additional Comments:

Received for samplmg by:

Weight, grams
Initial Final Net Color
5% 1 (At
552.0 5517
5937 syde
12(.9 #22.b
Tmpinger 5 - 100 ml ANO3/H202 Solution vy 4190
153 21357
Impinger 7 - 100 ml H2SO4/KMnO04 Solution tof.o N ¢
Impinger 8 - 100 m1 H2504/KMnO4 Solation Stz 594, %
Impinger 9 - 100 ml H2S04/KMnO4 Solution ~_§°¢S. ¢ S8L.2
. 5¢6l.o 1.8
718.7 T2 B
Net Total:
Date Time
@ Prepared by: (Z@WL % afﬁ/oé lot )5
RISV, ety /535
sifecl) 1860

" Received for recovery hygr/imrﬁ- ,{0 J \,{VW
: ' 7



o

MASS TRAIN CPERATION do PITOT dP CRI dp PITOQT dF ORI

GAS ANALYSIS - 352 8.0 0.0046 0.00 0.3540 0.532
coz i2.5 0.030 0.03 0.570 0.58
HZ20 : 8.0 0,084 0.08 0.600 0.53

&VG dF 0.4761 0.0%0 n.09 0.630 0.62

AMB PRESS, 1in Hg 30.30 0,120 0.12 0.660 .65

STACK dp, in H20 -13.5 0.150 0.15 0.8&50 0.68

AVGE EQR ROOT dp 0.69 0.180 0.18 0.720 c.71

MINIMUM PITOT dP 0.40 0.21¢ 6.22 0.750 0.74

dP INCREMENT 0.030 0.2490 0.24 0.780 0.77

0.270 0.27 0.810 0.80

STACK GAS TEMP, F 240 J.300 0.30 0.840 0.83

GAS METER TEMP, F 75 0.330 0.33 0.870 0.86

0.360 0.35 0.3G0 d.89
PITOT CONSTANT : 0.83 0.390 0.28 0.530 0.92
ORIFICE CCONSTANT : 1.87 C.420 0.41 0.360 0.85
0.450 0.44 0.9380 0.98
NOZZLE DIA, in : 0.183 0.480 G0.47 1.020 1.01
SYSTEM FLOW, acfm 0.540 0.51¢ 0.50 1.050¢ 1.03

FLOW, scfm : 0.37332



T

/W LRT 2 U3

MASS TRAIN CFERATION dp PITOT

GAS ANALYS3IS - 02

cod

Hao
AVG dP
AMB PRESS, 1in Hg
STACK dP, in H20

AVG SQR ROOT dP
MINIMUM PITOT dP
dP INCREMENT

STACK GAS TEMP, F
GAS METER TEMP, F

PITCT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW,

FLOW, scfm

acfm

8.0 0.000
12.5 0.030
8.0 0.080
0.4761 0.090
30.30 0.120
-13.5 0.150
0.69 0.186
0.00 0.210
G.030 0.240
0.270
240 0.3C0
75 0.330
0,360
0.83 0.390
1.87 0.420C
0.450
0.1%89% 0.480
0.574 0.510
0.40324

OO0 O 00O O 0o OO0 O00 o 00
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MASS TRAIN OBERATION dp PITOT P QR] dp PITCT 4P ORI
GAS ANALYSIS — 02 £.5 0.400 0.28 1.300 1.25
con o 11.0 0.450 0.43 1:350 1.30
H2O 2.0 0.500 D.48 1.400 1.324
AVE dP : 1.06916 0.550 0.953 1.450 1.39
AME PRESS, in Hg : 30.21 0.600 0.5 1.500 1,44
STACK 4B, in H20 : —19.0 0.650 0.62 1,550 1,45
AVG SOR ROOT dF : 1.03 0.700 0.87 C1.600 1.54
MINIMUM PITOT dP : 0.40 0.750 0.72 1.650 1.53
dP ~TNCREMENT : 0.050 0.800 0.77 1.700 1.63
- _ 0.850 0.82 1.750 1.68
STACK GAS TEMP, F 240 0.900 0.86 1.800 1.73
GAS METER TEMP, F 80 0.950 0.91 1.850 1.78
1.9000 0.96 1.900 1.82
PITOT CONSTANT : 0.87 1.050 1.01 1.950 1.87
ORIFICE CONSTANT : 1.87 1.100 1.06 2.000 1.92
1.150 1.10 2.050 1.97
NOZZLE DIA, in : 0.187 1.200 1.15 2.100 2.02
sysFEM FLOW, acfm : G.811 1.250 1.20 2.150 2.06

FLOW, scfm : 0.56836

!
Vel L\
NG 4
/"’I‘.




Ontario Hydro Mercury Train Setup and Recovery Weights

Date: 1?357;{713/0'} - Project: 426/-7 ‘ *
Train ID: C“Kf”zf :Z}LDH 7 Run No.: ADA-1-07
"
Filter ID: _ & FZ.
| Weicht, srams L y
Initial Final Net Color
Impinger 1 - 100 ml KCI Solution £7e.d 727. 7
Impinger 2 - 100 m1 KCl Solution 5344 5854 |
Impinger 3 - 100 mi KC1 Solution - (K3 . 6gb.o ) .
Impinger 4 - empty N H6H o
Impinger 5 - 100 ml HNO3/H202 Solution Le2. % (e e
Impinger 6 - empty | i 7.7
Impinger 7 - 100 ml H2SO4/KMnO4 Solution  5¢7 7 5979 o
Impinger 8 - 100 ml H2SO4/KMnO4 Solution 57743 5965
Tmpinger 9 - 100 ml H2SO4/KMnO4 Solution 4 0%, 7 5826
Impinger 10 - empty | ?51%3; YA
Impinger 11 - silica gel . Sl 4 5287 3 Vi A}ﬂ,@f/
a & ‘ ¥
Net Total: . CT
Additional Comments: - . .
Kifndu  foo ot woTope %TTQK ' o N
s, oo $1 e sl :
. ) : .
a 5
+ a ® ® % )
. & ., . Date Time
" Prepared by: Zi/;}mlmi, %ff&»@a A . s2lochy 2930
% Received for sam;i_hno by: Ny ?(igj?/g, Z’(} ti FC,U\ 7l _ v i,;'/G(.; / s 0530

et \ P _—
Received for recovery by: %, WM,C J{;%i%&g\@ # 03 ;C, /a t 153

O - :
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MASS TRAIN OPERATICHN

GAS ANALYSIS — 02
coz
H2O
AVG dP
AME PRESS, in Hg
STACK dP, in H20
AVG 3QR ROOT dP
MINIMUM PITOT dP
dP INCREMENT

STACK GAS TEMP,
GAS METER TEMF,

tg g

PITOT CONSTANT
ORIFICE CONSTANT

WNOZZLE DIA, in
SYSTEM FLOW, acfm

FLOW, scfm
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Ontaric Hydro Mercury Train Setup and Recovery Weights

Weight, grams

Final

Net

Color

582.1
5554
o, 2

L5 2
Y5, 8

Date: f?ﬁ/d?&gﬁ/ Plzoject: A250,7
Train 1D: Dudfeé n 3 Run No.: ApA=4-—8Z
ADA -~ O3
Filter ID: _QF3
Initial
Impinger 1 - 100 mi KCI Solution 5976
Impinger 2 - 100 ml KCi Selution 580/
Impinger 3 - 100 ml KCI Solution SEH- 5
Lfo‘?:’?
Impinger 4 - empty
Impinger 5 - 100 ml HANQ3/H202 Solutmn %&3’9 k.
TS
Impinger 6 - empty 4&1/9“:’[’
S

Impinger 7 - 100 i H2S04/KMnO4 Solution
[mpinger 8 - 100 ml H2S04/KMnO4 Solution
Impinger 9 - 100 ml H2804/KMnO4 Solution
[mpinger 10 - empty

Impinger 11 - silica oel

Additional Comments:

Prepared by

W,(ﬁﬁm

574.5

58225750 576, S
(ﬁ Z"“/ 6‘:-&5?,‘::2 d" g Z fl z

5o 7

.’3 3'{} 7

s03 7
Hsﬁt

Net Total:

Received for sampling by:

Lg}

Received for recovery by: T/ -

/
[}

Date
o .5/06]1{

A Vs pp ot

Time

1{bo

3{0{01’ s

s3/s¢f

ai oo



MAS3 TRAIN OFERA

GAS ANALYSIS - O2
co2

H20 :

AVG dP
BMB PRESS, in Hg
STACE db, in H20
2AVG FOR ROOT 4P
MINTMUM PITCT 4P
dP INCREMENT

STACK GAS TEMP, F
GAS METER TEMP, F

PITOT CONSTANT
ORIFICE CONSTANT

NCZZILE DIA, in
SYSTEM FLOW, acfm

FLCW, scim

0.1889
0.813

0.57763

H OO0 00 o0 o0 oo OO

.200
.250
L300

L350

LA00
L4350
.500
.550
L2006
. 650
.700
.750

800

. 850

500

L850
. 000
.050

[

= e

I e i e o

T I S S ol e R



MASS TRARIN CPERATICHN

GAS ANALYSIS - CF
coz
HZ0
AVG dP
AMB PRES3S, in Hg
STACK dP, in HZ20
AVG SQR ROOT dP
MINIMUM FITOT dP
dP INCREMENT

STACK GAS TEMP, F
GAS METER TEME, F

PITOT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW, acftfm

FLOW, scim

OUTLET 4 2 ;%72%/4>/ /9yy1.

0.187
0.802

0.5703

dp PITOT

OO O 000 0000 0Cc0Oo 0o aoado

.100
.150
L2000
.250
L300
.350
460
. 450
. 500
.550
. 600
. 650
1.700
1.750
1.830
1.850
1.80¢C
1.950

(L e i e

e N i
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Ontario Hydro Mercury Train Setup and Recovery Weights

Date: «93/74; Project: A25]. Z
Train ID: T4 /it (]»'—?,)m 4 Run No.: ADA-| - L4

Filter ID: 5) f{,,-

Weicght, srams
Initial Final | Net Color

Impinger 1 - 100 ml KCl Solution 567./ o3, 2-

Impinger 2 - 100 ml KCI Solution so9.¢ 4/0.7

Impinger 3 - 100 ml KCl Solution 4edS (63 4

Impinger 4 - empty 5L oy, L

Impinger 5 - 100 m1 ANO3/H202 Solution 6534 572

Impinger 6 - empty 33,0 “32,8

Impinger 7 - 100 ml H2SO4/KMnO4 Solution 5779  S97 ¢
Impinger 8 - 100 ml H2S04/KMnO4 Solution 5745 E77L

Impinger 9 - 100 ml H2SQ4/KMnO4 Solution (ed 7 1-03.9
Impinger 10 - empty ST 7 79,7
Impinger 11 - silica gel 766.2 776.0 Yo epe 1
f FZ
Net Total:

Additional Comments:

Date Time
Prepared by:. kﬁuﬁzf{mmu L \ﬁ»{éswv 23 07/’»’/ /B¢
Received for samplmg by: ML‘ X,,() @ 9’/7%3( (G52
Received for recovery by: L{?@%&M 10 \‘ju %&O\é 9’7%7:/9/? /200




!

0 LB ’5/7/01

MASS TRATN OPERATION

CAS ANALYSIS - 02 8.0
coz2 2.5
H20 . 8.0
AVE dP 0.476
AMB PRESS, in Hg 30,20
STACK 4P, in HZG -12.5
AVG SOR ROCT dP 0.69
MINIMUM EITOT dP 0.02
dP INCREMENT 0.020
STACK GAS TEMP, F 240
GAS METER TEMP, F 60
BITOT CONSTANT : 0.832
ORIFICE CONSTANT : 1.87
NGZZLE DIA, 1in : 0.1593
SYSTEM FLOW, acfm : 0.540
FLOW, scfm : 0.3793
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MASS TRAIN OPERATION dp PITOT P ORI dp PITOT
GAS ANRLYSIS - 02 £.5 0.200 0.18 10186 03
coz 12.5 G.250 0.23 1,150 S
H20 5.0 0,300 0.28 1.200 1.13
AVG 4P 1.06918 0,38 0.33 1.250 1,17
AME PRESS, in Hg 20.30 0.400 0.38 1.300 1.22
STACK dP, in H20 -19.0 0.45 0.42 1.350 1,27
AVG SQR ROOT dP 1.03 0.500 0.47 1.400 1.3
MINIMUM BITOT dP 0.20 0.550 0.52 1.456 1.36
4P THNCREMENT : 0.050 0,600 0.56 1.500 1.41
0.650 0.61 1.550 1.45
STACK GAS TEMP, F 230 0.700 0.66 1.600 1.50
CAS METER TEME, F : 60 0.750 0.70 1.650 1.55
0.800 G.75 1.700 1.60
PITOT CONSTANT : 0.87 0.850 0.80 1.750 1.64
ORIFICE CONSTANT  : 1.87 0.900 0,34 1.800 1.69
0.950 0.89 1.850 1.74
NOZZLE DIA, in : G.187 1.000 0.94 1.960 1.78
SYSTEM FLOW, acfm : 0.801 1,050 0.99 1.950 1.83

 FLOW, scfm : 0.57111




Ontario Hydro Mercury Train Setup and Recovery Weights

Date: 03/0’74)/ Project: A25S] 2.
Train ID: ,Ou{/f/; ﬂan 4 Run No.: ADA-/-O4

Filter ID: G5~ St Bomdirnivg Lecke i/

@F 7 Weight, prams
Initial Final Net Color

Impinger 1 - 100 ml KC1 Solution 569/ 7471

Impinger 2 - 100 ml KC1 Solation ) 554/ YA

Impinger 3 - 100 ml KCI Solution 4053 poe, -

Impinger 4 - empty VA 76 4. 8

Impinger 5 - 100 ml ANO3/H202 Solution G o S ol

Impinger 6 - empty Y20,/ 208

Impinger 7 - 100 ml H2SO4/KMnO4 Solution 557 % 5985

Impinger 8 - 100 ml H2S04/KMnO4 Solution 572, 2 572,20

Impinger 9 - 100 ml H2S04/KMnO4 Solution 6068 406.8

Impinger 10 - empty 5272 S527.7
Tmpinger 11 - silica gel , 925 £ ST
Net Total;

Additional Comments:

Date Time

Prepared by: wmmﬁ—f @ Cﬂh&&t&;&}& = /o ‘7/0 { iecee

Received for samplmg by: %m.,ﬁ i 0 Ne A o 5/ 0 'Mc’] {6 37

Received for recovery by: %(2,4&,}/7%9\ JO %V%SEQ a3 a?// /544



Chain of Custody: Cntaric Hydro Mercury Train

iy
Date: £3/0875 /

Test No.; - APA4-4. o

ALSE, 2
Project Number: 7

Location: ML

APPROXIMATE VOLUME

« SAMPLE NO.

o Filter No. 11D:_QF |
FilterNo. 210:_A/A

Hig-

APA ~{ -Ti—|

Y/

THg=
*Front Wash (Acetonc) 100ml Mg ADPA-I-Tj-2.
“ Front Wash (0.1 N HNO3) 100ml __ 1Hg. ADA-I~TI-3
» Tmpingers 1,2, and 3 -1 (KCD___ 1He. ADA-I-Ti- 4
Tipingers 1, 2, and 3 -2 (Kcn___(ﬁ needed) AHe~ ﬁ{/ A
Impingers 1, 2, and 3 -3 (KCI)____ (if needed) FHe- Y, /4‘
+Impingers 4 and 5 (Dry and HNO3/H202) Wer ADA-I-Ti-§
s Ympingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 e ADA-I-ZI-¢
(vented hottle) _
Tmpingers 6, 7 8 and 9 (dry and H2804/KMnO4) -1 HHge U/@“
(vented bottle) if needed
¢ HNOS/HZOZ?B[ank (38%1-4-2) 100 ml ___ e ADA-[-X]-T
s H2SO4/KMnO4 Blank_ (35 88(’3"‘7) 100mi g ADA-(-Zi-%
+ 1IMKCI Blank_(T§8{—3-9) 100ml __ iHa ADA-|-ZI-9
¢ Acetone Blank__ (3§51~ i{--(o) 100ml 1Hg- Apu-1-Ti-jv
Acetone Lot No. _00( 793
» 0.1 N HNO3 Blank_(3881-3-3) 00m b APA-1-TI- 1]
‘ %}W!Je[ (581~ #-5) [oem ADPA- |- 1~3
e P9 K (35573 1eoml Aop-zi- it
¢ Filter Blank ID: b 1Hg. ADAI-ZI-i2
Sample Recovered By: ) ; Date: Qj/éﬁTime: [/ Geo

Sample Relinquished By

Date: 03/e7/6;Time: /& /A

Sample Received By: (] ﬂ/"L L\—\ Date: E/Z/Q/ Time:_/8[ T
Sample Relinquished By: Date: __Time:
Sample Received By: Date: Time:
Sample Relinquished By: Date: Time:
Sample Received By: Date: Time:




Chain of Cusicdy: Oniaric Hydro Mercury Train

Project Number: A 2512 Date:_¢C/ot fo{

Location:m'gnﬁii' Cun 2. ' Test No.: - ADAH- T2
APPROXIMATE_VOLUME . SAMPLE NO.

¢ FilterNo. 110: RFLT 1He. ADA~1-12-f
Filter No. 2 ID: e /“}/7

* Front Wash (Acetone) 00ml 1He ADA-/-Z2-Z_

» Front Wash (0.1 N HNO3) 100mt g APA-IZ2°3

* Impingers 1, 2, and 3 -1 (KCH__ He- ADA- L2~ 4

Tmpingers 1,2, and 3 -2 (Kcn_df needed) i A553- /A
Tmpingers 1, 2, and 3 -3 (KCI)___ (if needed) Yy R/ r

+ Impingers 4 and 5 (Dry and HNO3/1202) 1Hse- ADA-(-17-5

+ Impingers 6,7, 8 and 9 (dry and H2SO4/KMnO4) -1 1My ADA-1-22-6

(vented bottle)_ _
Impingers 6,7, § and 9 (dry and H2S04/KMnO4) -1 Hgs /\3/ 4
(vented bottle) if needed
HNO3/H202 Blank 100 ml___ 1Hg-
H2S04/KMnO4 Blank 100 ml ___ 1Hg-
IN KCl Blank ‘ 00ml . 1Hg-
Acetone Blank _ 100 md _ 1Hg-
Acetone Lot No.
0.1 N HNO3 Blank 100ml __ 1Hg-_

0.1 N HNO3 Lot No.

Filter Biank ID: 1Hg-
Sample Recovered By:: Z.)WMVO W M@iﬁ Date: %Tlme' I530
Sampie Relinguished By(f( )ﬂ-‘fr*Q}O \Xiﬁ%”\*g Date: 03(67/4’ Time: { Q (2~
Sample Received By: /)«A ﬂ/\L Date-%ﬁme- / (

Sample Relingquished By Date: Time:
Sampie Received By: Date; Time:
Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:




Chain of Custedy: Oniaric Hydro Mercury Train

Project Mumber: Azslo Date: 03/05-: o i
Location: Ouiéﬂg’ 'EM\L ‘ Test No.: -ADA - {~0 2
APPROXIMATE VOLUME « SAMPLE NO.

¢ Filter No. 1ID: QFZ' tHee ADA- (=02~
Filter No. 21D:___{JJA g N/A

» Front Wash (Acetone) 100ml _ wg ADA -1~ 02-2_
« Frout Wash (0.1 N HNO3) 00ml _ iHe ADA -I-025
e Tmpingers 1, 2, and 3 - (KCI)_ e ADA- (02 -4
Impingers 1, 2, and 3 -2 (KCI)___(f necded) g~ AJ/ Piis
Tmpingers 1, 2, and 3 -3 (KCl)___(if needed) 1Hg- /t)/ A
# Impingers 4 and 5 (Dry and ANO3/1202) 1Hg- ADA-[-0Z /e
« Impingers 6, 7, 8 and 9 (dry and H2SO4/KMnO4) -1 Aue- ADA-! ’DZ“f “
(vented bottle)_ _
. § Wfﬁ-tﬁ_% 03/0‘:6
ko Impingers 6, 7, 8 and 9 (dry and H2SO4/KMnO4) -1 Hip-
(vented bottle) if needed
% ¢ iNO3H202 Blank (3 € B[-S-22) woml __ He- ADA-[-02-7
¢ H2SO4/KMnO4 Blank @V-Lga%ﬁf’@(jﬁg 1’5"_4) 00ml ke ADA02-X
¢ JN\K.Cl Blank (S 5% 1-S ’3) 100ml 1Hg- ALA - [—-© 9
Acetone Blank 100mi ___ He /\)/ A
Acetone Lot No, |
+ 0.1 NHNOS3 Blank (5‘33(” -5) 100mt W= ADA-[-02-10
. :mmﬁu Blark- | ooml ADA -1 -o2- 1
(X8(-5-77)
Filter Blank ID: 1Hg-
Sample Recovered By: ‘ \te: E/Aﬁ!g(l‘lme 53¢
Sample Relinquished By:/ £ it Kl izt A Date: Qié / ot Time: {612
Sample Received By: J Date:gf/Z/!{/ Time: /%[ T—
Sample Relinquished By:d | Date: Time:
Sample Received By: Date: Time:
Sample Refinquished By: Date: Time:

Sample Received By: Date: Time:




Chain of Custody: Cniario Hydro Mercury Train

Project Number: A231.2- Date: &3’/@4[0{

Location: « fralaf Krn 3 | Test No.: - ADA - 1 - T.3
APPROXIMATE VOLUME . SAMPLE NO.
¢ Filter No. 11ID: Q ¢ "t g ApA-j-L3-]
Filter No. 21D:__AY/A Pe- A)/‘*
¢+ Front Wash (Acetone) 1W00ml He- ADA-I-Z1372
+ Front Wash (0.1 N HNO3) 100ml g A04°1-1373
+ fmpingers 1,2, and 3 -1 (KCD_ | e ADA-1L3H
Impingers 1, 2, and 3 -2 (KCI)__(& needed) 1He- /'f/fr
Impingers 1, 2, and 3 -3 (KCI)___ (if needed) +HE- /-)/4
¢ Impingers 4 and 5 (Dry and HNQ3/1202) dHes- Adp-1-13 =3
+ Impingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 e ADA-1-E3 -4
(vented bottle)_ _
Impingers 6, 7, 8 and % (dry and H2S04/KMnO4) -1 Hy— /\) / <
(vented bottle)} if needed .
HNOH202 Blank 100ml__ tHE /U/ 4
s H2SO4/KMnO4 Blank__ (I 8B 1~ &- 4) w0om - ADPA-(-L3-7
# INKCI Blank_(D 58 |-5-¢) 0W0m W ADA-( T3
Acetone Blank 100ml . 1Hg-
Acetone Lot No.
0.1 N HNO3 Blauk 100ml __ 1Hg-

(.1 N HNO3 Lot No.

Filter Blank ID: 4 1Hg-

Sample Recovered By: /. { £6f2f.4 LAy Date: Dib;fé’l‘ime: (1ee
Sample Relinquished Byy/ ,",n.’ Hr- AQ AY “ Date: A‘é"é?éTime: ﬁ_/_z_»__
Sample Received By: Uﬂob M\_LR_ Date: i,’( % Time:_/ 5 [ [
Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:

Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:




Chein of Custody: Ontario Hydro Mercury Train

Project Number: Azslz

Location: OU«!L /é* izm 57

Date: 03/06 [0 ]
Test No.: -ADA 1~ o3

APPROXIMATE VOLUME « SAMPLE NO.

+ Filter No. 11D:. 0F2

g ADA- - 03—

h’/ A

Filter No. 21ID:_____ HE-
¢ Front Wash (Acetone) 100ml e ﬁ“’DA “i-03-2.
+ Front Wash (0.1 N HNO3) 100ml ___ iHs ADA-|-03-3
+ Impingers 1, 2, and 3 -1 (KCl) e ADA- 1-03~F
Impingers 1, 2, and 3 -2 (KCI)__(& needed) Mg~ fJ/ A
Impingers 1, 2, and 3 -3 (KCI)___ (if needed) 1Hg- /‘J / A
» Impingers 4 and 5 (Dry and HNOY/H202) wre ADA-1-03°S
o Tpingers 6,7, 8 and 9 (dry and H2SO4/KMnO4) -1 e APA-1-03-4
(vented bhottle)_ _
Impingers 6, 7, 8 and 9 (dry and H2504/KMnO4) -1 S s son f)/ [
(veuted bottle) if needed
: "HN03/HZ(;“; Blank 100mi___ 1Hg
H2S04/KMnO4 Blank 100ml ___ 1Hg-
1N KCl Blank 100ml __ 1Hg-
Acetone Blank 100ml _ 1Hg-
Acetone Lot No.
0.1 N HNO3 Blank 100wl ___ 1Hg-
0.1 N HNO3 Lot No.
Filter Blank ID: 1Hg-

Sample Recovered By: m&émﬂ @ Mnate- &3/ ATnme 208

Date: 0/74T1me /842

Sample Relinguished By:

Sample Received By: Date: 7 Time:_/ 3 /
Sample Relinquished By: Date: Time:
Sample Received By: Date: Time:
Samplé Relinqnished By: Date: Time:
Sampie Received By: Date: Time:



Chain of Custody: Oniaric Hydro Mercury Train

Project Number: ALSELD Date: 021b7/o i

Locationsedndet Cum U Test No.: - ADA~ | - L #+
APPROXIMATE VOLUME . SAMPLE NO,

Filter No. 1 ID: QFG | He- ADA-1-TH-|

Filter No. 2 ID: 1Hg-- IJ/ 4l

Front Wash (Acetone) 100ml ___ 1Hg ADA-[-T4-2

Front Wash (0.1 N HNO3) 100ml _  aHg— ADA-I-TH-3

Tpingers 1, 2, and 3 -1 (KCI) : 1He- ADA-I T ‘lLLf :

Impingers 1, 2, and 3 -2 (Kcn__(if needed) 1Hs- N/ A

Impingers 1,2, and 3 -3 (KCY)___ (if needed) 1w MR

Impingers 4 and 5 (Dry and ENO3/H202) 1He ADA-] -T4-S

tmpingers 6,7, 8 and 9 (dry and H2SO4/KMnO4) -1 He  ADA T+l

(vented bottle)_

Impingers 6,7, 8 and 9 (dry and H2S04/KMaO4) -1 Ay /J/ 48

(vented bottle) if needed

ANO3/H202 Blank 100 ml __ 1Hg-

H2504/KMnO4 Blank 100ml ___ 1

1N KCl Blank 00mi __ 1Hg

Acetone Blank 100 ml __ 1Hg-

Acetone Lot No.

0.1 N HNO3 Blank 100ml __ 1Hg-

.1 N HNO3 Lot No.

Fiiter Blank ID: 1Hg-

: 03/97/0[
\éate:é? a')/ Time:%w

Date:v‘B/; TAKTime: / 5/ 2z

Sample Recavered By:

Sample Relinquished By:

Sample Received By: J:)Aﬂn/\/o é‘ﬂf \ U Date: % :74% Tirge:__/ 8 [
Sample Relinquished By:ﬁ Date: Time:
Sample Received By: Date: Time:
Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:




Chain of Custody: Ontario Hydro Mercury Train

Date: D:S’Ié'zzﬂf

Test No.: - ADA-1- o4

Project Number: A25).2.
Location:auif_tf ﬁbu'\ "1’

APPROXTMATE VOLUME

- SAMPLE NO.

—
. Filter No. 1ID: _(F 1

Filter No. 21D:_ N/

Hy ADA- (- 04— |

g

» Front Wash (Acetone) 100ml __ e ADA-I-OH-2

¢ Front Wash (0.1 N HNO3) 00m __ iHe. ADPA-1-04-3

+ Tmpingers 1, 2, and 3 -1 (KCI) e ADA- - O%-H
Ympingers 1, 2, and 3 -2 (KCl)ﬁ_(ﬁ needed) Hg- U/ A
Impingers 1, 2, and 3 -3 (KCI)___ (if needed) 1Hee ”’/A

» Impingers 4 and 5 (Dry and ANOMH202) 1He. ADA-[~p4-§

. Tmpingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 We ADA-I- o4-6
(vented bottle) _ .
Impingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 g, /V//f
{vented bottle) if needed

» HNO3H202 Blank_ {3 381~ b -2) 100mi___ 1Hg APA-I-04-7

¢ H2804/KMnOA Blank_ (8% | =~ ( ) 00ml e ADA- 04

4 IN\KCI Blank (8% |-6-3) 100mi __ 1Hge 40A " 1-04~T

Acetone Blank 100 mi _ Hy- /\J / A
Acetone Lot No.

¢ 0.1 N HNO3 Blank b‘&%l*‘é‘*s) womi __ ame ADA-04—10

* (0T s Eanprt Blorh SEBIA)  JL0mL ApA- (-0 =11
Filter Blank ID: 1Hg-
Sample Recovered By: Ak~ Date: 03/;07/0I Time:_ [ S
Sample Relinquished By ‘ ate: 747 Time: (8 /2
Sample Received By: ¥ Date: of Time:__/ ${ -
Sample Relinquished By: Date: Time:
Sampie Received By: Date: Time:
Sample Relixiquished By: Date: Time:
Sample Received By: Date: Time:




CONSOLIDATED SAMPLE CUSTODY

4 t
INSTALLATION: (astos Uu 4 3

PROJECTNO. AdP)r 7~

PROJECT LEADER: 4D MC i, Page é: o G Spz Box b
SAMPLE NO. COMPONENT DESCRIPTION YOL/WT REMARKS
(Tl v Wk
A®A-]-T 3 -) Fillew T30+ T2 3
Cowt hve. W T
ADA-J-T)-1 4 " T~ +T 3
Coyiabivie with
AYA - ) -Z2 ~] " I~ + I3
Cal\\h‘w\y W?E\
ADA-)-03-/ n O2-2 +-03-3
. Coo W titas 0 VT8
ADA-] =T Y¥-/ ! Tg-> ¢+ Ty-~F
camnlanag whth
ADA-] - 0¥~/ a oY~ +o¢~3
€ ow b LS
ADA) ~02 —] (! a2 +0A~TS
ADA-] T/ -12  Blavk g, ller
AQr1} S i Lor 5/#“\_1—6;)61[«:.1
QE 10 noo N

Relinquished By

e

Relinquished By Date/Time / Received By
Relinquished By Date/Time / Received By
Relinquished By Date/Time / Recetved By




CONSOLIDATED SAMPLE CUSTODY

. . A1, >~
INSTALLATION: (G s4on Unt 2 PROJECTNO. AdE-

PROJECT LEADER: J. D- MCC Ritn  pue & of & SPT Box o
SAMPLE NO. COMPONENT DESCRIPTION VOL/WT REMARKS
BDA-1-T]-fo | A cedomn 700 | Blanle =0l
ADA-/-02 ~fo | o.M Hd+ 4 /0o R h
A= -08=1) | 0% Hydwoxylgmine HER /oo h "
Q04-1~03 - F /)L FOD A ]
aba-{-od -7 Havs) Hoo, FO» " I
AVA-/ -T3S-7 1415 &,;/ a0y /oD " u
ADAAT2 ~8 | o= /m Keg /0% i y
,40,;;“-]04—? M H /02 " 4
RPA - -0F~11| [0k Hydvorylsmine AR }os . N
ADA-I-0¢ | .18 HU 04 /50 I\ "
ADA~-0¥~8| 1S C?\-}/KMWOLJ;  6s y .
ARA—=1-0¥-7 NoVy/Ha 0a /0 oo
ADA-[- OF - | Fvonl watt , Acefme /039 ;(::rm: Z',‘fg

ol AL Wi

ADA-1~03"3 A b /o¢ op-1 +02-3
AdA~/-03 = . : 90| Griv 013
a0 /- T#- 2 - d /00 | SRETT s

AVA-] -FQ -2 3 M J0& | —an ;Lr"rg?-)?

APA-1 3K D A loo f;f]h'f—"fg’fg' )
Relinquished By ;éﬁ AT Cor patertim@ Y] /4 Received By f/%« W{\,ﬁ/{g@
Relinquished By Date/Time ____ / Received By )
Relinquished By Date/Time ____/ Received By
Relinquished By Received By

Date/Time /




INSTALLATION: (raa&tom On 4 3

CONSOLIDATED SAMPLE CUSTODY

PROJECTNO. _/A26/ >

PROJECT LEADER: 0« D. W€ Cain  page Yot SEE B Y
SAMPLE NO. COMPONENT DESCRIPTION VOL/WT REMARKS
AbA-~1-T) - 13| /0% /-lyc{vm(,yamﬁm H @ 400 Blasje sod n
ADA-/-2]-F| o Soy [Etnby 400 PRNT
ADA-/~ O~ ¥ [ Loo g .
A0A-1TL — 7 HA O [y 00 LoD . y
WADA-/-T/ ~/% | /o7 HmO 10D . "
ADA-- T/ =T Im ¥rQ /00 e b
aPA-)-T) 11 O N HiD 3 /00 ! .
(Q0A-1-TH =5 Twnp 4£C HMO3y hepa | 20D _
VADA-1-T1 -~ & | Erowtusch ~gcedne 50 _15?‘”‘_'}"'5,_‘%*‘
@DA-/ -T7=5" | Tump 45 LW 05 Moo 200
AR/ T= 3 | Evedk wash pan Hos | IS0 | S ey
\
T~
\
\
\\
T~

Relinquished By &Lf> MEC

Relinquished By

Date/Tim&/ ¥4/ [ Received By f/:é/ql/ A
.

Date/Time /

Relinguished By

Date/Time /

Relinquished By

Date/Time /

Received By
Received By

Received By

-
7 ; L{ 5 )




CONSOLIDATED SAMPLE CUSTODY

INSTALLATION: __ Gastom Uit 3 promerno. AD6). 2

PROJECT LEADER: T’D MCC o Page 3 of é ' _ : 6‘/£I 80( g
SAMPLE NO. COMPONENT DESCRIPTION VOL/WT 'REMARKS
ADA-/-T8-¢ Twp 1H4,3 KR 675
ADA-I=T/= 6 | Teey £,2,%5  WhSoy [Eu0y| SOD | ,.
527 H/Uf)z/ﬁz 14.7,01, 700 Lov sfl-ke{.e{z
/M /<(,€ 275 | &ov Spikes to

(0% Moy J2EMOy | Zoo |Gy spikesoh

AN

N

N
~
g

f /. ‘j’)qﬂ,
Relinquished By (}L}S ’V\C' C— Date/Tiu#Z;é / [ Y(Recewed By3 /5/ ¢/ A’Jﬁ/

Relinquished By Date/Time / Received By

Relinquished By : Date/Time / Received By

Relinquished By : Date/Time / Received By




CONSOLIDATED SAMPLE CUSTODY

INSTALIATION: Gz sfom U wi% 3 promeTNo. A B 1

—_— [ N :
PROJECTLEADER: © DM "Cain  pie A o b SET Bot R

SAMPLE NO. COMPONENT DESCRIPTION VOL./W1 REMARKS

\ADA- /- OF ~6 | Twp, (,7,8,9 HLSUf/may S12de

ADA-) T [ Twp 1,23 KCR goo
laDa-/-T¢ -] Twmp. L7, 45 hsoy/kigpy | 500
ADA-1-T3-G| *  » s 550
oAy -T2F | Twe Ly KA 700
ADA'/'O?Z"‘?L " oo goo
40~/ - 03 ~b| Twmp- 4,71, MeSoy [imaby  #78
npa-/-03 -7 Twy., h2,3 KL 700
ADAL 08 6| Top. £,21%,9 Hufoy/lhud,| 45O
Qo4 /-T2 =7 | Twp. 1,23, Kl 70 00
A04-/ -T2~ Tmyp 1L,2,8 9 HLSO%/)WP S00
ADA-1-O3-H | Twmp 1,203 KL 728~

.

-

T~

T~

L

)
Refinquished By Ibmco Date/'I'ime%?{ﬂj [#5” Received By

e /:_'/ /
E

L/

Relinquished By Date/Time / Received By

Relinquished By Date/Time / Received By

Relinquished By Date/Time / Recsived By




CONSOLIDATED SAMPLE CUSTODY

(- AsTer) OnT 3 PROJECTNO. _/:]Qﬁ'-_g“

INSTALLATION:

PROJECTLEADER: 0. D MCCan  page | of (, ' Box 4
SAMPLE NO. COMPONENT DESCRIPTION VOL/WT REMARKS
ADA-1-03-5 | Tp. Y45 HNO2/H,0n /25

ADA-/Te2-5 " " /5O - ,

’ ComWBite 44 th

APA- /-T2 -3 | event wush .10 HNO<Z |25 ;_ra.-r)g_)r

Covalmume v th

ADA-}-03-3 " A (00 o3~ ), >

ADA~[-03-F |Twp- 44 Hwoz /A0 )75

ADA»I-—OQ“B Fvunt wagh o, Huos oD

ADA- 1-04-3 " L 1O

A4 -1=T3-5| Twp. $+5 Hvo g/l 0. /40

APA-1- T3-S | Frondmsh O 1N Hpo < 1 SO

ADA- [ ~T¥-3 Ly " 200

A -(-OF=5F | Tup. Yés Hwoz[He O~ 120

\
\\\
T~
7 BST |
Relinquished By ,A,h/VL Lz_.. Date/me&é?[ 9/ (Z‘ﬂ Received By | %@- AT / 5{8 ijf},‘/ ¢f

Relinquished By

Date/Time /[

Relinquished By

Relinquished By

Date/Time /

Date/Time /

Received By

Received By

Received By




RUN IDENTIFICATICN:
RUN DATE :
GAS ANAIYSIS - 02

(Dry Basis) - CO2:

Setup value - H20:
AMB PRESS, in Hg
STACK dP, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPT.ED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI 4P, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

Hg-1-2
3/6/01
7.0
12.0

30.30
-13.5
0.222

0.80
1.002

189

89.3
2.36E-02

120

47.596
0.640
0.700

233
57

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:

CALCULATED % H20

AVE GAS VELOCITY, ft/s

AVG GAS TEMPERATURE, F

GAS VOLUME FLOW, acfm
dscfm
wscfm

Dry Gas 1b/hr:
Moisture 1lb/hr:
Total 1lbk/hr:

MASS LOADING, gr/act
gr/dsct
mg/acm
mg/dscm

gr/dscf @7% 02
gr/dscf @l2% CO2

EMISSION RATE, lb/hr

EMISSION RATE, #/E6-Btu:

oy~ H O

e

32.2
233
444,466
305,850
331, 945
1443359
73011
1516370
.06E-06
.35E-06
.16B-02
.69E-02
.35E-06
.79E-06

.93E-02
.55E-05



RUN IDENTIFICATION:
RUN DATE :
GAS ANALYSIS - 02

(Dry Basis) -~ CO2:

Setup valus - H20:
AMB PRESS, in Hg
STACK dP, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, f£t3:
AVG SQRT PITOT dp
AVE ORI dP, i1n H20:
AVG 5TACK TEMP, F
GAS METER TEMP, F

30.20
-13.5
0.193
0.80
l1.002
185

70.1
1.80E-02
120
44,419
0.674
G.500
226
59

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:

]

CALCULATED % HZ0

AVE GAS VELOCITY, ft/s
AV(E GAS TEMPERATURE, F
GAS VOLUME FLOW, acfm
dacfm
wacfm

Dry Gas lb/hr:
Molsture 1lb/hr:
Total lb/hr:

MASS LOADING, gr/acf
gr/dsct
mg/acm
mg/dscm

gr/dscf @7% 02
gr/dscf @l2% CO2

EMISSION RATE, 1b/hr

EMISSICON RATE, #/E6-Btu:

U B Ww o

}_l

108.3
6.7

41.1
226
465,873
326,676
350,251
1538391
66073
1604464
.26E-06
L07E-06
.76E-03
.39E-02
.25E-06
.82E-06

L70E-02
.32E-05



RUN IDENTIFICATION:
RUN DATE :
GAS ANALYSIE - 02

(Dry Basisg) - CO2:

Setup value - H20:
AMB PRESS, in Hg
STACK dP, in H2C

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIR
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, my
TIME SAMPLED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI dP, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

Hg-1-4
3/7/01

[N

.5
12.5
30.30
-13.5
0.183

G.80

0.589
189

74.2
2.02E-02
150
56.040
0.688
0.500
2320
61

REDUCED MASS TRAIN DATA

TSOKINETIC AGREEMENT, %:

CALCULATED % H20

AV GAS VELOCITY, ft/s

AVG GAS TEMPERATURE, F

GAS VOLUME FLOW, acfm
dscfm
wgofm

Dry Gas 1lb/hzx:
Moisture lb/hr:
Total 1lb/hr:

MASS LOADING, gr/act
gr/dsct
mg/acm
mg/dscm

gr/dscf @7% 02
gr/dscf @l2% CO2

EMISSION RATE,
EMISSION RATE,

1b/hr

#/B&5-Btu:

My Ul W

=

105.1
5.8

42.0
230
475,771
335,789
356,406
1575286
57767
1637053
.85E-06
.46E-06
.83E-03
.25E-02
.27E-06
.24E-06

.B7E-02
.11E-05



RUN IDENTIFICATION:
RUN DATE
GAS ANATYSIS -~ 02

(Dry Basis) - CO2:

Setup value - H20:
AMB PRESS, in Hg
STACK dP, in H20

NOZZLE DIA, in
PITOT CONSTANT
QAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI dP, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

Hg-0-2
i/6/01

3

0

0

7.9
i12.5

0.30
12.0
.187
0.87
.989

134.24

2.16

55

0.

4

76.6
E-02
144
.552
750
.551
234
58

REDUCED

MASS TRAIN DATA
ISOKINETIC AGREEMENT, %:

CALCULATED % H20
AVC GAS VELOCITY, ft/s
AVG GAS TEMPERATURE, F
GAS VOLUME FLCW, acfm
dscfm
wscfm
Dry Gas 1lb/hr:
Moisture 1lb/hr:
Teotal 1b/hr:
MASS LOADING, gr/acf
gr/dsct
mg/acm
mgy/ dscm
gr/dscft @7% 02
gr/dscf @12% CO2

EMISSION RATE,
EMISSION RATE,

1b/hr
#/E6-Btu:

Ul oy o U1 s

}..._)

50.5
234
406,827
280,620
298,822
1322373
50929
1373302
L12E-06
.97E-06
LA445-03
.37E-02
.38E-06
.73RE-06

L43E-02
.35E-058



RUN IDENTIFICATION:
RUN DATE
GAS ANALYSIS - 02
(Dry BRasis)
Setup value
AMB PRESS, 1in Hg
STACK dP, in H20
NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, ft3:
AVGE SQRT PITOT dp
AVG ORI dP, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

Co2:
- H20:

30.420
-1%9.0
¢.187
0.87
0.989
134.24

82 .4
2.51E-02
144
61.960
0.806
0.648
232

&7

ISOKINETIC AGREEMENT, %:

o

CALCULATED % H20

AVE GAS VELOCITY, ft/s
AVG GAS TEMPERATURE, F
GAS VOLUME FLOW, acfm
dscfm
wacfm
Dry Gas lb/hr:
Mgisture 1b/hr:
Total 1b/hr:
MASS LOADING, gr/act
gr/dsct
mg/acm
mg/dscm
gr/dscf @7% 02
gr/dscf @1l2% CO2

EMISSION RATE, 1b/hr
EMISSION RATE, #/E6-Btu:

U 3y oW Gy ol

i._.l

100.7
6.6

54.3
232
437,637
300, 345
321,452
1415324
59055
1474379
.28E-06
.23E-06
.81E-03
LA3E-02
.66E-06
.98E-06

.60E-02
LA41E-05



RUN IDENTIFICATION:
RUN DATE :
GAS ANALYSIS - 02

(Dry Basgis) - CO2:

Setup value - H20:
AMR PRESS, in Hg
STACK dPp, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI dP, in H20:
AVGE STACK TEMP, F
GAS METER TEME, F

3¢.30
-19.0
0.187
0.87
0.9289
134.24

103.4
2.41K-02
144
68.825
0.914
0.788
231
70

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:
CALCULATED % H20

AVGE GAS VELOCITY, ft/s
AVG GAS TEMPERATURE, F
GAS VOLUME FLOW, acfm
dscfm
wscfm
Dry Gas lb/hr:
Moisture 1lb/hr:
Toral 1b/hr:
MASS LOADING, gr/act
gr/dsctE
mg/acm
mg/dscm
gr/dect @7% 02
gr/dscf @l2% CO2

EMISSION RATHE, lb/hr
EMISSION RATE, #/E6-Btu:

U= U

[

61l.6
231
436,357
341,973
366,219
16038324
£7839
1671673
.71E-06
.39E-06
.51E-03
L24E-02
.13E-06
.39E-06

.58E-~-02
.08E-05



ATTACHMENT B2

Carbon Injection Test — Field Data
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MASS TRAIN CPERATION

GAS ANALYSIS - 02
co2

H2O :
AVG dP
AME PRES3, in Hg
STACK d¥, in H20
AVG SQR ROOT dP
MINIMUM PITOT dF
dP INCREMENT

STACK GAS TEMP, ¥
GAS METER TEMFP, F

PITOT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW, acfm

FLOW, scim

Target Volume, dsci:
Time Reguired, min.:

;C/o}

4.0
15.0
7.0
0.5%753

30.32
-5.5
0.77
0.02
0.020

665
80

0.84
1.83

0.189
0.730

0D.3231%
70
217

dp PITOT

0.020
0.040
. 060
L0810
-100
120
. 140
. 160
.180
.200
.220
L 240
L2860
L 280

o

[ I con S con B i SN i Y wi T i Y i Y o B v 6 N i O i S

.

300

.320
L340
. 360
.380
400

CO000O00000O0000 00000
. ST IR

P -

o L

.24

No Points

Dwell Time

1.48 m™3 in

csp TNET

dp PITOT

PR RO O000CO000CO0000

dP CRI

160 minutes
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MASS TRAIN OPERATION

GAS ANALYSIS - 02 4.0
coz 15.0
H2G 7.0

BVG dP 0.59753

AME PRESS, in Hg : 30.27
STACK dP, in H20 -5.5

VG SQR ROOT dP : 0.77

MINIMUM BITOT dF @ D.02

dP INCREMENT : 0.020
STACK GAS TEME, F 665
GAS METER TEME, F : 20
PITOT CONSTANT : 0.84

ORTFICE CONSTANT  : 1.83

NOZZLE DIA, in : 0.189
SYSTEM FLOW, acfm 0.731

FLOW, scfm 0.32287
Target Volume, dacf: 70
Time Required, min.: 217

dp EBITOT

0.020
0.040C
0.060
0.080
0.100
0.120
0.140
C.160
0.180
G.200
0.220
0.240
0.260
0.280
0.300
0.320
0.340
0.360
0.380
0.400

OO DO 000000000000 o0o0.

v

No Points
Dweall Time

1.48 m™3 in

.440
.480
.520
. 560
. 600
. 640
. 680
120
760
.B0OO
. 840
. 880
. 520
. 960
. 000
040
L080
120
.160
200

H e R PR RO OO0000 00 D0o0

20

o T S A o T oo B S S - B oo S o T o N T e e Y oo Y i 85 [ i R

160

160 minutes
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ESPTwier #24/o

MASS TRAIN OPERATION dp PITOT dP ORI dp FITOT dP ORI

GAS ANALYSIS - 02 4.0 0.020 0.01 0.440 0.25
Co2 16.0 0.040 0.02 0.480 0.27

H20 7.0 0.060 0.03 0.520 0.28

AVG dP : 0.56753 n,0go 0L0F 0.560 0.322
AMB PRESS. in Hg : 30.29 0.109 0.06 0,600 0.34
STACK dP, in HZ20 : -13.5 0.120 0.07 0.640 0.36
AVG SQR ROCT dP : .77 0.1490 0.08 0.680 0.38
MINIMUM PITOT dP : G.0z2 0.160 0.08 0.720 0.41
dP INCREMENT : 0.020 0.180 0.10 0.760 0.43
0.200 0.11 0.800 0.45

STACK GAS TEMP, P : 658 0.220 0.12 0.840 0.47
GRS METER TEMP, P : g5 0.240 0.14 0,880 0.520
0.260 0.15 0.920 0.52

PITCT CONSTANT : 0.84 0.280 0.1l6 0.860 0.54
ORIFICE CONSTANT : 1.83 0.300 0.17 1.000 0.56
0.320 0.18 1.040 0.59

NCZZLE DI1A, in 0.187 0.340 0.19 1.080 0.61
SYSTEM FLOW, acfm 0.719 0.360 g.20 1.120 J.63
0.380 0.2% 1.160 0.65

0.400 .23 1.200 J.68

& s //WWV
fold

f60



ol

yWa) /) o
L

RNAD i

Qi T# g

+45"

VIVA dTHId § AOHLIAN

d!

i
71/9L X VG [0 5% Qo34 [ & | v
4 \t@m o Arpunuung
BAy BAY XBIN KB SAY Ay 101, BAay ‘Bay ‘Bay YR [eo] 1891-350]
5.l /L | €. £p | — | BSE] 94el 95%9] §5- | $5°1 S€| a<-| FC | I-¢(] oIt
\ N w % A FQ o~
WSS9 /L] el | rs | — | Sse| fbe| 9079 4% 1 sge| J9E| s%-| Qe | < -w/| 59
m\_\wﬁ /L L ¢s | - ose | ey €999 o4 | 9| RLE| SH- 9] e Y o
“higl | oL | €L L8| = | 8% [pel §FA9| op | es” | HIE| sf-| Q| [-§]] °7U
. /1569 s . 03 _
/e L | €C| &S ~ | FFE| SHC| LTI 5SS | S5 | L9T| ez-| & | <9 99
N L | CL| 95| — || bC[ AT 5| G HE[ 95-| ¥ | <91 €l
V| b9 LT LY [ EF CS€| 75T 35938 49| L9 [ #LC| a5~ | 0 [ [ =7 gl
. " dep | gBep | dwy | gSep | g Bop | 4 Bop Jo OTH 1l { OTH W | J Sop Tequinn
%, )i iy Jo1ul epng | dwsg, | fdwaj | duls] ‘IOA Ha. dd daisy, | Sgw ouy - U0 g sy,
O0//0 | DA | DA -daay ‘qr08 | 1901 | eqoig 1919 U | 101d ¥oelg ;| wnnovp | ojdweg | osIARIT | OO
£¢S] HANLL ONT %‘ms. HALL LUVLS
0+9'95] ® "‘ANH YLLAN SYD A50°8 ¢ 30 LAVIS YELIN SVD
,.mﬁwﬂﬁw O7H "W “I11(J 2Inssald JoelsAon(g Q mu <] WHJ 910 \4 Hoae \J\ (11 29410
¥ \\ 1591380 ‘WO ‘Nvy Neay B\.\Q £/ 04 ‘OISO pawInsSsy Q21O [ 01007 18D 129 SBD
¥ 1583014 YO ‘18 BT Sz 48 dwmoyjuorquy f HOBLA(W 1 xog 11N
) VA {pesn J1) (U7 :z# Mg ﬁl.mm "UI ‘2Inssa ] ouewosey oD € - ¥ T\ .oZ\ s\sz\.oz“ 180
My 20T 315913504 ‘W0 ‘Biey jeo ] 7 saydul ‘Iajewel(] 9{ZZON (O/ 42/ ae(]
~Y {“‘W\u% O ¢ 1818l ‘wWyo ‘918 BT T M Q \ { L\ QI EN.NoZ I \\ o ﬂ\ﬂi \X saoyernd(y

dp wueranree)) 101 5 ..‘E@Q.uq_& HOD & +.ﬁ W) !vrmiw HOTRIOT[AUR]{

..am..wc ﬂuummm J] "oN nny [a.l.oz s8],



N YR R R S 7 I TR B S AR Y e Bt
_ | 405
EC) Ly [ =137 PO IEI B o) SLU| 05 Te | [ - dmi
EC| # | LH| — [FFe] B LE7 b5 o7 | Trt %5z m 5G]
Lse| et b | - €9 [LhEHCLE| $97 | S0 | ST 05 8 e E g
| |
CL| e |7 ¢y T T Icel 3¢ b5Lh| 49° | S9°7 [ LLE] O5°[ ogl (=} Ce
SLl bl | LY T T38| oLl 590 T <o (e 26 JLie-b! bIN
CL| €| 9% 15| ¥ mlgg| B9 o el o5~ T lp-1 5%
(+CCh |
Co| Yo | td ) - [/se| 36 /Lol b | <pr | 928 o= g9 €| 3%
A A £y - | &98 U Reggl T LB op | 4L6 F< Lol e-€l jsel]
CL| e Lo < 7se| 23€] og9s o | S oLt °s-1 o9 | g-Cl ose
| o'l
Cr| <L | — lose BPC | Cshel Lh| <p (it 5% 98|  -ell9pel
Cef w¢ 2R AR AN E A A R R AR O¢c-1 €S| ¢ -0l ¢yC
Ce| L 34| ~ [ B3€ bpe| b $H0 Sy | LLE] oo R TR gl
\ , SE4 ‘0g | o
- a 3q 1T <& 7% o 18] [sel L /8 L B T R e (—4/ 8eer
o9l L te7T 9% il A A AN A A A G R S, ped
el IC L@ L¥ | e e 0L $Y | SY T Loe| oo 3¢ (- $] oea
‘ SI15L, 0~3 |
mﬁmw Co| SL SE 1 = [ Ge (1% LEC| B9 | oL [ ozt OS] €% | =St grer
Cl/F] L L s% | = [bse 3el 95 AR IEER D IR U4
, d78sp | g 8op dwog, | g-8ep | g 8ap | g dap o OTH W | OzH "ui | g 89p Iaquuny
% RENO | deiyp | wepng | cdwil | dwey | cduieg oA HA da dway | 8w | eumy, wrod | swry
OO0 | NHa WD | dwyg QoS oy ) sqoig R L) AN QYUY | 101d JqoBlS | wmnoeA ( ojdweg | asioAwd BLL {001 \

“Ti.wo .Wowm& \ oN umy \ CoNss T




oh Q5T -] AT 1~ & Ul

]
ﬂN\LP n_alm.ﬂ
¢ ~]1 %05l

(-1 98

..... ] o5k
,,imw 75/ ¢S 9vi
. -6k

b 95l

ﬁ.\.&mw N..CIWIW‘
€- Bl Lo/
Bl Le

)
¢ -9 Coht
g R

JaQUuIN K

. e 1S
ol x| = ¢ |
4 °8sp | 4730 » OTH U | O7H | 4 39P

HA da dwa], ) gy ut U],

W04

oruty,

q-8op | 4799 ) dwoy | J 9P E d 19A | ~
X dua], | dwmal | GWRL ’ o

o pEno | PWI | RO : ! seq | wnnopp | ofdureg | 9S19AFLL RSN
)_ %) Ao -dut] -qrog | By 1 990id 1219 sogu | 1oud | HAOEIS % 70 : &y “oN W .a.,.,_",...w.mzso.m




SLS
"d

\_Eo.%umm; \ TroN oy

]

949'9¢ | ¥bl LM
[»] 89 | /L Ly = (7| SPe [Lhasy| 9% | Qp° [9¢C | o< ssl| o -e|biS]
L1 R9 TL 1 by | ~ | sse | CRC [ 4Csl| 45| 990 9ce 05 P37 E -€ | o¢S
5| A9 | L 97| — | 44€ Sy Lehsi! LLT| S%T Bek| o5 ok [ T 7Sl
i ‘e G]
<% 491 JL | bb | = Jwe|9ve| SBLEI| ¥ G| Liele 5o 9L (-G oesl
S a9 7L T 8 | — |me| oX 8E8[| 05| g5 | bTE[ @5~ Ll T-% /K
g8ep | g8ep | dwwsy | g8ep | .Bep | 4 Fp Jo OTH "W | OTH ut | g °3ep Taquiny
0 JPInG 127U] nng | dwey | dway | dwal TOA H da dway, S Ut Uy g QU]
fNOU\NO EUQ E_UQ QEH .L.Hom .BZTYH DDO.HL .ﬂméoz woﬂ.mho woﬁn_” Mo.mww GINNROEBA o?ﬂﬂﬁmm mm.ﬁmhrm.ﬁrﬁ JMJOTU
N 1538



MASS TRAIN OPERATION dp PITOT dP ORI dp PITCT dpr ORI

GAS ANALYSIS -~ 02 6.5 0.200 0.20 1.100 1.09
coz : 12.5 0.250 0.25 1.150 1.14
H20 — 8.0 0.300 0,30 1.200 1.19

AVG dP : 0.8354 0.350 0.35 1.250 1.24

AMB PRESS, in Hg : 30.30 0.400 0,40 1.300 1.29

STACK dP, in H20 : -19.0 0.450 0.45 1.350 1.34

AVG SQR ROOT dP : 0.91 0.500 0.50 1.400 1.39

MINIMUM PITOT dP : 0.20 0.550 0.55 1.450 .44

dP INCREMENT : 0,050 0.600 0.59 1.500 1.43

0.650 0.64 1.550 1.54

STACK GAS TEMP, F 23057 0.700 0.69 1.600 1.59

GAS METER TEME, F &0 0.750 0.74 1.650 1.64
0.800 ¢.79 1.760 1.69

PITOT CONSTANT : 0.87 0.850 0.84 1.750 1.73
ORIFICE CONSTANT : 1.90 0.900 G.89 1.800 1.78
: 0.950 0.94 1.850 1.83

NOZZLE DIA, in : 0.189 1.000 0.99 1.900 1.88
SYSTEM FLOW, acfm : . 0.721 1.050 1.04 1.950 1.93
FLOW, scfm, : 0.51403 No Foints 48 182
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MASS TRAIN OFPERATION

GRS ANALYSIS - 02
coz
HZ0
AVG dP
AME PRESS, in Hg
STACK dP, in H20
AVG SQR ROOT 4p
MINTMUM PITOT dP
dP INCREMENT

STACK GAS TEMFP, F
GAS METER TEMP, F

PITOT CONSTANT
ORIFICE CONSTANT

NQZZLE DIA, in
SYSTEM FLOW, acim

FLOW, scfm

Target Volume, dscf:
Time Required, min.:

6.5
12.5
8.0
0.8354
30.20
-19.0
0.91
0.20C
0.050

G.1.88
0.732

0.49017
87.5
178

dp PITOT  dP ORI
0.200 a.18
0.250 0.23
0.300 0.27
0.350 0.32
0.400 0.36
0.450 0.41
0.500 0.45
0.550 0.50
0.600 0.54
0.650 0.59
0.700 0.63
0.750 0.68,
¢.800 0.72
0.850 0.77
0.900 0.81
0.950 0.86
1.000 0.90
1.050 ¢.95

No Points
Dwell Time
2.69 m™3 in

dp PITOT dP ORI
1.100 0. 99
1.150 1.04
1.200 1.08
1.250 1.13
1.300 1.17
1.350 1.22
1.400 1.26
1.450 1.31
1.500 1.35
1.550 1.40
1.600 1.44
1.650 1.49
1.700 1.53
1.750 1.58
1.800 1.62
1.850 1.67
1.900 1.71
'1.950 1.76
48 192

4
192 minutes
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MASS TRAIN OPERATION

GAS ANALYSIS - 02
coz

HZO

AVG dP

AMB PRESS, in Hg :
STACK dP, in H20

AVG SQR ROOT dP :
MINIMUM PITCT dP :
4P TINCREMENT :

STACK GAS TEMP, F
GAS METER TEMP, F

PITOT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW, acfm

FLOW, scfm
Target Volume, dscf:
Time Reguired, min.:

[T
co o0
[l e ]

0.8354
30.33
-19.0¢
0.91
0.20
0.050

- 0.188
0.720

0.50663

87.5
1732

‘f’l(//o,

dp PITOT 4p

0,200
0.250
0.300
0.350
G.400
0.450
0.500
0.550
0.600
0.650
0.700
0.750
0.800
0.8%0
0.200
0.950
1.000
1.050

HOOOOQDOGOOODOOOGO

No Peoints
Dwell Time

2.78 m~3 in

.44
.49
.54
.59
. 64
.69
.74
.79
.84
.89
.94
.99
.03

R T i e el e el e el
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Coyfac OUTLET Y /35 o)

MASS TRALN OPERATICN dp PITOT dp oRY dp PITCT dF ORI
GAS ANALYSIS - C2 8.0 0.200 0.15 1.100 1. O #
coz : _ 11.0 0.250 0.24 1.150 1.09 ;
HZO 8.0 D.300 0.28 1.200 1.14
AVG dP : 0.8354 0.350 0.33 1.250 1.18
AME PRESS, in Hg : 20.27 0.400 0.3 1.300 1.23
STACK dP, in H2C : ~15.0 0.450 0.43 1.350 1.28
AVG SCR ROOT dP : 0.91 0.500 0.47 1.400 1.33
MINIMUM PITQT dP 0.20 0.550 D.52 1.450 1.37
JdP INCREMENT : 0.050 0.600 0.57 1.500 1.42
o 0.650 0.62 1.550 1.47
'STACK GAS TEMP, F @ 260 0.700 0.66 1,600 1.52
GAS METER TEMP, F 70 0.750 0.71 1.650 1.56
0.800 0.7% 1.700 1.61
PITOT CONSTANT : a.87 0.850 0.81 1.750 1.66
ORIFICE CONSTANT : 1.80 0.900 0.85 1.800 1.71
0.950 ¢.o0° 1.850 1.75
NOZZLE DIA, in : 0.188 1.000 0.95 1.900 1.80
SYSTEM FLOW, acfm 0.731 1.050 0.99 1.950 1.85
FLOW, scim : 0.49%08 : No Pcoints 48 192
Target Volume, dscf: 87.5 _ Dwell Time 4

Time Required, min.: 175 2.74 ™3 in 122 minutes




MAESS TRAIN OPERATION dp PITOT dP ORI dp PITOT dpP CRI

CAS ANALYSIS - 02 ¢ 7.0 0.020 0,03 0.440 0.74
coz 12.0 0.040 0.07 0.480 0.81
H20 8.0 0.060 0.10 0.520 0.88

AVG dF : 0.4761 0.080 0.13 0.560 .94

AMB PRESS, in Hg : 30.33 G5.100 0.17 0.600 1.01

STACK dP, in HZO0 : -12.5 0.120 0.20 0.640 1.08

AVG SQR ROQT dP : 0.69 0.140 0.24 0.680 1.15

MINIMUM FITOT dP : D.02 0.160 0.27 0.720 1.21

dP INCREMENT : 0.020 0.180 0.30 0,760 1.28

0.200 0.34 0.800 1.35

STACK GAS TEMP, F 250 0,220 0.37 0.840 1.41

CAS METFR TEMF, F 75 0.240 0.40 0.830 1.48

0.260 0.44 0.920 1.55
PITOT CONSTANT : 0.83 0.280 0.47 0,960 1.62
ORIFICE CONSTANT 1.886 0.3¢0 0.21 1.000 1.68
0.320 0.54 1.040 1.75%

NOZZLE DIA, in : 0.222 0.340 0.57 1.080 1.82

SYSTEM FLOW, acfm 0.716 0.360 0.61 1.120 1.89
0.380 0.064 1.160 1.95
0.4060 0.7 1.200 2.02

FLOW, scfm : 0.4965 Mo Points 30 120

Target Volume, dscf: 52.5 Dwell Time 4

Time Required, min.: 106 1.70 m™3 in 120 minutes
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MASS TRAIN OPERATION

GAS ANALYSIS - 02
cOzZ

H2O :

AVG dP

AMB PRESS, in Hg
STACK dP, in H20
AVG SQOR ROOT dP
MINIMUM PITOT dP
dP INCREMENT

STACK GAS TEMP, F
GAS METER TEME, I

PITOT CONSTANT
ORIFICE CONSTANT

NOZZLE DIA, in
SYSTEM FLOW, acim

FLOW, scim

Target Volume, dsci:
Time Required, min.:

7.0
12.0
8.0
0.4761
30.27
-12.5
0.69
0.02
0.020

250
70

0.222
0.717

0.49603
52.5
106

dp PITCT dfP ORI

[ T o T o S T o SR o T e S o B o B e S e S cvn o Y i R i o e e

. 020 0.03
.040 0.07
.060 0.10
. 080 0.13
100 0.17
.120 ¢.20
.140 0.23
.160 0.27
. 180 0.30
200 0.33
.220 0.37
. 240 0.40
. 260 0.43
.280 0.47
.300 7 0.30
.320 0.53
L340 0.57
. 360 0.60
.380 0.63
LA00 0.67

No Points
Dwell Time
1.70 m™3 in

. 4410
.480
. 520
L2560
L6000
.640
. 680
720
.760
.800
. B840
. 880
.920
. 960
. 000
L0490
.080
L 120
L160
.200

R R RERPRRRRCOO0O0000 0000000

30

TR TR I I S R i = == e

120

120 minutes
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MASS TRAIN OPERATION dp PITCT dP ORI dp FITOT dP ORI

GAS ANALYSIS - OZ : 8.0 0.020 0.03 0.440 0.73
coz2 . 12.5 0.040 - 0.07 .480 0.79
H20 6.0 0.060 0.10 0.520 0.86

AVG dP : 0.4761 0.080 0.13 0.560 0.93

" AMB PRESS, in Hg H 30.30 0.100 0.17 0.600 0.%9%

STACK 4P, in HZ20 : -13.5 0.120 0.20 0.640 1.06

AVG SOR ROOT dP : 0.96% 0.140 0.23 0.680 1.13

MINIMUM PITOT dP : 0.02 0.160 0.26 0.720 1.19

dP INCREMENT : 0.020 0.180 0.30 0.760 1.26

0.z200 0.33 0.800 1.32

STACK GAS TEMP, F 240 0.220 0.36 0.840 1.3%
GAS METER TEMP, F &0 0.240 0.40 0.880 1.46
. 0.260 0.43 0.920 1.52
PITCT CONSTANT : 0.83 0.280 0.46 0.960 1.5%9
ORIFICE CONSTANT H 1,806 0.300 0.50 l1.000 1.66

0.320 0.53 1.040 1.72

NOZZLE DIA, in : 0.222 0.340 0.56 1.080 1.79

SYSTEM FLOW, acfm 0.711 0.360 0.60 1.120 1.85
0.380 0.63 1.160 1.92
0.400 0.66 1.200 1.98

FLOW, scfm : 0.45994¢8 No Pecints 30 120
Target Volume, dscil: 52.5 Dwell Time 4
Time Required, min.: 105 1.7F m™3 in 120 minutes

: AN
0.7 "

e |3 o
My nt

o] P



RUN IDRENTIFICATION:
RUN DATE :

GAS ANALYSIS - 02
(bry Basis) - CO2:
Setup value - H20:

AMB PRESS, in Hg

STACK dP, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT ARER, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI dP, in H20:
AVG STACK TEME, F
GAS METER TEMP, F

Hg-E2-2
4/24/01

3

Q

0

1.40

62
0
0

4.0
15.3

¢.21
-5.5
.18%
0.84
.982
150

90.7
E-C2
160
L0897
.896
.460
666
82

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:

CALCULATED % H20
AVG GAS VELOCITY, ft/s
AVG GAS TEMPERATURE, F
GAS VOLUME FLOW, acfm
dscfm
wscefm
Dry Gas 1lb/hr:
Moisture lb/hr:
Total 1lb/hr:
MASS LOADING, gr/acft
gr/dsck
mg/acm
mg/dscm
gr/dscft @7% 02
gr/dscf @12% CO2

EMISSION RATE, 1b/hr
EMISSION RATE, #/E6-Btu:

N No W W

[0 9]

1600.4

72.5
666
652,377
284,241
304,740
1352341
57352
1402654
.58E-06
.63E-06
.63E-03
.33E-03
.98E-06
.B5E-06

.85E-03
.30E-06



RUN IDENTIFICATION:
RUN DATH :

GAS ANALYSIS - 02
(Dry Basis) - CO2:
Setup value - H20:

AME PRESS, in Hg

STACK dP, in E20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
CUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, f£t3:
AVE SORT PITOT dp
AVG ORI dp, in H20:
AVQ STACK TEMP, F
GAS METER TEMP, F

Hg-¥2-3
4/25/01

3

"

0

1.71

62 .

0
0

3.7
15.4

0.27
-5.5
.189
0.84
. 982

150

89.1
E-02
160
480
.860
.440
669
22

REDUCED MASS TRAIN DATA

TSOKINETIC AGREEMENT, %:

CALCULATED % H20
AVG GAS VELOCITY, ft/s
AVCE GAS TEMPERATURE, F
CAS VOLUME FLOW, acfm
dscfm
wscfm
Dry Gas 1lb/hr:
Moisture 1b/hr:
Total 1lb/hr:

MASS LOADING, gr/act
gr/dsct
mg/acm
mg/dscm

gr/dsct @7% 02
gr/degcf @iz2% CO2

EMISSION RATE, lb/hr

EMISSION RATE, #/E6-Btu:

W W R e

l._!.

164.7
5.6

£9.6
669
626,170
272,998
282,308
1295016
54029
1353044
.94E-06
.44E-06
A4E-03
.02E-02
.59E-06
LAEE-06

.04E-02
57E-06



RUN IDENTIFICATION: Hg-E2-4 REDUCED MASS TRAIN DATA
RUN DATE : 4/26/01  mmmmmmmmmmmm e mm—mm oo

GAS ANALYSIS - 02 : 3.4 ISOKINETIC AGREEMENT, %: 104.5
(Dry Basis) - CO2: 14.8
Setup value - H20: 7 CALCULATED % H20 : 7.0
AMB PRESS, in Hg : 30.27
STACK dP, in H2C -5.5 AVG GAS VELOCITY, ft/s - 731.3
NOZZLE DIA, in : ' 0.18% AVG GAS TEMPERATURE, F 656
BITOT CONSTANT : 0.84 GAS VOLUME FLOW, acfm : 642,092
GAS METER CALIB : 0.582 descfm : 282,255
DUCT AREA, ft2 : 150 wgcfm 303,341
Dry Gas lb/hr: 1338326
H20 COLLECTED, ml : S7.1 Moisture lb/hr: 58997
PARTICLE MASS, mg : 1.49KE-02 Total lb/hr: 1397323
TIME SAMPLED, min : 160 MASS LOADING, gr/acf 1.64E-06
GAS METER VOL, ft3: 63.857 gr/dsct 3.74E-06
AVG SQRT PITCT dp : 0.885 mg/acm 3.77E-03
AVG ORI 4P, in H20: 0.480 mg/dscm 8.57E-03
AVGE STACK TEMP, F 656 gr/dscf @7% 02 2.97E-06
GAS METER TEMP, F : 87 gr/dsct @l2% CO2 3.03E-06

EMISSION RATE, lb/hr : S9.05E-03



RUN IDENTIFICATION:
RUN DATEH :
GAS ANALYSIS - 02

(Dry Basis) - COZ:
Setup value - H20:

AMB PRESS, in Hg
STACK dP, in H20
NCZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREZ, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI 4P, in H20:
AVE STACK TEMP, F
CAS METER TEMP, F

Hg-I2-2 REDUCED MASS TRAIN DATA

4/24/01 - e mm—mm—- e
7.3 ISOKINETIC ACGREEMENT, %:
11.7
o) CALCULATED % H20
30.21%

-12.5 AVG GAS VELOCITY, ft/s
0.222 AVE GAS TEMPERATURE, F
0.80 GAS VOLUME FLOW, acfm
0.5988 dscfm

189 wgcfm
Dry Gas lb/hr:
91.7 Moisgture 1lb/hr:
1.41E-02 Total lb/hr:
120 MASS LOADING, gr/acf
52.172 gr/dsct
0.625 mey/ acm
g.700 mg/dscm
242 gr/dscf @7% C2
69 gr/dscf @12% CO2

EMISSION RATE, 1lb/hr

Lo SN e B ¢ SR~ N 2N

i_..l

102.6
7.7

38.7
242
428,217
297,875
222,741
1397116
65294
1466410
.83E-06
.16E-06
.48E-03
.54E-03
.25E-06
.27E-06

.06E-02



RUN IDENTIFICATION:
RUN DATE :
GAS ANALYSIS - 02

(Dry Basis) - COZ:

Setup value - H20:
AME PRESS, in Hg
STACK dP, in H20

NGZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VOL, ft3:
AVG SORT PITOT dp
AVG ORI dP, in H20:
AVG STACK TEMP, F
GAS METER TEMP, F

Hg-1Z2-3
4/25/01

11.6

30.27
-12.56
0.222
0.80
¢.288
189

77.1
1.238-02
120
50.564
0.604
0.600
253
74

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:
CALCULATED % H20

AVE GAS VELOCITY, ft/s
AVE GAS TEMPERATURE, F
GAS VOLUME FLCW, acfim
dscfm
wactfm
Dry Gag lb/hr:
Moisture 1b/hr:
Total 1lb/hr:
MASS LOADING, gr/act
gr/dsct
mg/acm
mg/dscm
gr/dscf @7% 02
gr/dscft @12% CO2

EMISSION RATE, lb/hr

W e oo Ul W

\O

102.0

27.5
253
425,743
288,329
309,279
13513583
58616
1405869
.5EE-06
.78E-06
.87E-03
L67E-03
.88E-06
.S1E-06

.34E-03



RUN IDENTIFICATION:

RUN DATE
CAS ANALYSIS 02
(Dry Basis) - CO2:
Setup value - H20:
AMB PRESS, in Hg
STACK dP, in H20

NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIB
DUCT AREA, ft2

H20 COLLECTED, ml
DARTICLE MASS, mg
TIME SAMPLED, min
GAS METER VO, £t3:
AVG SQRT PITOT dp
AVG ORI dP, in H20:
AVGE STACK TEMP, F
GAS METER TEMP, F

Hg-I2-4
4/26/01

12.

<

30.33
~-12.2
0.222
0.80
0.988
189

9¢.0
1.80E-02
120
49.820
0.551
0.600
245
73

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:

CALCULATED % H20

AVG GAS VELOCITY, ft/s

AVGE GAS TEMPERATURE, F

CAS VOLUME FLOW, acfm
dgcfm
wgcfm

Dry Gas lb/hr:
Moisture lb/hr:
Total lb/hz:

MASS LOADING, gr/acf
gr/dsctE
mg/acm
mg/dscm

gr/dscf @7% 02

gr/dscf @l2% CO2
EMISSION RATE, lb/hr

EMISSION RATE, #/E6-Btu:

Ul = e W

'._l

104£.0
8.4

36.5
245
414,775
279,895
305,582
1314035
71590
1385625
.78E~06
.60E-06
.67E-03
L28E-02
L52E-06
.60E-06

.34E-02
.16E-05



RUN IDENTIFICATION: Hg-02-2 REDUCED MASS TRAIN DATA

RUN DATE : A4/24/01 m-emr-oommosso oo ommooomo e
GAS ANALYSTIS - 02 7.6 ISOKINETIC AGEEEMENT, %: 10k .4
{(bry Basgis) - COZ: 11.8
Setup value - H20: 7.3 CALCULATED % K20 : 7.5
AMB PRESS, in Hg 30.21
STACK dP, in H20 : -192.0 AVE GAS VELOCITY, ft/s : 59.0
NOZZLE DIA, in s 0.189 AVE GAS TEMPERATURE, F : 256
PITOT CONSTANT : 0.87 GAS VOLUME FLOW, acfm : 475,09¢%
328 METER CALIB : 1.013 dscfm : 312,087
DUCT ARELD, ft2 : 134.24 wgctfm 337,388
Dry Gas lb/hr: 1464642
E20 COLLECTED, ml : 157.6 Moisture lb/hr: 70791
PARTICLE MASS, mg : 2.72E-03 Total 1b/hr: 1535432
TIME SAMPLED, min : 192 MASS LOADING, gr/acf 3.0CE-Q7
GAS METER VOL, £t3: 90.191 gr/dscf 4 B7E-07
AVGE SQRT PITCT dp 0.857 mg/acm, 6.8BE-04
AVGE ORI dP, 1in H20: . 0.710 mg/dscm 1.05E-03
AVGE STACK TEMP, F 256 gr/dscf @7% 02 4 .78E-07
GAS METER TEMP, F : 72 gr/dscf @1l2% CO2 4 . 65E-07
EMISSION RATE, 1b/hr 1.22E-03
EMISSION RATE, #/E6-Btu: 1.01E-06
FEED RATE, 1b/hr HN/A DRE, percent : 4N/

{mazimumn)



RUN IDENTIFICATION:
RUN DATE :
CAS ANALYSIS - OZ
(Dry Basis) -
Setup value -
AMR PRESS, in Hg
STACK dP, in H20
NOZZLE DIA, in
PITOT CONSTANT
GAS METER CALIR
DUCT AREA, f£t2

H20 COLLECTED, ml
PARTICLE MASS, mg
TIME SAMELED, min
GAS METER VOL, ft3:
AVG SQRT PITOT dp
AVG ORI 4P, in HZO0:
AVG STACK TEMP, F
GAS METER TEMP, F

CC2:
H2O:

Hg-02-3
4/25/01
7.4
11.7
7.3
30.27
-18.5
0.189
0.87
1.013
134.24

120.6
2.61E-03
192
88.036
0.870
0.738
253
76

REDUCED MASS TRAIN DATA

ISOKINETIC AGREEMENT, %:

CALCULATED % H20
AVG GAS VELOCITY, ft/s
AVGE GAS TEMPERATURE, F
CGAS VOLUME FLOW, acfm
dsctfm
wsctm
Dry Cas lb/hr:
Moisture lb/hr:
Total 1b/hr:
MASS LOADING, gr/act
gr/dsct
mg/acm
mg/dscm
gr/dscf @7% 02
gr/dscf @l2% CO2

EMISSICON RATE, 1ib/hr

o = e W

'_l

55.5
253
479,185
322,275
342,869
1511251
57622
1568874
L04E-07
.52E-07
.97E-04
.04E-03
.65E-07
.63E-07

.25E-03



RUN IDENTIFICATION: Hg-0Z-4 REDUCED MASS TRAIN DATA
RUN DATE s 4/28/01 0 m--—mmmmmmmo o mmm oo oo o s
GAS ANALYSIS - 02 6.5 ISORINETIC AGREEMENT, %: 102.4
(Dry Basis) - CO2; 12.3
Setup value - H20: 2 CALCULATED % H20 6.8
AMB PRESS, in Hg 30.33
STACK dP, in H20 -18.5 AVG GAS VELCCITY, ft/s 58.7
NOZZLE DIA, in 0.18% AVE CAS TEMEERATURE, F 251
PITCT CONSTANT 0.87 GAS VOLUME FLOW, acfm 472,777
GAS METER CALIE 1.013 decfm 316,559
DUCT AREA, £t2 134 .24 wascfm 339,939
Dry Gas 1lb/hr: 1488658
E20 COLLECTED, ml 140.8 Mcisture lb/hr: 65137
PARTICLE MASS, mg Z2.237E-03 Total 1lb/hr: 1553795
TIME SAMPLED, min 182 MASS LOADING, gr/act 2.71E-07
GAS METER VOL, ft3: 88.163 gr/dsct 4 .,04E-07
AVE SQRT PITOT dp 0.860 mg/acm 6.215-04
AVG ORI dP, in H20: 0.740 mg/dscm 9.27E-04
AVG STACK TEMP, F 251 gr/dsct @7% 02 4 .01E-Q7
GAS METER TEMP, F 70 gr/dscf el2% CO2 3.94E-07
EMISSICN RATE, 1b/hr 1.10E-03



Chein of Custedy: Cnicric Hydro Mercury Train

Pr.oject Number: 426/, 2. ) Date: 0%, -23 2
Location: £3£ Talet: __ “Test No.: -_A;O_/"-}_‘lfz—fi
APPROXIMATE VOLIUME + SAMPLE NO.
FilterNo. 1XD:_Of g AP";—Z‘)E’ZF”// 7
A

Fitter No. 2 ID: QE 2 ig. ADA-2-EZ| 2. \\

Front Wash (Acetone) ﬂﬁf}j“b 1He ADA-2ET(-3 7 (.\/‘ '
Front Wash (0.1 N HNO3) 100 ml _‘{ 1Hg ADA- 2-£1]- 'Lf_//)
Impingers 1,2, and 3 -1 (KCD__ | 2600nl 1g ADA-2ETS
Impingers 1, 2, and 3 -2 (KC})M(# needed) j: PRV

Impingers 1, 2, and 3 -3 (KCI)___ (if needed) 1¥g- Pla

Impingers 4 and 5 (Dry and HNO3/H202) ~YX0wl e_aps- 2ETL
Tmpingers 6,7, 8 and 9 (dry and H2SO4/KMnO4) -1 2SI, 1He ADA-Z2ETT
(vermred ottle)_

Impingers 6,7, 8 and 9 (dry and H2SO4/KMnO4) -1 sme AA

(vented bottle) if needed

Hﬁosfﬁzoz Blank___ (5881~ 7-4) 100 ol ___ MWe ADA-2EHZ
H2504/KMnO4 Blank__ (388(-7-3) 100ml ___ Hg- Aps-2£6Z)-9 7

1N KCI Blank Ggsi-7-22) 00mi __ 1Ha- ADA-ZEZI-10Y
Acetone Blank (7881~ 4’@ 100 mi ___ 1He ADA-2-EX|~ || o

Acetone Lot No. _00(793

0.1 N HENO3 Blank__ (3%51-7-1) 100ml . 1Hg- ADA-2-ELI~(2

0.1 N HNO3 Lot No. - - o o
S ) A L2 -ET )~

Fo%s f‘@ﬁd'ﬂﬁjf&uxue He t ETREL- T - g) 100l ,;D,;,z_g,,ig“//o% A3 CTS&",?'(') foonal ADA-Z-C }4‘

Filter Blank ID:_A-S4=3=~&L ' F (0 e ADA-2-ET- 1SS

THAI oy

Sample Recovered By: %@.&W_ Date: bs Time: g‘ﬁig

Sample Relinquished By: yL)AhuM/O M Date:offzfet Time: 12135
Sample Received By: ﬂ ,QA A/Vd' e Date: ;éél Y2 Time: / 25 3,

Sample Relinquished By. Date:_ Tiene:
Sample Received By: Date: Time:
Sample Relingoished By: Date: Time:

Sample Received By: Date: Time:



Cr‘cm of Cusicdy: Oniaric Hydro Mercury Trcin

Project Number: #281.2

Lsp Ialef

Location:

#24/5 /

Date.if ST A
‘Test No.: - ADA-2-EZ2

« SAMPLE NO.

APPROXIMATE VOLUME

Filter No. 11Dz 03

Filter No. 21D:_QF /i

Front Wash (Acetone)

Front Wash (0.1 N HNO3)

Impmgers L2 and 3-1(KCD

Yy ApA-2-£79 1

1He. ADA-2-&€12-2."

Py,
wewl Wby ADA-2-Erz-37
100ml Vo Ha- Abﬂ—z-éfz-tff

C:ﬁ'{;wd‘[, s ADAfZ‘E'IZ*S—/

Tmpingers 1, 2, and 3 -2 (KC])__(lf needed)

J1Hg- /J/n-

Impingers 1, 2, and 3 -3 (KCI)___ (if needed)

He A/A

Impingers 4 and 5 (Dry and ANO3/H202)

L) el thg. ApA2-EI2-G/

Impingers 6, 7, 8 and 9 (dry and H2504/KMnO4) -1
{venterdt-bottle)  _

580wt - ADA-2-£E2-TF .~

"o H/A

Impingers 6, 7, 8 and 9 (dry and HZSO‘!IKMI:OA#) -1
{(vented bottle) if needed
HNO3/A202 Blank (5861-9-3) 100ml___ He ADA-2-£22-8
H2S04/KMnO4 Blank, (5381-9-1 100ml | W ApA-Z-€r2-9.
iN KCl Blank (J¥8i-9~ 2) 100ml g ADA-2-EL2-lo
Acetone Blank 100mi ___ Heg— Mzg/m
Acetone Lot No.
0.1 N HNO3 Blank W00ml . e r{/n
0.1 N ANO3 Lot No.

Backue ‘Tkwbut,
Filter BioaiedB:_(ID) 0) - Ity ADA 2" T2~ |1 -~
Sample Recovered By: ‘. Aﬂ Date: 35// 'MH Time: /538
Sample Relinqpished By: ‘ig) Date D{A?/or Time: (235

Sample Received By: A‘\I bm\f’ —0n

Date:l?f/ﬁ?ﬂ’/ Time:_/ % f

Sample Relinquished By:

Date: Time:
"Sample Received By: Date: Time:
Sample Relinquished By: Date: Time:
Sample Received By: Date: Time:




Chain of. Custedy: Onicric Hydre Mercury Train

Project Number: 325.{2,

Location: AS P Inkt

Date: © 51125 ot
Test No.: -ApA-2-EL3

« SAMPLE NO.

APPROXIMATYE VOLUME

Thinble

Filter No. 1Th:_ 26

“Fhindie
Filter No. 2ID: _07
Frlfer Mo, 35D QF I8

Front Wash {(Acetone)

¥rount Wash (0.1 N HNO3)

Dopingers 1, 2, and 3-1 (XCY)

IHe: ADA-2-€X3+

g~ ADA-2-EL3-2 .7
ApA-2-EX3-3

wom v #te_spa-z-ezzd

-

o0l oV s avp2- 155

= Goerl Tg- 4OA-2-EL3-b 7

Impingers 1, 2, and 3 -2 (KCI)___{if needed)

Hz- Sk

Impingers 1, 2, and 3 -3 (KCI)___ (if needed).

LH?g-/u,/Z

Tmpingers 4 and 5 (Dry and ANO3/H202)

o= 1l 18y ApA-2.-£23-7/

Impingers 6, 7. 8 and 9 (dry and H2S04/KMnO4) -1
(vented-bottle)

Impingers 6, 7, 8 and 9 (dry and H2504/KMnO4) -1
(vented bottle} if needed

ol |
MASHUIO™ . appz.E23-5

z;’ﬁ‘ﬁz at =

L4

HNO3/B202 Blank__ (388(~ 0 -3) 100 mi ___ 1He. ADA2-£53-F
H2S04/KMnO4 Blank___( 358~ lo—() 100ml __ 1He ApA-2-Ezz-le /
IN KCI Blank (segi-10-2) 00ml ___ tHg gom-2-623-47
Acetone Blank womd g W/a

Acetone Lot No. |

0.1 NENO3 Blank__(>88(-[0-5) 00ml . 1He ApA-2-Er3-]2
0.1 N HINO3 Lot No.

Filter Blank ID: i Hig-

Sample Recovered By:%m@%(ﬁ Date: gz/gbZLTime: isSo

Sample Reﬁnqpished By: g3 \ l \E Date:O{/ézz { Time: J/gz"-%r: QAM
Sample Received By: %b M"‘ s Date:m:ﬁme: ﬂ/?{‘ B A~
Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:

Sample Relinquished By: Date: Time:

Sampie Received By: Date: - Times:




Chein of Custedy: Oniaric Hydro Mercury Train

Dates G‘H'LG !Di

Test No.: - ADA-2-Ex

Project Number: Abl2

Location: £ESP Talet

Thomble

FilterNo.' 11D:_ 98

Filter No. 2 ID:
F:ll‘{'(’.r fdﬂr 3;0: "}—

Front Wash (Acetone)

Front Wash (0.1 N BNO3)

Impingers 1, 2, and 3 -1 (KCI)

APPROXIMATYE VOLUME v SAMPLE NO.

- ppa-2 €241 7

‘e o offzelei ﬂc‘p‘ﬁmﬂi

ADM-2- ETH-E 7
10eml e gpa-2-£29 AL

a‘lfj{jwf/

Impingers 1, 2, and 3 -2 (KCI)____(if needed)

Impingers 1, 2, and 3 -3 (KCI)____ (if needed)

Tmpingers 4 and 5 (Dry and HNO3/H202)

Impingers 6,7, 8 and 9 (dry and H2S04/KMnO4) -1
(vented betde) _

Impingers 6, 7, 8 and 9 {(dry and H2504/KMnO4) -1
{vented bottle) il needed

HNO3H202 Blank (I 88i-|2L- 2)

H2SO4KMuO4 Blank (S 88 -12-1)

1N Kl Blank (5851-10-6)

Acetone Blank

Acetone Lot No.

o7 H#NI3 Control Kinrse
LN BEmk

0.1 N HNO3 Lat No.

&

{e.
FﬂT«i’r Blank ID:__jO

100ml___
100mi
100ml ___

108md

Sample Recovered By: “

18- APA-2-EZY-5 .~

e App-2-EE¥6

Wi 1/a
18z al/p

s ADA-2 “E24-T

IHg ADA-2-E£ZY-8

<t oA

1He ADA-2-E14-F

g A9p-2-FL¢-ios]

iHg. Apa-2-£z¢-!l /

1He___+n

afot
ngwﬂ.‘d ADA-2-exd- 12

1Hg- ApA~2-EZ¢-13 /

Faonesk Date: 4/2/or Time: /bfé

: ‘ £
Date: #%/ 7 Time: /235

Sample Rehnqmshed By: (4 Ligrim

Sample Recewed By: A P JJA( Date:%?/oiiﬁme: _L__(
Sample Relinguished By: Date: Time:

Sample Received By: Date: Time:

Sampie Relinguished By: Date: Time:

Sample Received By: Date: Time:




Chain of Custody: Ontaric Hydre Mercury Train

Project Number: A2el. 2 - ) Date: M

Location: LoiPpc Tnlet o Test No.: - ADA2 -T2
APPROXIMATE VOLUME . SAMPLE NO.

Filter No. 11D:__QF I3 g Aof-2-CI2-] -

Filter No. 2 ID: 1He- A)’/ﬁ

Front Wash (Acetone) ' 100 ml Z - APA-2~ET2 -2

Frnnt- Wash (0.1 N BNO3) ﬂ&mTjsfg' e AvA-2 €L2°3 ~

Impingex;s 1,2, and 3 -1 (KCD__ 758 mé-) e ADVA-Z-cFZ- ./

Empingers 1, 2, and 3 -2 (KCi)M(;.f needed) tHa- /.J/ﬁ

Tropiogers 1, 2, and 33 (KCY)___ (if needed) - P AJ/!P

Impingers 4 and 5 (Dry and HNO3/H207) A0 | Mg ADA27CI28)

Impingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 (= 557%4/) 1Ha AbA-2-¢I2°¢ 7

(vented bottle)  _ )

Impingers 6,7, 8 and 9 (dry and H2S04/KMnO4) -1 He- A, /é ]

{vented bottle) if needed

HNO3H2OZ Blank | 100mi__ Hise- e

H2S04/KMnO4 Blank 100mi ___ g ,Oﬁ

N KCl Blank Woml e A

Acetone Blank . 100ml Hg. ﬂ/?

Acetone Lot No. |

0.1 N HNOS3 Blank . 100ml g Y /4

0.1 N HNO3 Lot No. 0ol A—ﬁﬂ"?—"@z'7— o

(0o H1Oz Reasend W(fz’&%—*f) /
we_ Al

Filter Blank ID:

Sample Recovered By: Z[}W /0 %ﬁ)a& : 024 /o Time: (870

Sample Rehnqmshed By: grne ~ DateﬂéZZQLTlme /235
Sample Received By: D-Jb M(&w Date: ééldl Time: / A 3-’
Sample Relinquished By. Date: Time:

Sample Received By: Date: Time:

Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:




Chain of Custody: Onicrio Hydro Mercury Train

" Project Number: 4282 ' Date: Jﬁku’zo!

Location:_ CO#PAC Tnlet ‘Test No.: -_A0#-2-<L3

APPROXIMATE_VOLUME . SAMPLE NO.
Filter No. 1 ID:__ (PF e He-_ A OA-2-CL3 v
Filter No. 2ID:___—~ Hg- Yz

A

Front Wash {Acetone) ot __"'g Hege APA-2-CIZ-2 -
Front Wash (0.1 N HNO3) 100 P Y ipme Ava-z-033-3 .
Impingers 1, 2, and 3 -1 (KCI)__ Dl Bee ADA-2-CE3-4/
Impingers 1, 2, and 3 -2 (KCl)__fif needed) me  Ma
Impingers 1, 2, and 3 -3 (KCI___ (if needed) g __pfa
Impingers 4 and 5 (Dry and HNO3/H202) Y e gog-2-cz35T
Tmpingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 Thoowt- ¥Bg-__ApA-2-CF3-L/
(vented-bottle)
Tmpingers 6,7, 8 and 9 (dry and H2304!KM1104} -1 e AJ’/‘I
{vented bottle) if needed
HNO3/H202 Blank 100ml__ g s
H2S04/KMnO4 Blank 100ml __ 1Hs ,:{/A
1N KC Blank 100ml . W A4
Acetone Blank 100 ml Hp- p%q
Acetone Lot No.
0.1 N HNO3 Blank 00mi g A
.1 N HNO3 Lot No.
Filter Blank TD: He

Sample Recovered By: 7 \g Date: 24/25/4Time: (§7.2-

Sample Rehnquxshed By: ‘ZJmm O M Date: o' /’-’F/of Time:__{ 235

[8)
Sample Received By: Q_)é ‘ M Lot Date:‘?/??f/of Time:_/23§"
Sample Relinquished By: Date: Time:
Sample Received By: Date: Time;
Sample Relinquished By: Date: Time:

Sample Received By: . Date: Time:




Chain cf Custody: Oniario Hydro Mercury Train

Project Number: A282
CottFae

Location: »=51 Inlet
oK oy,

e

Date: ¢
ADA- 2L
Test No.: : .
B ot zelof
APPROXIMATE VOLUME « SAMPLE NO.

Filter No. 11ID: Q}F/q
-

Filter No. 21ID:

Front Wash {Acetone)

Front Wash (0.1 N HNO3)

Tmpingers 1, 2, and 3 -1 (KCI)

arh-2<Y-1
1y A AsQe 2uak,

=¥ 201
R/,

100 mi _‘/ 1Hg ADA-2-CE4 -2

mm"’mb Uk ADA-2 <Z4-2 .~

5 GPdonic 3F5ge_AoA -2 -/

Impingers 1, 2, and 3 -2 (KCD___ (if needed)

Impingers 1, 2, and 3 -3 (KCH)_ (if needed)

Impingers 4 and 5 (Dry and HNO3/H202)

Impingers 6,7, 8 and 9 (dry and H2804/KMnO4) -1

(vented-botile)_ _

Impingers 6, 7, 8 and 9 (dry and HZSO4/KMnO4) ~1

(vented bottle) if needed

IO B /% /1/1)03 gi auwkv

H2504/KMn(4 Blank

IN KC1 Blank

Acetone Blank

Acetone Lot No.

0% H1)03 W Contro( KiRse

0.1 N HNO3 Lot No.

Filter Blank 1D:

tHge /A
R/
MASHe e Aos-2-c2¥-8
2 5t AHg- ADA- z-c;lf-'.’./
g S/
100ml___ 1He- AJ—I.ZH—-ADA’B-C'IH‘B
100 ml 1Hga— ,\jfh—
100ml ___ UHg- N’/i\—
100m A/‘ilq—
sl
100ml 1Hg. 1:%" ADA-2~cE+="T

-y

Lﬁ Date: df%}‘ Time:- 7 § %0
Sample Relinquished By'_{gumd— ,C &%ﬂ«nﬁakp Date: o4/27fes Time:_{2 35

Sample Recovered By:

Sample Received By: [\ B Vlf Date:7/2¥6{ Time:_{J 3{
Sample Relinguished By. Date: Time:
Sample Received By: Date: Time:
Sample Relinquished By: Date: Time:

Sampie Received By: Date: Time:




Chain of Custedy: Cniario Hydre Mercury Train

Project Number: A247%4 2 ) , Date: 02'[,;120/

Location: CotF4e Oudlef __ “Test No.: - SR chﬂf}ﬁ/p{
APPROXIMATE YOLUME . SAMPLE NO.

Filter No. 1ID: §F /0 trgmADA 2~ c02-]
Filter No. 21D ___:_“W__ 3} tHe- /‘),/ 2

Front Wash (Acetone) }{ﬂrﬁ; i(" g pgop-2-CO2-2
Front Wash (0.1 N ANO3) ol 2 1Hg. poA-Z-CO2<Z .
Iropingers 1,2, and 3 -1 (KCD__ Z%opd. g ADA2-COZ-4-
Impingers 1, 2, and 3 -2 (KC:)__,(& needed) e »)/ A

Tmpingers 1,2, and 3 -3 (KC1)___ Gf needed) 1He- /J‘/ A

Impingers 4 and 5 (Dry and HNO3/H202) ~[%0 e 1Hys- ADA-2-CO2Z- g
Twpingers 6, 7, 8 and 9 (dry and H2S04/KMnO4) -1 f;’.{-_fb ol e ADA 2 -£02- 6.
~frentedIrstile)_ _

Impingers 6,7, 8 and 9 (dry and Hz’s04/k:Mn04) -1 18y /d/a

(vented bottle) if needed

ANO3/H202 Blank Womi___ Wg—_ Yla
H2504/KMn0O4 Blank 00ml e Ml

IN KCl1 Blank Wom _ aHe Y

Acetone Blank 100ml _ iHg= /,Zﬁ

Acetone Lot No. |

0.1 N HNO3 Blank _ 100mt . Hig= 0/4

0.1 N BNO3 Lot No.

Fiiter Blank ID: Vs 1He— N/ lil

Sample Recovered By:w s 4 /1 . Date: 2%/ /o Time:_{(& ¢S

Sample Relinquished By: ,’J,,me £ J\&(‘fmgf Date: o%% | Titne: 2038

Sample Received By: gﬁ V/\‘\ W Cezz Date:##ﬁl’l‘ime: / 257

Sample Relinguished By: l. Date: Time:
. Sample Received By: Date: Time:

Sample Relinquished By: Date: Time:

Sample Received By: Dates: Time:




Tmpingers 4 and 5 (Dry awd HNO3H202)

Chain of Custody: Ontario Hydro Mercury Train

Project Number: A2§i.2-

Location: C0RPAC Cudt et

Date: Oﬁég s/ f

‘Test No.: - A28 -2 ~CO3

APPROXIMATE YOLUME + SAMPLE NG,

Fiiter No. 1TD:_ QF 14
Filter No. 2 ID: il

Front Wash (Acetone)

Front Wash (0.1 N HNO3)

100 mi

100 mi

1He._Apa-2-co3-§ "

Mg~ ~/n

Mo ADA-2-CO3-2./

N
_;\,_/ WHp-_ ADbA-2-Co3- 3 s

o §90 al 1Hg- Apa-2-co3-4./

Impingers 1, 2, and 3-1(KCY)

Impingers 1, 2, and 3 -2 (KCI)___(if needed)

e 2

Impingers 1, 2, and 3 -3 (KC1)_ (if needed)

Y/

AI60MC 1He ADp-2-C03-5 .~

Tmpingers 6, 7, 8 and 9 (dry and H2504/KMnO4) -1
(vented bottle} _

> 539l 1Hg- ADA-2-CO3-6-

Impingers 6,7, 8 and 9 (dry and HZSO4/KMnO4) -1 1He— A),/ fr“
{(vented bottle) if needed

IINO3/H202 Blank 100mi 1He- Méf
H2S04/KMnO4 Blank (> 851 - Jo-4) 100ml _ Hg APA-2-Co3-T7/
N KCl Blank 00ml 1 /"%4
Acetone Blank 100mi Mg A{/’f
Acefone Lot No.

0.1 N HNO3 Blank 00mi . 1He- /J/ A
0.1 N HNO3 Lot No.

Filter Blank ID: 1Hg- /bj/ P
Sample Recovered By: Date: %’A‘L'ﬁme: I17%1

Sample Rehnqmshed By: Z&.J,uj—,u.rm..@

- L@
Sample Received By: A b' 1A C—J'

’} -
}woil}ate: ai!mfaf Time: {+3 4

//AféLTimezl%iC

Date:,
Sample Relinquished By' Date: Time:
Sample Received By: | Date: Time:
Sample Relinquished By: Date: Time:
Sampie Received By: Date: Time:




Chain of Cusiody: Ontaric Hydro Mercury Train

Project Number: A2&l2

Location: Jo#Pac Ouly Jet

Date: éf[‘ 2o fed .

‘Test No.: QoA-2-coF

» SAMPLE NO.

APPROXIMATE VOLUME

Filter No. 11D:__OQF I8

TFilter No. 2 ID:

Front Wash (Acetone)

Front Wash (0.1 N HENO3)

Tmpingers 1, 2, and 3.1 (XKCD

tHy ApA-2-Cod~[

Y/
100 ml _ﬁl/ $Hge ADA-2-Cod-2. ./

s
I00m M- 1Ha. ApA-2 -Cot3

A Jooml g, ADA-2-604-4 .~

Impingers 1,2, and 3 -2 (KCh) __(Gf needed)

oo 1A

Impingers 1, 2, and 3 -3 (KCI)___ (if needed)

7

Hg- VA

Impingers 4 and 5 (Dry and HNO3/H202)

L
A 5 Foe- AbA-27 oS

Impingers 6,7, 8 and 9 (dry and H2SO4/KMnO4) -1
(vented bottle)

Tl Fig. ADA-2-E0H-b.

Impingers 6,7, 8 and 9 (dry and HZSOMKMnOAi} -1 1Hg- ,JT/};

{(vented bottle) if needed
ANOYH202 Blank 100mi__ 1Hg- A{/A
H2504/KMnO4 Blank 0oml g _Mfa
1N KCl Blank 100ml __ 3He- »{/A
Acetone Blank 100mi __ Hg /A
Acetone Lot No.

Wﬂ{o% 4o &WMG%J’Q-EO 100ml Bp ArA-2-Cof T/
!O Yy fHrd 03 Control Binse AOA-2-CoH -8
Filter Blank ID: Hig
Sample Recovered By: Date: M_{Time: (737
Sample Relinquished By: dyt s At Date: 2#/27 fo; Time:__ /235"

Sample Received By: _(hf" ‘ hf\( L\—- Date: of Time: _{ 2 ;S
Sample Relinquished By: | Date: Time:

Sample Received By: Date: Time:

Sample Relinquished By: Date: Time:

Sample Received By: Date: Time:




Ontario Hydro Mercury Train Setup and Recovery Weights

Date: M%g/r)/ Project: A6, 2

Train ID: &'gg i f/m'ﬂ fg_gﬂ zﬂ[g{') Run No.:

@ #/23/01 '
St APA-2-EZ]

Filter ID: C?F? '

Impinger 1 - 100 ml KCI Solution

Impinger 2 - 100 ml KCl Solution

_ Impinger 3 - 100 ml KCi Solution

Impinger 4 - empty

Tmpinger 5 - 100 ml ENO3/H202 Solution
Impinger 6 - empty

Impinger 7 - 100 ml H2SO4/KMnO4 Solution
Impinger 8 - 100 ml H2SO4/KMnO4 Solution
Impinger 9 - 100 ml H2SO4/KMnO4 Solution

‘Weioht, grams
Initial Final Net Color

L pe39
G275 417 7

b330 433/

s, 3 9.4

5934 593.5”
437 4327
S5 576.5
593/ 5932

5849 5352

Received for recovery by: VJJAW @M

Impinger 10 - empty 487 3 #92.4
Impinger 11 - silica gel ) ’7&‘/, 7 751 Do Chan gy
Net Total:
Additional Comments:
Date Time
~ Prepared by: Z/foﬂm [ »&«{-C&i&i ot /3o (232
Received for, samplmg by ﬁ(ﬂrﬁ%y /‘E/M L//Z5/Of /5

0‘%/2}/0( /4 20
(/ o



Ontario Hydro Mercury Train Setup and Recovery Weights

Date: m/ng /d/ Project: 426/, 2

Train ID; &@ (7/@',, [g,gf_’ _fﬁé{*) Run No.:

Filter 1D: QF?

Impinger 1 - 100 ml KC1 Solution

Impinger 2 - 160 m! KCI Solution

Impinger 3 - 100 m! KCI Solution

Impinger 4 - empty

Tmpinger 5 - 100 ml HNO3/H202 Selution
Impinger 6 - empty

Impinger 7 - 100 mi H2S04/KMnO4 Solution
Impinger 8 - 100 m! H2SO4/KMnOQ4 Solation
Impinger 9 - 100 mi H2SO4/KMnO4 Solution
Impinger 10 - empty

Impinger 11 . silica gel

Additional Comments:

~ Prepared by: .

@ ¥/2zfo] )
= APA-2.-EZ |
Weight, srams
Initial Final Net Color
ot/ g2 7
6275 4277
L33,0 433/
Sitp, 3 o
5934 5935~
437 6 432.7
5md %5
593/ 5932
5847 5950
447.3 #92.4
4.7 %5, { Bo Chanse-
Net Total:
Date Time

odfos by 23

Received for sampling by:

C{ /jww' r‘/M

Y2300 /iy5

O_‘fr’[ﬁ,/a( /4 2o

Received for recoveliy by: 7 )/(j!’mw, @M
7 \ -. >,



Ontario Hydro Mercury Train Setup and Recovery Weights

Date: d‘f[z,#/c;

Project: A28, L

Train ID:@A’ S Tnlet

Run No.: gdA-2.-£x2_

W#/L‘l&f
BEL

Filter ID:

Impinger 1 - 100 ml KCI Solution
Impinger 2 - 100 ml KC} Solution
Impinger 3 ~ 100 ml KC1 Solution
Impinger 4 - empty

Impinger 6 - empty

Impinger 10 - empty
Impinger 11 - silica gel

Additional Comments:

Weight, grams .

Received for samplmg hy:

Initial Kinal Net Color
YA (70,8
L2178 631 4
G 36.0 6343
AffA. | 2.4
Tmpinger 5 - 100 ml HNO3/H202 Solution 5959 34490
43¢ +#35. |
Impinger 7 - 100 ml H2SO4/KMnO4 Solution £78.9 58,9
Impinger 8 - 100 ml H2S04/KMnO4 Solution 49¢ o 397.¢4
Impinger 9 - 100 ml H2SO4/KMnO4 Solation 584.5 586.5
442.5 4837
75,8 778§ /3 ogent-
Net Total:
Date Time
Prepared by: 7//47!44»&4'/(0 M 0’//2 7’/&! OF 45
aq/;tg[ﬂ_ 6% Y
otfiifor _1#:33

Received for recovery by: Zj%_z,hm. ,O ‘-Z(-:«_i—(ga%)y



Ontarieo Hydro Mercury Train Setup and Recovery Weights

Date: ;j‘f{/z)/‘éj Project: A28/ 2

Train ]D:@,élf 7 Infet Run No.: dp4-2-£73
A lter «‘m'xlafe_ i’:}

Filter ID: ___(PF /5

i
ki

Prepared by: WW Q \‘Jgi{,,_m

Weight, srams
Initial ¥inal Net Color
Impinger 1~ 100 ml KC1 Solution $07.7 L 73,4
Impinger 2 - 100 ml KCI Solution (»29.8 636.0
Tmpinger 3 - 100 ml KC1 Solution 6 3¢ ] £33 6
Impinger 4 - empty Wit & YN
' Impmger 5 - 100 ml HNO3/H202 Solution 5959 ST
Impinger 6 - empty 4346 284 7
‘ Tmpinger 7 - 100 ml H2S04/KMnO4 Soluﬁoﬁ RS 5775
Tmpinger 8 - 100 ml H2SO4/KMnO4 Solution S95.1 595, 7
Impinger 9 - 100 ml H2SO4/KMnO4 Solution ~_s594.+ 5844
Impinger 10 - empty 33,7 #4845
Impinger 11 _ sifica gel _ 77%. < 790.7 /Z ,f,z-,dnf'
Net Total:
Additional Comments:
Date Time

ol 093c

FAA
Received for samplmg by: ,ﬁ;\, J_/Lﬁ

‘M,%S/ff p93%

Received for recovery by: 7 L,/W @ W

0“/[;{/1" (452




Ontario Hydro Mercury Train Setup and Recovery Weights

Date: a?‘f/% /ei Project:  A2f1, 2
@, _—
Train ID:_£SP Tnlef - Run No.: A#A-2- £z4
Coller 4 Thmble zp 08
iHZ i 40 o7

S
YilteF ID: /4

Weight, gramsg
Initial Final Net Color

Impinger 1 - 100 ml KCI Solution L7, 0 682. 7
Impinger 2 - 160 ml KC! Solution | 6291 (32,2
Impinger 3 ~ 100 ml KC] Solution L3t 2 &32.7
Impinger 4 - empty H2.0 2 A

Impinger 5 - 100 mi HNO3/H202 Solution S$%.8 602.4
Impinger 6 - empty | #30. 6 450.9

Impinger 7 - 100 ml H2SO4KMnO4 Solution 57, L7829

Impinger 8 - 100 ml H2SO4/KMnO4 Solution SISL 596.0

Impinger 9 - 100 ml H2SO4/KMnO4 Solution 586 F 5885

Impinger 10 - empty 8¢ 0 434 9
Impinger 11 - silica gel 7257 739 7 5 et
. 7
Net Total:
Additional Comments:
L 3

Date Time

Prepared by: (ZzJ ,O Jd—\w -mééczj Jelef

Received for sampling by: Ey%@%‘ﬂ;% ’ %ﬂ——eﬁ s /Z Ller ol
Received for recovery by: : Q %W_%Q - o7 /z.;[, i JH3s

A

L



Ontario Hydro Mercury Train Setup and Recovery Weights

Date; ﬂ‘//’i‘ﬁ{ﬂi Project: A 28/. 2

@& —_—
Train ID: (pitifd e Tn fet RunNo.: gpA-2 -c17

Filter ID:_Q\3

Impinger 1 - 100 mi Kl Solution
Impinger 2 - 100 mI KC1 Solution
Impinger 3 - 100 ml KCl Selution
Impinger 4 - empty

Impinger 6 - empty

Impinger 10 - empty
Impinger 11 - silica gel

Additional Comments:

Weirght1 STAIS
Initial Kinal Net Color
579.3 b
St 5879
5839 550
Kot - #oS.1
Impinger 5 - 100 ml HNO3/H202 Solution 607 L 2o
46,3 He. 4
Impinger 7 - 100 ml H2S04/KMnOQ4 Solution 610.7 G2, |
Impinger 8 - 100 ml H2S04/KMrO4 Solution 428, 4 507, 8
Impinger 9 - 100 ml H2S04/KMnO4 Solution 427 4 608.8
Y738 e
W97 T8LS Jiapect
Net Total:
Date Time
Prepared by: Z()/rmm ,@ \&M\Q o4 /74/(,[ 292}
NN e O St e

Afothy 17:1f

Received for recovery by: @dgu»& :Q\X\ik%mé?



Ontario Hydro Mercury Train Setup and Recovery Weights:

Date: a‘/[/zs%sj - Project: 2247, 2
5

Train ID:_ CotPac Lnle Run No.:

APA -2~ T3

Filter ID: CPF./ A

Impinger 1 - 100 mi KC! Solation

Impinger 2 - 100 ml KCI Solution

Irpinger 3 - 100 ml KCI Solution

Impinger 4 - empty

Impinger 5 - 100 ml HNO3/H202 Solution
Impinger 6 - empty

Impinger 7 - 100 ml H2S04/KMnQ4 Solution
Impinger 8 - 100 ml H2SO4/KMnO4 Solution
Impinger 9 - 100 ml H2SO4/KIVinO4 Solution
Impinger 10 - empty

Impinger 11 —.silica gel

Additional Comments:

Prepared by: Zd,g,w%@ WWA}@

‘Weight, srams
Initial Final Net Color
S%.4 (w3
SPT2 St 4
5859 SBA
ek XA Yo7, i
b155” Lty 2
+98.9 S48
Ll 2 §17.§
6/0. 8 £l
6.8 - o
4T 2 6
8.4 793 fo per?
Net Total:
Date Time

Received for sampling by: /M do

othsht i

balsstr.  [Oz0

Received for recovery by: %ﬁl&% ;O . %%g%

4 ;ZZ;, {/Qf | £535



Ontario Hydre Mercury Train Setup and Recovery Weights

Date: af,é/zc, /o j Project:

A2g7 1L

Train ID: @di’/‘;‘ﬂﬁ! 2 Za Aﬂ"

Run No.: Aop-2-¢71¢

Filter ID: _§F/

Impinger 1 - 100 ml KC1 Solution

Impinger 2 - 100 ml KC! Solution

Impinger 3 - 100 ml KC1 Solution

Impinger 4 - empty

Impinger 5 - 100 ml HNO3/H202 Solution
Impinger 6 - empty

Impinger 7 - 100 ml H2SO4/KMnO4 Solution
Impinger 8 - 100 ml H2SO4/KMnO4 Solution
Impinger 9 - 100 ml H2S04/KMnO4 Solution
Impinéer 10 - empty

Impinger 11 - silica gel

Additional Comments;

Weight, orams

Initial Final Net Color
SB1.¢ 6610
4777 B0, 2
B04. & 8870
4065 Yo 5
bls. 0 G152
#78.8 #98. 7
AT XA
bin. S 6/9. 8
o aiy B Y743
Pp. 8 799. 2 Yo ppond
Net Total:

' Date Time
Prepared by: LZ:,J?}M Y ;O W 0?‘/%/9/’ [e o
Received for sampling by: m« /) ] 4//6@(2( Jor 3
6%[%/ 8 jg SO

Received for recovery by: Yt s ira @ &)&;r.
i ) \




Ontario Hydre Mercury Train Setup and Recovery Weights

Additional Comments:

Prepared by: _/ ynsen. k). K LSO

Date: » {Auf/ﬂ ) Prujectf Vw2 1A
Train m?ﬂsz%’c 2L d?gi;/ef Run No.: Apa-2-c02
Filter ID: c?F /2
Weight, ocrams
Initial Kinal Net Color
Impinger 1 - 100 ml KCI Solution 5941 Tikd |
Impinger 2 - 100 ml KCI Solution 58574 591, 4
Impinger 3 - 100 ml KCi Solution 580.4 S50.9
Impinger 4 - empty 4323 433, 4
Impinger 5 - 100 ml HNO3/H202 Selution 596.9 5970
Impinger 6 - empty #16.3 #17.3
* Impinger 7 - 160 m} H2S04/KMnO4 Solution 477 3 L7% L
Impinger 8 - 100 ml H2S04/KMnO4 Solution 400, 3 £02.3
Impinger 9 - 100 ml H2SO4/KMnO4 Selution %47 = <$70.9
Impinger 10 - empty 542.9 S¥ o
Impinger 11 - silica gel 7864 £o4.9 VA dpin]
Net Total:

Date Time

a%/y/ér’ Roriele

Received for samplmg by: b3 /\ %f/\/\ﬁ

otf29fsr s

uféi é{ lbec

Received for recovery by: 20}!4: iO )ﬁ éﬂ C\f/



Ontario Hydro Mercury Train Setup and Recovery Weights

Date: p ;’//é_b’/aj Project: 14% A#;/;j, 2
Train ID: Codfne Oullel Run No.: _ﬁDA 2 -CO3%
Filter ID: _QF /¢
Weight, srams
Initial Final Net Color
Impinger 1 - 100 mi KC1 Solution 5%.7 6553
Impinger 2 - 100 ml KC! Solution 5859 95,5
Impinger 3 - 100 ml KC1 Solution 584.¢ 5938
Impinger 4 - empty 432.4 #32.3
Impinger 5 - 100 mi HNO3/H202 Solution S70.5” 594, 9
Impinger 6 - empty A7 8 #7 6
Impinger 7 - 100 ml H2SO4/KMnO4 Solution 677, 2 67 <
. Impinger 8 - 100 ml H2S04/KMnO4 Solution 492 6 800, 9
Impinger 9 - 100 ml H2SO04/KMnO4 Solution 574 2 S76.6
Impinger 10 - empty SE¥ o SH L
Impinger 11 - silica gel o4 & 4248 3/4 eperd
Net Total:
Additional Comments:’
Date Time

Mf/z(/a/ 2§00

Prepared by: j{/fojym ‘& Jé%ng&ﬂ

0?—/37{;/ 0732

Received for Sampling by: W _0 @JM

Received for recovery by:

ot fali 153




Ontario Hydro Mercury Train Setup and Recovery Weights

Date: d‘f/ﬂ—é [0 Project: A26/ 2
) ZEHPAT
Train ID: 0&1‘!@7’— Run No.: #04A-2-€£04

Filter ID: gff’F/ﬁ

Impinger 1 - 100 ml KC1 Solution

Impinger 2 - 100 m! KCI Solution

Impinger 3 - 100 ml KC1 Solution

Impinger 4 - empty

Impinger 5 - 100 ml HNO3/H202 Solution
Impinger 6 - empty

Impinger 7 - 100 m! H2S04/KMnO4 Solution
Impinger 8 - 100 ml H2SO4/KMnO4 Solution
Impinger 9 - 100 ml H2S04/KMnQ4 Solution
Impinger 10 - empty

Impinger 11 - silica gel

Additional Comments:

Weight, ocrams

Initial Final Net Color
5989 7o1.8
_ 5863, 5963
S82. 93,3
1/;;’;2[ i‘ 44324
%m 3%.3
w4 4174
¢77.6 6813
Goté 4039
572,85 S72,0
S¢4.3 Srad;
753.9 7731 A apert”
Net Total:
Date Time

Prepared by: wmw /Q kﬂ«-m

D‘:‘/zé/o/ 0930

Received for sampling by: [0 >

e

Received for recovery by: Zz)

(bod%ms:«?

af/u.[a/ tEST




FIELD SAMPLE CUSTODY

NsTaLAToR: G ast o RosEcTno. A 2 £
TEST NO. 2 DATE - 20
SANPLE
) COMPONENT DESCRIPTION voLAT | TME REMARKS

: | T
ADA‘R-'L-"] D-g ,;1,,1 fQCJ L\/'L‘{cn /)/w;/(. 4’/06’4( jéOO 9 @Jx ’7

ADA-2-1- L KMt /qumr SPEc 11~ 255 14oo
A04-2-13| Ko [Hose  SPEC L™ 250 ((ue

ADA-2-L-Y kﬂmnay/lyzjur SPEL] (7200 /oy )

Aho-2-1-4l H, ¢y //71/2/4:3 SPEC) |~ 1o |73 @av v

AN //

ANd-2-1-7 SPEcy | ™1ua |15)u ]
Aps-rpgl 4 SPELS (oo |5 %0 /
Aps-2lgl /7 Pleal | Atooa |l 530 \l-

a g - f _ i§32 i }i\ -
Sample Taken By 02/ M Dote/Time $=2-¢/ / “Teot Received By M b

Relinquished By Dale/Time / Received By

Relinquished By Dote/Time / Recelved By

Reiinquished By Date/Time / Received By



FIELD SAMPLE CUSTODY

NSTALLATION: Gy o orosEcTNG. A4 26/ )
TEST NO- L o 5 20 (

o COMPONENT DESCRIPTION VOL/WT | TIME RS
AAL- L0 ke L SPECH v 200 Tou Dox T
Apa-2- -0l K (| _SPECL [T 3o isoe §
ANA--Lo K (| SPL C Y |V ioua | | Soa
Apa i Kl P lanfe {102 ) JTOO \//
Apsr-ia) Filter SPEC) wige | Is3e)  Dese.
Aphatay) Filtey  SUE()V 7R/ n |
k7 /
Aosrvi-| Filfer D il o | e \//

. i <-’ -
Sempie Token By 2 %WL’ Dete/Time =200 /| {61e Received By ggéﬂf\ et

Relinquished By Dete/Time / Received By

Refinquished By Date/Time / Received By

Relinquished By ’ Date/Time / Received By



Soothevrn fzﬂfjea.vc(\ Tngtifate / o
C et F, [&e- Sa—mﬂlvs dcv ’ya a N 75{5*
? pl/"“

Cos S C ﬁHB%}(%FIELD SAMPLE CUSTODY

NSTALLATION: AHF roscT N, A2 T
(ST NO- L DATE: S Ju-ef

SAMPLE

NO. COMPONENT DESCRIFTION VOL/WT | TIME REMARKS
aApA = 2

_L,/‘) F,‘/‘)L(/ %-a)lt

Qo4 - 2
-~} - /& F.l/%t’/ + aJA

na<
Sample Taken By ) j‘w"ﬂ Date/Time 9~ /%0t 150  Recsived By })‘ 44"'

Relinquished By Date/Time / Received By

Refinquished By Date/Time / Received By

Rellnquished By Date/Time / Received By




FIELD SAMPLE CUSTODY

ot nt >

INSTALLATION: prOJECTNO. A DG [ -
TESE NG ADA_~ I~ e 5 / 75/0/
Box 1.
o  COMPONENT DESCRIPTION VOLWT | TIME REMARKS

ADA-2- ET | - 3 AceToun pasd | 1+50mil

Ava-a-Ex4l - O. )M HUD ~ 1o mg

AA-I-BI - & ONHNOg ) HaDn ~]S0mR

ADA-3 -ETA-3 A cEred P /V@;Mﬂ

ADA -2-ET 32-¥ O. 1N WNO0 ~ Jooms

ADA-2-EIT2-b 0INHrP03/ H0n ~200ml

ADA-3~ BT 3-%  Acewile ~fpomk

ADa-2~ET3=-5 o.w HMNOy 15

ADA-d~ |ET3-7 0o.]p Huo;/}/};om 18wl

ADA-3 —BT#-% Acenus ~ 100m8

ADA-2~ BT #-5 0. [pHNGe /B m A

A0A-2-|BT 47  oppionflos | ~gosmt|
Sample Taken By Date/Time / Received By .
Relinuished By %{}SM"C_' Date/Timeg;/?fL/ IO | Received By »ﬂ/f’%ﬂg Wils)
Refinquished By B Date/Time / Received By
Relinquished By Date/Time / Received By




FIZLD SAMPLE CUSTODY

NsaLTion: _ Castes (Jnc€ R sroECT N0 ARG [ N
TEST NO. ADA ~ DI ' DATE: 5 / !7;/ o/
B ox
o COMPONENT DESCRIPTION voL T | e  REMARKS

ADA 2~ |ET Y- 6.0 HNO3  A/pomd Blawk
ADA ~A—|C T~ A CETLAR o 1000 mt

ADA ~O~ cxd -3 0.l VO )50 md

ADA~DX 4 CT 2 ~P AcCrer f )v’}fm,:.

APA ~ 3 ~ 2‘“;3:%?’ 7 Huos'/Hy_o-., 1 300m !

ADA-D— €T 3~ 3 O )N VD7 [~viome

ADA -3~ €T3 -8 p )oWbsflhte  |ensut

ADA -2~ CT Y -2 A CEDAN R ~ Jop m)

ADA - CTH4-3  o.whwvs 130

ADA -2 -lcx¥-8 o.puH»)c)},r)l,hrs-L ~ [ mA

ADA-—|C ORA-A RcrRIN% ~7tmd

ADA-2-C 023 . ipHNDA ~Bmd |
Sample Tcken By Date/Time / Received By
Relinquished By {)),W"@—v- Date/ﬁmesﬁ/ﬂ! 116 0 { Received By gﬂ é;’zé ///JZM
Relinquished By - Dote/Time / Received By

Relinquished By Date/Time / Received By




FIELD SAMPLE CUSTODY

wenoy  Gasten Unit 3 provecT N0, _ A6 [
TEST NO- AD A~ OATE: 6’“/ 9 / o)
Box 3
e COMPONENT DESCRIPTION VOL/WT | THNE REMARKS
ADA 2l ° 0w W03 /lhba L lbtml
ADA -~ |CO¥ -2 O . GradR ~ 10om)
ADA-x- KoY~ 3 Q-0 KOO 138wk
AD A -3 ~lCo¥ =5 0. 10HWO 00 b [9CmA
AdA-~r—1Lo03-"> Acerile 1 pomd
ADA -1 C03-3 D WHPOY  [ioemd
ADA -~ (03-5 o A0 /lh0+  |-)gomd
AvA -3 CTY-7 JThis w omA Cortvol Rinse
A0A 21 CTH-8  JoZ, Kb |~ldoms Blan
A DA T LO¥-F /0% HU‘O ? Ao ioml Covelvs] Ringe
S |
— L
Sample Taken By Date/ Tirne Received By
Relinquished By %35 we Date/Time %[/zézL/,/_C_OL Received By ¢ “
Refinquished By Date/Time Received By
Relinquished By Date/Time / Received By




FIELD SAMPLE CUSTODY

Castom Un,t 3

sroseeTvo. /A2 6 [ D

/M

07157 W

INSTALLATON:
TEST NO ADA -~ e S/ ‘1;/ ol
Box ¥ page 4 of 2
e " COMPONENT DESCRIPTION voL/wi | T REMARKS
ADA~QrETI-F a.;pyuog//)/, o, | lov _Blank
-9 4. 60 _/km.,. Dy Joo "
~10 é}'l\u 48" Jo> i
- h ACRAB NG loo "
- O. IV Hoo [0 | N
~,3 /% u,‘\u.xy!ufpym loomn|
-1y /6% HOO3 q-}o;wk Y
AOA-31 ET2 - 8 o.mHave/lho. | Jeom "
=9 Hasou/ltm oy 60md b
16 ym kR ] 00 mx “
ADA-3 +t ETR=9  ountons o, |Joomt v
~10 mea;/ K0y [ /00wt | b
Sarnple Taken By Date/Time / Received By

Relinquished By é,}'v\ C

Relinquished By

Relinquished By

Date/Time /

Date,/Time /

S/2/9 «
Dote/ﬁmeg ﬂ/ 1 & [ peccived 5y

Received By

Received By

y ot . ;
l-‘ K ‘—/
e



FITLD SAMPLE CUSTODY

nsmiaon _ (rastn Und 2 proeTno, ARGl %@Zu;a‘/ }/I
' //)ML’L/‘/ 6,
TEST NO: ADA “ o~ ' DATE; s/ ‘r“/ o] 7 f‘%/}}/
B b"'t"{ FZ..SC- ’3-& ’} ‘
SAMPLE ,
N, COMPONENT DESCRIPTION VOLAWT | TME  REMARKS
ADA-2- 213~ I K [ 0Dt Blow k
-1 O-IUHIUO‘Z JoomA "
‘ADAf‘&— &G o.M I+N05/ o0y Jjoome I
-lb H'LSO‘{/KM“ D\! /00 prg h
-1 /o Ker /60 re u

QP t'f»'-“‘-‘i =P %_);“ v
APA—— 7

! Hr 604/ jetmby | toome
ADa-a1co3 -7 %&%#H‘é‘?%})&ﬁm—-%’— ¥l amle
ADA 24+ co¥-7 /0% Hrvog 105 me u
Q0P -3 CTA- /[0%HNOz  fsomP Bl

\

--‘-'-_

\‘__

\

Sampie Token By Dete/Time / Received By .
( 7 ﬂ, l 5
// .
Relinquished By ULLW\(L’— - Date/Time /M Received By MMA’
Relinquished By - Date/Time / Received By

Relinguished By Date,/Time / Received By



FIELD SAMPLE CUSTODY

wssion, _ Gashin Unrt 3 ot o, 26l
ESTN. _ ADA D o 5/4/o0)
2ox$
o  COMPONENT DESCRIPTION VOLAT | TIHE REMARKS
AOA~3 1C0a~Y s KR ooli  nTooms Twp -2
- ;—'Jasmg/k'mo*g ~ SYbm Ty t-9
ARA-I-ICO3-F ¥ KR S, -~ §oomi Twyp -3
~b u-zsﬂr.,/k.mm_,sdi ~ 5Py Ty €7
AP ARICOE- ¢ 1P Jeer Solb 900 mA Twmy -3
~ 6 Hasoy] kamig @l |~ Loom Ty -9
ADA-2-|ET 4 -8 /v KO Soll  |~bovmd Ty -3
=7 #2504/l nty Soli | ~Shome Tup b9
ADA-3 4 ELTIA-T /0 KA s la ~ oLk Lwy -3
—7 MHaSoy /_IUMMA,S_JL ~5Toml Lwmp 69
ADA-D~ B T3-L (MK )i —~ 900 ml Lung (-3
~ 8 HiSoyfemnoysai [~ spomtl Ty C-9

Date/Time / Received By

Sample Taken By

Relinquished Sy ‘QDW‘-& e Date/Time S’Z%él J {62\ Received By @///”/ (ML/

Date/Time / Received By

Relinquished By

Date/Time / Recelved By

Relinguished By



FIELD SAMPLE CUSTODY

(st (Jm:'f 3

INSTALLATION: PROJECT NO. A; é/' 3‘
TEST NO. ADA~ I~ e _ &/ ‘f/ ol
_ ]goﬁ L . f)aac, 4 o‘p'?—’
SAf\h!Ag.i'_E | COMPONENT DESCRIPTION VOL. /WY TIME REMARKS
AL I-"ET 4~ @ o Ko Glh  |~F00me Loy -3
B 1805 [Kmpy |~ Ssomp Tmp 65
AQA~ - |ET Y- 13 Thinble
A0A d-lcTa-F /KA Sas It Twp -3
-6 G0y [jcmn Oy S | o5t Twmy 67
ADA~AT CT 3%  jn KR Seln  |~omd Twmp (-3
b [aS Oy JEmbydi |~Lobmy Ty 69
AOp-Ar CTY U v K SN | godwt Lomp |-3
6 lySofimby W L gzmd Ty (-9
APA~B-|ET 1) Thiwh e |
ADA - T 2~/ 4
BOA-34 AT 2 - “
Sample Taken By Date, fime / Received By .
Refinquishec By Uh)lv\'“é-ﬂ Date,/Time éfé?éé/&g'_ Received By Cu M@r‘“)
Refinquished By | Date/Time / Received By
Refinquished By Date/Time / Received By




FIELD SAMPLE CUSTODY

TN Gasten Onit 3B PROECT N0, A QL = D~
TEST MO ADA~ I ‘ we. 6/ ZA’)/
B ok é paac ;l o{'?‘
SAMPLE -
NO. COMPONENT DESCRIPTION VOL/WT | TIE REMARKS

APa -3 BT3-4 Thiwble

BOA"A—EI?’Q (¥4
ApDA-2q B4/ i
\\

.

>~

T~

N

Sample Taken By Date/Time / Received By

. Y
Refinquished By 19;/“ - Date/ﬂmai/z/al /1€ 01 Received By cfﬁm
Relinquished By Date/Time / Received By

Relinquished By

. Date/Time / Received By



FIBLD SAMPLE CUSTODY

INSTALLATION: Gy toq A 246 1
TEST NO- 2 5 22!
Bex 7 ’Oaac _4_ o D—
SAMPLE
NO. COMPONENT DESCRIPTION TiME REMARKS
Aoar-1-d  E L] SPECH YR IIEE Do
ApA-2-L-n| M (] SPECL [V 3044 1500 \
Apd--Lnl K (] SPLC Y | Soo }
Ans Ll K I3 Jas ) ) FUO \.//
ADA-1- Lo Fa‘/%ff 5PEC ] [e3e Rese.
Aph-a-tas] Foilt=y  SPE( (12 |
o9 /
P A7
Aosvi | Filder D Joal [b b \//
\‘-—_—_—_—_‘“—_ —_‘

Sompie Taken By )) %WL’ Date/Time 520t /_{ 610 Receved By

Refinguished By (é,l} nl\'“ -

Refinquished By

Date/Time /

Refinquished By

Date/Time /

. o

DG

Received By

Receved By

Dote/ﬁmeg'['g[ﬂl J /621 Received By ( ZZZ !




FIELD SAMPLE CUSTODY

wsnon.  Gast ea sRoECTNO. A 2 ) L
TEST NO i DATE: - 20/
Bx 7 page 2 ot -

Ao COMPONENT DESCRIPTION VoL /WT REMARKS
ADA-A-L=] | Dejvsized waden bhluk |*jpea BW @&x ?
ADA-2-L- | K Mu v [H, S SPEC | |~25%

AD4-1L- Y| K omog [ Wy Jo,  SPEC L™ 250
004204\ K Mo [ By S0, SPEC3 #2090 ]
204-2-t-51 [Aav, [ H, Sy Bluak |77/ 0w \j/
Absa-Lgl M, ey [ BNy,  SPEC | dev s T
Ans Tl " SPEC ™Mo |
An4-2-1-§ N /1 SPECH |ajus /
Aps-rtq N L Peal | vt \l-
T
—-—-—-—_—-—-—J\\—-
e

Sample Taken By Jj%vvé/i Dote/Time 5200 | 230 AT L

7gci Received By

)ngm_

7~
Relinguished By %7‘5:)&" ‘L Dcie/Time§Q ¢l / /‘DI Received By s AL

Relinquished By

Date/Time /

Relinquished By

Date/Time /

Recelved By

Received By




FIELD SAMPLE CUSTODY

Costan Dunct 3 PROECT NO. ARG [ 2=

NSTALLATION:
TFST NO. AQ A~ I~ OATE: S’/ ?/0!
Box8 Fhapd. ot 2
Ao © COMPONENT DESCRIPTION VLA | TIE REMARKS
ADA Q- LIC alte v
AOA-I-LIS N
AQA-Q-LIH ud
ADA-R-EE}l -/5 ~ QFip|
ANA-3— BT L~ D & X |
Aba-2-do¥ -1 Qg
ADA -2~ £O3-) " QEiY
a9u &t coa-/ " RRL
arm9q
ADA - 2> — ET Y- "(l}
Anp -~ cIS -] "RR1b
AQA -2 + T2~ | " B¥L3
ADA ~p{BI > -2~ Y oargy
Somple Taken By Date/Time / Received By ,
Refinquished By ,D} M Car uefimes )2y 1 260) Recenes sy (/Y Mitletd
Refinquished By - Date/Time / Received By
Relinquished By Date/Time / Received By




FIELD SAMPLE CUSTODY

éggﬁh Un :’(' <

INSTALLATION: prosct N0, (A G, D
TEST NO: ADA ~3 e S/ /0]
Bo*}) ¥ Pest 2 of 2~
SAMPLE :
NG - COMPONENT DESCRIPTION VOL/WT | TIME REMARKS
3 ﬂ\(whk /emﬁ-&al
ADA-X TET23-3 Eiler RQFIS badly opstrean.
Frl&c.r BIew ovt,
ADA ~U | —ET4-3 F |te ('mx.q 14 Tave 033454
\\
\\

Sample Teken By

Date/Time

Date/Time

Relinquished By

Relinquished By

Dote/Time /

Received By

Refinquished By ‘9))]\/\“5.,_._ Date/TmeS’é'Z Nyl [62] Received By !42 J/Qé_z/‘—)

Received By

Received By




ATTACHMENT B3

Galbraith Laboratory Analytical Reports



B3a- Baseline Tests



Galbraith Laboratories, Inc.

Accuracy with Speed — Since 1950

.
GALBRAITH'

Aczvracy with Specd

LABORATORY REPORT

Mr. Joe McCain Report Date: 07/20/01
Southern Research Institute
PO Box 55305 Purchase Order #: BH36656
Birmingham, AL 35255 FAX #: 205-581-2448
| SAMPLE ID LABID ANALYSIS RESULTS NOTES
ADA-1-11-1 19026 Mercury @ Filter, 399.01mg
ADA-1-11-2 1-9027 Mercury @ 50mL
ADA-1-11-3 1-9028 Mercury @ 136mL
ADA-1-11-1,23 Combined  1-9029 Mercury <0.010 ng Composite (I-9026-28)
ADA-1-11-4 1-9030 Mercury 0.231 pg/l.  669ml,
ADA-1-11-5 1-903 1 Mercury <0168 ®  pe/ 166mL
ADA-1-11-6 1-9032 Mercury 0.406 ug/L  500mL(487mi) ©
ADA-1-11-7 1-9033 Mercury 1.54 ® gl 100mL
ADA-1-F1-8 1-9034 Mercury <0022 @ 4ol 90mL
ADA-1-11-9 19035 Mercury <0.136 ug/l  500mL (97mLy @
ADA-1-11-10 1-9036 Mercury @) 92mL
ADA-1-11-11 1-9037 Mercury ® 105mL
ADA-1-11-12 1-9038 Mercury <0.010 ug Composite (I-9036-37), Filter, 399.01mg
ADA-1-11-13 1-9039 Mercury <0.200 pg/ll.  98mlL
<0200 9 ug/ 98mL

ADA-1-11-14 1-9040 Mercury <0.100 wg/L. 100mL

Spike Recovery  95.0 0 % 100mL
ADA-1-12-1 1-9041 Mercury @ Filter, 422.10mg

This report shall not be reproduced, except in full, without the written approval of the laboratory. Page 1 of 6

U.S. Mail: P.O. Box 51610 + Knoxville, TN 37950-1610
Other Carriers: 2323 Sycamore Drive ¢+ Knoxvilie, TN 37921-1750
Tel: 865/546-1335 ¢ Fax: 865/546-7209 + Internet: www.galbraith.com ¢ e-mail; labinfo@galbraith.com
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Mr. Joe McCain Report Date:
Southern Research Institute Lab LD.: 1.9026-97
| SAMPLE ID LABID ANALYSIS RESULTS NOTES

ADA-1-12-2 1-9042 Mercury @ 86mL

ADA-1-12-3 1-9043 Mercury @ 150mL

ADA-1-12-1,2,3 Combined  1-9044 Mercury 0.0345 ue Composite (1-9041-43)

ADA-1-12-4 1-9045 Mercury 16.6 ng/L 900mL

ADA-1-12-5 19046 Mercury 2.67 ® gl 164mL

ADA-1-12-6 1-9047 Mercury 16,3 pg/ml  500mL

ADA-1-02-1 19048 Mercury @ Filter, 398.94mg

ADA-1-02-2 1-9049 Mercury @ 96mL

ADA-1-02-3 1-9050 Mercury @ 118mL

ADA-1-02-1,2,3 Combined  1-9051 Mercury <0.010 pg Composite (1-9048-50)

ADA-1-02-4 1-9052 Mercury 20.5 ng/L 725wl

ADA-1-02-5 1-9053 Mercury 2.80 O g/l 144mL

ADA-1-02-6 19034 Mercury i2.56 g/ 500mL (485mL)
12.66 © ug/L 500mL (485ml) @

ADA-1-02-7 1-9055 Mercury 0.676 ® e/l 100mL

ADA-1-02-8 19056 Mercury <0122 9 pe/r 94ml,

ADA-1-02-9 1-9057 Mercury <0.136 pe/L 500mL (98ml)  ©

This report shail not be reproduced, except in full, without the written approval of the laboratory.
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Mr. Joe McCain Report Date:
Southemn Research Institute Lab1.D. 1-9026-97
| SAMPLE 1D LABID ANALYSIS  RESULTS NOTES T

ADA-1-02-10 1-9058 Mercury <0.100 pg/L 100mlL,
ADA-1-02-11 15059 Mercury <0.200 ne/L 97ml,

Spike Recovery 1085 @ % 97l
ADA-1-I3-1 1-9060 Mercury @ Filter, 433.05mg
ADA-1-13-2 1-9061 Mercury @ 85mL
ADA-13-3 1-9062 Mercury ® 166ml
ADA-1-13-1,2 3 Combined [-9063 Mercury 0.0410 ug Composite (1-9060-62)
ADA-1-13-4 1-9064 Mercury 14.1 g/l 680mL
ADA-1-13-5 1-9065 Mercury 1.43 (b ug/L 140mlL,
ADA-1]3-6 1-9066 Mercury 16.02 g/l 512mlL
ADA-1-13-7 1-9067 Mercury <0.141 ng/L 500mL (94mL)y  ©

<0.141 @ g/l 500mL (94mL)  ©
ADA-1-13-8 19068 Mercury <0.136 pg/L 100mL
ADA-1-03-1 12069 Mercury @ Filter, 404.01mg
ADA-1-03-2 12070 Mercury @ 93mL
ADA-1-03-3 19071 Mercury @ 92mL
ADA-1-03-1.2,3 Combined 1-5072 Mercury 0.0282 pg Composite (1-9069-71)
ADA-1-03-4 1-9073 Mercury 29.8 ug/L 680mL
This report shall not be reproduced, except in full, without the written approval of the taboratory. Page 3 of 6
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Mr. Joe McCain Report Date:
Southern Research Institute Lab1D.: 1-9026-97
| SAMPLE 1D LABID  ANALYSIS RESULTS NOTES i

ADA-1-02-5 1-9074 Mercury 1.58 ® el 170mL
ADA-1-03-6 1-9075 Mercury 9.161 ug/ml.  500mL (494ml)  ©
ADA-1-14-1 1-9076 Mercury @ Filter, 570.03mg
ADA-1-14-2 1-9077 Mercury @ 66ml.
ADA-1-14-3 19078 Mercury @ 198mL
ADA-1-14-1,2,3 Combined 19079 Mercury 0.328 ug Composite (1-9076-78)
ADA-1-14-4 1-9080 Mercury 18.6 ng/L 725mL
ADA-1-14-5 1-9081 Mercury 1.65 ® gl 168mL
ADA-1-14-6 1-9082 Mercury 11.69 ng/L 520ml
ADA-1-04-1 1-9083 Mercury @ Filter, 402.90mg
ADA-1-04-2 1-9084 Mercury @ 96ml.
ADA-1-04-3 19085 Mercury ® 124ml
ADA-1-04-1,2,3 Combined 1-9086 Mercury 0.0115 Ug Composite (I-9083-85)
ADA-1-04-4 1-5087 Mercury 26.8 pg/T. 733ml
ADA-1-04-5 1-9088 Mercury 0.892 ug/L 165mL

1.054 © g/l 165mlL
ADA-1-04-6 1-9089 Mercury 8.472 pg/L 500mL

This report shall not be reproduced, except in full, without the written approval of the laboratory.

U.S. Mail: P.O. Box 51610 + Knoxville, TN 37950-1610

Other Carriers: 2
Tel: 865/546-1335 * Fax: 865/546-7

323 Sycamore Drive ¢ Knoxyville, TN 37921-1750
209 + Internet: www.galbraith.com * e-mail: labinfo@galbraith.com

Page4 of 6



Galbraith Laboratories, Inc.

i _ Accuracy with Speed - Since 1650
GALBRAITH

p_al i et 0L
Agcoracy with Speed

LABORATORY REPORT

Mr. Joe McCain Report Date:
Southem Research Institute Lab ILD. 1-9026-97
| SAMPLE ID LABID ANALYSIS RESULTS NOTES I
ADA-1-04-7 1-9090 Mercury <0168 ® e 98mL
ADA-1-04-8 1-9091 Mercury <0.122 peg/L 70mL.
<0122 99 el 70mL
ADA-1-04-9 1-9092 Mercury <0.136 ng/L 100mE
<0136 9 uglL 100mL
ADA-1-04-10 1-9093 Mercury <0.100 pg/l 100mL
ADA-1-04-11 19094 Mercury <0.100 ng/l 100mL
<0.100 © gL 100mL
Spike Recovery 86.5 @ % 100mL
10% H2S04/4% 1-9095 Mercury 0.291 pe/L 292mL
KMnO#4 for spike Spike Recovery 84.9 o o 292ml,
84.3 eh o 292mlL
IM KC1 for spike 19096 Mercury <0.136 pg/L 290mLb
Spike Recovery 121.0 @ % 290mL
5% HNO3/10% 1-9097 Mercury 0.441 ® g/l 695ml.
H202 for spike Spike Recovery 92.6 &5 oy 695mL

This report shall not be reproduced, except in full, without the written approval of the laboratary.
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Mr. Joe McCain Report Date:
Southern Research Institute Lab 1D.: 1-9026-97
TECHNICAL INFORMATION;:

@ This sample is part of a composite. There is no individual result for this sample.

® The quality control standard prepared with this sample exhibited a recovery of 119.3%.

© The volume in parentheses is the original sample volume prior to dilution to 500mL as specified in the method.
@ The quality control standard prepared with this sarmple exhibited a recovery of 80.83%.

 Duplicate analysis was performed on this sample as specified by the method.

© A matrix spike was prepared on this sample as specified by the method.

Authorized Release of Data

Phillip A7Clark, Technical Manager
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LABORATORY REPORT

Report Date:

Purchase Order #:

08/15/01

BHE7480

Binmingham, AL 35255 FAX #: 205-581-2448
| SAMPLE ID LABID ANALYSIS RESULTS NOTES |
ADA-2-El1-1 J1-5405 Mercury i Thimble, 3457.10mg
ADA-2-EI1-2 J-5406 Mercury @ Filter, 402.99mg
ADA-2-EI1-3 1-5407 Mercury @ 93mlL
ADA-2-Ell4 J-5408 Mercury @ 114ml,
ADA-2-EIN-123 4 Combined  J-5409 Mercury 0.125 ng Composite (J-5405-08)
ADA-2-Ell-5 F-5410 Mercury 0.147 ® oyl 605mL
ADA-2-EIl1-6 I1-5411 Mercury <0.186 pg/L 140mL
ADA-2-EI1-7 J1-5412 Mercury <0.146 ug/L 502mL
ADA-2-E11-8 J-5413 Mercury <0.186 ug/l. 96mL
ADA-2-EI1-9 )-5414 Mercury <0.146 ng/l. 97mL
Matrix Spike Recovery  95.2 @ %
Matrix Spike Recovery 957 @ %
ADA-2-EII-10 J-5415 | Mercury 0.158 & e, 99mL
Matnix Spike Recovery 1108 %
Matrix Spike Recovery 1140 %
ADA-2-EI1-12 1-5416 Mercury <0.136 ®  ugl 97mlL
This report shall not be reproduced, except in full, without the written approval of the laboratory. Page 1 of @
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Report Date: 08/15/01
Southerm Research Institute LabI.D.: J-5405-5522
| SAMPLE 1D LAB ID ANALYSIS RESULTS NOTES I
ADA-2-EIL-11 15417 Mercury <0.014 pg  92mls o
ADA-2-EI1-13 I-5418% Mercury <).200 pedl. 96mlL.
<0200 g/l
e Matrix Spike Recovery  99.2 @ % L
ADA-2-EI1-14 J-5419 Mercury <1136 ® ng/L 97ml, L
_ADA-Z-BILLS 0 )-54200 0 Merewy 0 <0014 pg  Filter, 40124mg _
ADA2-EI2-1 15421 Merewy o v _Thimble, 3331.43mg
CADA2-EI22 0 35422 Merewry ” Filter, 407.34mg _
_ADA-2-LI2-3 o ds423 0 Merewy % emL
_ADA2ERZ4 1S4 Meewy ™ A
_ADA-2-112-1,23 4 Combined  J-5425 Mercury 0799 ~_pg Composite {J-5421-24)
_ADA2-BI2-S 35426 Meponry 507 M gl 890mi.
_ADA-J-BI2-6_ 15427 Mercury [ 15 1) B e/l 4@l
ADA-2-EI2-7 1-5428  Merowry 538 updl 351mL -
CADA 2B 1-5420 Mercury <(0.186 ‘ug/l.  97mL L
_ADA-2-ER-9 . 340 Merowry _ 0146 ug/l. 96mL
_ADA-2-TI2-10 o 1s431 0 Mercury <0136 ne/L 9/mL
ADA-2-EI2-11 - 15432 Mercury <(0.014 pg  Thimble, 3359.0%9mg
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LABORATORY REPORT

Mr. Joc McCain Report Date: 08/15/01
Southern Research Institute Lab I1.D.: J-5405-5522

| SAMPLE ID LABID ANALYSIS  RESULTS NOTES
ADA-2-EI3-1 J-5433  Mercury @ Thimble, 3944.44mg
ADA-2-EI3-2 J-5434 Mercury @ Thimble, 3581.60mg
ADA-2-EI3-3 1-5435 Mercury 0 Filter, 433.77mg
ADA-2-EI3-4 }-5436 Mercury @ 115mL
ADA-2-EI3-5 1-5437 Mercury @ 154mL,
ADA-2-E13-1,2,3.4,5 Combined  J-5438 Mercury 0.0407 ug Composite (J-5433-37)
ADA-2-E13-6 1-5439  Mercury 14.4 ® pe/L 789mL
ADA-2-EI3-7 1-5440  Mercury 1.542 ug/L 162mL
ADA-2-EI3-8 J-5441 Mercury 10.91 ng/L 495mL

1124 @ ng/L

ADA-2-EI3-9 1-5442  Meroury <0.186 /L 98mL

<0186 © ug/L
<0.186 © ng/L

ADA-2-EI3-10 J-5443  Mercury <0.146 g/l 98mL
ADA-2-El3-11 1-5444 Mercury <0.136 ® gl 109mL
ADA-2-EI3-12 J-5445 Mercury <0.136 @ pe/L 97mL
ADA-2-El4-1 1-5446 Mercury (@ Thimble, 3446.89mg
ADA-2-EI4-3 J-5447 Mercury @ Filter, 330.45mg
ADA-2-El4.4 J-5448 Mercury @ 96mL

This report shall not be reproduced, except in full, without the writien approval of the laboratory. Page 3 of 9
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Galbraith Laboratories, Inc.

Report Date: 08/15/01
Southern Research Institute Lab IL.D.: J-5405-5522
| SAMPLE ID LABID  ANALYSIS RESULTS NOTES |
ADA-2-EI4-5 1-5449 Mercury @ 132mL
ADA-2-El4-1,2,3,4,5 Combined  J-5450 Mercury 0.112 ug Composite (J-5446-49)
ADA-2-El4-6 J-5451 Mercury 11.7 ®  ng/L 846mL
ADA-2-EI4-7 1-5452 Mercury 1.010 ug/L 191mL
ADA-2-El4-8 J-5453 Mercury 8.39 ng/l 558ml.
ADA-2-EI4-9 J-3454 Mercury 0.188 ug/L 98mlL
ADA-2-EI4-10 1-5455 Mercury <0.146 ne/L 96ml.
<0146  © g/l
ADA-2-El4-11 J-5456 Mercury <0.136  ® e/l 98ml,
ADA-2-El4-12 J-5457 Mercury 0.167 ® e 85mL
ADA-2-EI4-13 J-5458 Mercury <0.014 g Thimble, 3303.43mg
ADA-2-CO4-1 J-5459 Mercury @ Filter, 407.26mg
ADA-2-CO4-2 1-5460 Mercury @ 98ml.
ADA-2-CO4-3 J-5461 Mercury @ 118mlL
ADA-2-C04-1,2,3 Combined J-5462 Mercury 0.176 Ug Composite (J-5459-61)
ADA-2-CO4-4 J-5463 Mercury 2.65 el $27mL
ADA-2-C04-5 J-5464 Mercury <0.186 ug/L 177mL

This report shall not be reproduced, except in full, without the written approval of the laboratory.
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Galbraith Laboratories, Inc.

Report Date; 08/15/01
Southern Research Institute Lab L.D. J-5405-53522
| SAMPLE ID LABID ANALYSIS RESULTS NOTES |
ADA-2-C04-6 3-5465 Mercury <0.146 pg/l  594mL
ADA-2-CO4-7 J-5466 Mercury 0.160 © hen 97mL
0.151 ©  pel
Matrix Spike Recovery 97,8 @ %o
112.5 @ oy
ADA-2-C0O4-8 J-5467 Mercury <1.36 ® gL 102mL
ADA-2-CI4-1 J-5468 Mercury @ Filter, 502.30mg
ADA-2-Cl4-2 J-5469 Mercury @ 110mL
ADA-2-CI4-3 J-5470 Mercury @ 122mL
ADA-2-CI4-1,2,3 Combined  J-5471 Mercury 0.201 He Composite {J-5468-70)
0.218 © ug
ADA-2-Cl4-4 J-5472 Mercury 14.4 ®9 her 752mL
15.1 ug/l
ADA-2-CI4-5 J-5473 Mercury 0.623 ng/l 182mL
0.701 ©  ugl
0.688 @ ugll
ADA-2-CI4-6 J-3474 Mercury 11.57 ng/L  569ml
ADA-2-CI4-8 J-5475 Mercury <0136 ugl 90mL
ADA-2-CI4-7 1-5476 Mercury 5.44 @ L 101mL
ADA-2-CI3-1 1-5477 Mercury @ Filter, 466.54mg
ADA-2-CI3-2 J-5478 Mercury @ 80mL
ADA-2-CI3-3 J-5479 Mercury @ 128mL

This report shall not be reproduced, except in full, without the written appreval of the laboratory,
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Mr. Joe McCain Report Date: 08/15/01
Southern Research Institute Lab ILD.: J-5405-5522
| SAMPLE ID LABID ANALYSIS RESULTS NOTES |

ADA-2-CI3-1,2,3 Combined  J-5480 Mercury 0.530 pe Composite (J-3477-79)

0.536 € He

Matrix Spike Recovery  116.9 @ %

1213 @ e
ADA-2-C13-4 J-5481 Mercury 10.0 ® yg/l 734mL
ADA-2-CI3-5 J-5482 Mercury 1.988 ug/L  167mL
ADA-2-CI3-6 J-5483 Mercury 7.03 pe/l. S79mL
ADA-2-CI2-1 J-5484 Mercury @) Filter, 447.57mg
ADA-2-CI2-2 1-5485 Mercury @ 122mL
ADA-2-CI2-3 J-5486 Mercury = 152mL
ADA-2-CI12-1,23 Combined  J-3487 Mercury 0.164 ug Conmposife (J-5484-86)
ADA-2-CI2-4 F-5488 Mercury 9.62 9 ugl 754ml

8.26 pe/l
ADA2-CI2-5 J-5489 Mercury 0.366 ug/l  197mL
ADA-2-CI2-6 J-5490 Mercury 12.61 pg/l.  S61mL
ADA-2-CI2-7 F-5491 Mercury <0136 ®  ugll  96mL
ADA-2-CO2-1 J-5492 Mercury @ Filter, 403.40mg
ADA-2-C02-2 J-5493 Mercury @ 80mL
ADA-2-C02-3 J-5494 Mercury e 64mL
ADA-2-C0O2-1,2,3 Combined  J-5495 Mercury 0.257 ug Composite (J-5492-94)
ADA-2-C02-4 J-5496 Mercury 2.66 ® ug/ 842mlL

This report shall not be reproduced, excepl in {ull, witheut the wnitten approval of the laboratory.
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Report Date: 08/15/01
Southem Research Institute LabI.D: J-5405-5522
| SAMPLE ID LABID ANALYSIS RESULTS NOTES |
ADA-2-C02-5 1-3497 Mercury <0.186 ped.  185mL
ADA-2-C02-6 J-5498 Mercury 0.390 ug/L  578mL
ADA-2-C03-1 J-5499 Mercury @ Fiiter, 407.8%mg
ADA-2-C03-2 J-5500 Mercury @ 88ml
ADA-2-C03-3 J-5501 Mercury @ 108mL
ADA-2-C0O3-1,23 Combined  J-5502 Mercury 0.450 ug Composite (J-5499-5501)
0.451 © g
Matrix Spike Recovery ~ 107.7 @0
122.2 o
ADA-2-CO34 J-5503 Mercury 2.59 ® gl 790mL
ADA-2-CO3-5 15504 Mercury <(.186 pg/L 178mL
<0.186 “ g/l
ADA-2-CO3-6 J-5505 Mercury 0.223 ugl.  53ImlL
ADA-2-C03.7 J-3506 Mercury <0.152 pg/l. 95mL
Matrix Spike Recovery  83.4 %o
87.1 %
ADA-2.1-1 I-5507 Mercury 0.170 ug/L  10ImL
ADA-2-1-2 J-5508 Mercury 0.662 pe/l. 248mlL
ADA-2.1-3 J-5509 Mercury 9.43 pg/L 243ml
ADA-2-14 J-5510 Mercury 3.27 pg/L  195mL
ADA-2-LS J-5511 Mercury <0.146 peg/l  100mL
ADA-2-L-6 J-5512 Mercury 9.095 pel.  100mL

This report shall not be reproduced, except in {ull

. without the written approval of the laboratory.
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Mr. Joe McCain Report Date: 08/15/01
Southern Research Institute LabID.: J-5405-5522

| SAMPLE ID LABID ANALYSIS RESULTS NOTES
ADA-2-L-7 J-5513 Mercury 46.5 ug/L 100mL
ADA-2-1-8 J-5514 Mercury 4.669 pg/L 104ml
ADA-2-L-9 15515 Mercury <0.186 pg/L 100mL

Matrix Spike Recovery 84.0 @ %
1108 © %

ADA-2-1-10 J-3516 Mercury 26.5 ® gl 206mL
ADA-2-1-11 J-5517 Mercury 3.66 O gl 299ml,
ADA-2-L-12 J-5518 Mercury 0405 ® ug/l 306mL
ADA-2-1-13 J-5519  Mercury <0136 ® gt 102mL

Matrix Spike Recovery 114.5 @ Y%
152 9 %

ADA-21-14 J-5520 Mercury 0.393 ng Filter, 402.21mg
0372 9 ug
ADA-2-1-15 J-5521 Mercury 0.192 ug Filter, 403.24mg
ADA-2-1-16 J-5522 Mercury 0.107 ug Filter, 405.44mg
This report shall not be reproduced, except in full, without the written approval of the laboratory. Page 8 of 9
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LABORATORY REPORT

Mr. Joe McCain Report Date: 08/15/01
Southern Research Institute Lab IL.D.: J-5405-5522

TECHNICAL INFORMATION:

™ This sample is part of a composite. There is no individual result for this sample.

® The quality control standard prepared with this sample exhibited a recovery of 112.5%.
(C)Duplicate analysis was performed on this sample as specified by the method.

@ A matrix spike was prepared on this sample as specified by the methad.

© An additional replicate was analyzed on this sample,

Authorlzed Release of Data

XY, G

Phllhp A¢Clark, Technical Manager
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Mr. Joe McCain Report Date: 09/17/01
Southern Research Institute
PO Box 55305 Purchase Order #: BHE7480
Birmingham, AL 35253 . FAX #: 205-581-2448

| SAMPLE I» LAB ID ANALYSIS RESULTS DUPLICATE RESULTS |
ADA-2-1-17 J-6080 Mercury <0.0154  ppffilter
ADA-2-1-18 J-6081 Mercury 0.0454 pg/filter 0.0389 ug/filter

Matrix Spike Recovery  87.6 %

Authon ed Release of Data
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Phillip A’ Clark, Technical Manager
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U.S. Mail: P.O. Box 51610 + Knoxville, TN 37950-1610
Other Carriers: 2323 Sycamore Drive # Knoxville, TN 37921-1750
Tel: 865/546-1335 + Fax: 865/546-7209 + Internet: www.galbraith.com ¢ e-mail; labinfo@galbraith.com



B3c- QA/QC Results



Table C1 provides a summary of Galbraith Laboratories’ internal QA/QC checks related to the
sample analyses. Table C2 provides a summary of Galbraith Laboratories’ internal QA/QC
checks related to the sample analyses. Table C3 provides a summary of the results for a set of
‘blind’ spiked samples that were submitted to Galbraith Laboratories for analysis with the actual
field samples. The latter include results for two filter samples loaded as indicated with NIST
certified flyash provided by the US EPA.

Pre-test and post-test leak checks of the sampling trains were all satisfactory with the exception of
the hotside ESP inlet run on 4/26. In the latter case, the post-test leak check showed a leakage rate
0f 0.09 cfm at the highest vacuum obtained during the test. loskinetic ratios for all sampling runs
were within the allowable ranges of 90 to 110 percent. Recovery of laboratory matrix spikes
performed by Galbraith were acceptable in all cases, falling in the range of 84 to 122 percent with
excellent reproduciblity in duplicate analyses. Similarly, the results of duplicate analyses of actual
samples were good, with deviations of less than 5 percent in most cases and maximum deviations
of less than 10 percent.

Recoveries of blind spikes submitted by Southern Research Institute with the samples were
mixed. Recoveries of spiked HNO1/H,0; solutions fell in the range of 85 to 122 percent as did
the results for the two higher level spikes in KCI solutions. However, the recovery for the low
level spike m the KC1 solation was only 31 percent and the recoveries for all of the spiked
KMnO; solutions were all low, ranging from 22 to 64 percent. The cause of the latter results are
not known; however, given the good recoveries of spikes performed at Galbraith, they may
indicate a problem with the preparation of the spikes rather than in the analyses. Unfortunately,
by the time the results were obtained the holding times for the samples had long been exceeded
and re-analysis of suspect samples were not believed to be worthwhile.
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ATTACHMENT B4

Calibration Data
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B3:17  FROM ARCADIS GERAGHTY & MILLER

6

12055612448

S-TYPE PITOT TUBE INSPECTION DATA SHEET

)
E o | Y, 3 w1/
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mm ey
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Comments:

Date
.._9& Level?
N Obstructions?
P Damaged?
Lt Edr -A0% < g, < 107
[74
Aed- “10° < gy < 10°
7
Yo S B«
[}
2’54, 5By <5
o Z
% W
0.97 A

1,050,<Py < 1.5D,

TO50, < Ppr<1.6D;

0.375 | 3ne s
éj &; AtanZ <0125
oY Atan W < 0.13125
CI;W Po=Pad 0.063"
(¢

Pitot tuba numberﬂ mests or exceads all specifications eritedia and/or applicable design features and ks

heraby assigned a calibration factor of 0.84.

Sinature C}Wﬂ )WA‘.

ARCADIS

GERAGHTY L MILLER




MAY-18-2081 ©S:17 FROM ARCADIS GERAGHTY & MILLER 7O 12955312448

NOZZLE CALIBRATION
Date 11/9/00 Calibrated By JIN
Nozzle Box i A . NozzleType  Quartz
Nozzle Average
Identification] DI, inches | D2, inches | D3, inches | D, inches (Use this
Number diameter)
QA-1 0.129 0.129 0.130 .01 0.129
QA-2 0.190 0.188 0.188 0.002 0.189
QA-3 0.252 0.251 0.251 0.001 0.251
QA4 0.314 0.314 0.315 0.001 0.314
QA-S 0.378 0.377 0377 0.001 0.377
QA-6 0.441 0.442 0.442 0.001 0442
QA-7 0.505 0.505 0.504 0.001 0.505

D1, D2, D3 = Nozzle diameter measured different diameter. Tolerance =0.001 in.
D =Maximum difference in any two measurements. Tolerence = 0.004 in.

Average = Average of D1, D2, and D3.

ARCADIS

GERAGHTY & MILLER



PITOT CALIBRATION DATA SHEET

Probe ID: & CA'DA—IM."J)%\/: ('D M . Date: ij”/é‘?
Run aPes, APy, ' Dewviation,
No. in H,0 in H,0 Corresn 1C, - Col
1 o. 4L o072 0,803 O. 004
2 O, Y6 0. 7¢ 0197 0.0
3 .4 0 .7Y 0 1Z7 0. 0072
Average D799 O.00 3
o AP ag | AP,
Py " e\ Jp T AP
3 e,
> | Cog - Co |
Average Deviation = ! 5 ( Must be < 0.01 for valid test)

Sauthern Research Ilnsttute




SCIENTIFIC GLASS & INSTRUMENTS, INC.
P.O. BOX 6

HOUSTON, TEXAS 77001

PHONE (713) 632-1481

EAX (713) 682-3054

Calibration pitot tube: Type S Size (OD) 0.375 |D. number: 22301
Type S pitot ube ID number NA Cp(std)= 0.99
- Calibration Date; 02/23/01 Performed by: RFM

A-Side Caiibration

A p(std) p(s)

(cm) H20 Cp(S) DEV.

{in.) H20
0.210 0.220 0.967] 0.095
0.380 0.520 0.857! -0.015
0.540 0.770 0.829]| -0.044
0.600 0.840 0.3377 -0.036
+ Cp(Aside) = 0873 0.000

B-Side Calibration

A p(std) p(s)’
{em} H20 Cp(S) DEV.
(in.) H2O
0.260 0.270 0.971] 0.096
0.390 0.510 - 0.866| -0.009
0.530 0.760 ‘ 0.827! -0.048
0.600 0.840 ' 0.837] -0.038
Cp(B side) = - 0.875 0.000
Cp(8) = Cp(std) * , A pstd)
A p(s)
Cp(A side)-Cp(Bside) = -0.003 Must be: < 0.010

Calibrations were done in accordance with

ederal Register Vol 40 Part 60 Amended July 1, 1989 o o

ADA TRSTS — OuT2&kT PriBie
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(f

Meter Box Nutech 1
on 11-6-00

Run Number 1 2 3

Barometric Pres, in Hg 29.88 29.88 29.88

Orifice pres drop, in H20 0.61 1.10 1.80

Critical Orifice Id # EG-48 EG-55 EG-63

K Factor 0.3456 0.4596 0.5946

Actual Vacuum, in Hg 20.0 19.0 17.0

Gas Volume Dry Init, CF 171.923 177.003 182.009

Gas Volume Dry Final, CF 177.003 182.009 187.019

Ambient Temp Initial, F 67 74 73
‘=, Ambient Temp Final, F 68 68 69
1" Dry Gas Temp InitIn, F 65 65 66

Dry Gas Temp Final In, F 66 66 67

Dry Gas Temp Init Out, F 64 79 78

Dry Gas Temp Final Out, F 65 65 65

Run Time, sec 675 506 383

Meter Calibration Factor, Y 0.9903 1.0044 1.0070

Average Y 1.0006 '
Less than +/- 0.02 from average YES YES YES
Delta H@ _ 1.71 1.73 1.78
Average H@ 1.74
Less than +/- 0.20 from average YES YES YES

C ssgnatum/L/’ xﬁz He )

GUARDIAN SYSTEVIS InC




4 GUARDIANSYSTEMS INC A

INITIAL CALIBRATION

Meter Box Nutech 2

Wi

on 11-6-00
Run Number 1 2 3
Barometric Pres, in Hg 29.88 29.88 29.88
Orifice pres drop, in H20 0.63 1.20 2.00
Critical Orifice Id # | EG-48 EG-55 EG-63
K Factor 0.3456 0.4596 0.5846
Actual Vacuum, in Hg 24.0 230 21.0
Gas Volume Dry Init, CF 207.550 212.556 217.569
Gas Volume Dry Final, CF 212.556 217.569 222.573
Ambient Temp Initial, F 69 70 70
... Ambient Temp Final, F 70 70 70
~ Dry Gas Temp Init In, F 68 69 70
Dry Gas Temp Final In, F 69 70 70
Dry Gas Temp Init Out, F 67 67 67
Dry Gas Temp Final Cut, F 67 67 68
Run Time, sec 667 505 393
Meter Calibration Factor, Y 0.9963 1.0008 1.0084
Average Y 1.0018
Less than +/- 0.02 from average YES YES YES
Delta H@ 1.76 1.90 1.89
Average H@ 1.85 :
Less than +/~ 0.20 from average YES YES YES

B Signaturﬁ_: 41 A
. _J

GUARDIAN SYSTEIVIS INC




4 N

. INITIAL CALIBRATION
Meter Box Nutech 3
on 11-6-00
Run Number 1 2 3
Barometric Pres, in Hg 29.88 29.88 29.88
Orifice pres drop, in H20 0.61 1.10 1.85
Critical Orifice Id # EG-48 EG-55 EG-63
K Factor 0.3456 0.4596 0.5546
Actual Vacuum, in Hg 21.5 20.0 18.5
Gas Volume Dry Init, CF 937.900 843.003 948.014
Gas Volume Dry Finai, CF 943.003 848.014 853.020
Ambient Temp Initial, F 59 58 59
Ambient Temp Final, F 59 59 59
Dry Gas Temp Init[n, F 58 57 57
Dry Gas Temp Final In, F 57 57 57
Dry Gas Temp Init Out, F 57 56 56
Dry Gas Temp Final Qut, F 56 56 55
Run Time, sec 685 508 388
Meter Calibration Factor, Y 0.9932 0.9954 0.9822
Average Y 0.9903
Less than +/- 0.02 from average YES YES YES
Delta H@ 1.70 1.74 1.75
Average H@ 1.73

Less than +/- 0.20 from average YES YES YES

- Signatutﬂrj)jﬂc%“
_ . )

GUARDIANMN SYSTEMS!INC




4 GUARDIANSYSTEMS INC ﬁ\

E INITIAL CALIBRATION
Meter Box Nutech 4
on 11-3-00
Run Number 1 2 3
Barometric Pres, in Hg 30.18 30.18 30.16
Orifice pres drop, in H20 0.68 1.20 2.00
Critical Orifice |d # EG-48 EG-55 EG-63
K Factor 0.3456 0.4596 0.5946
Actual Vacuum, in Hg 22.0 21.0 19.0
Gas Volume Dry init, CF 701.474 706.476 711.478
Gas Volume Dry Final, CF 706.476 711.478 716.523
Ambient Temp Initial, F 75 73 72
b Ambient Temp Final, F 73 72 71
Dry Gas Temp Initin, F 75 74 74
Dry Gas Temp Final In, F 74 74 75
Dry Gas Temp Init Out, F 74 73 72
Dry Gas Temp Final Out, F 73 72 73
Run Time, sec 855 495 388
Meter Calibration Factor, Y 0.9864 0.9901 (0.9899
Average Y 0.9888
Less than +/- 0.02 from average YES YES YES
Deita H@ 1.88 1.87 1.88
Average H@ 1.87
Less than +/- 0.20 from average YES YES YES

s e, ALt
- J

GUARDIAN SYSTEMSINC
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Run Number

Barometric Pres, in Hg
Orifice pres drop, in H20
Critical Orifice id #

K Factor

Actual Vacuum, in Hg

Gas Volume Dry Init, CF
Gas Volume Dry Final, CF

Ambient Temp Initial, F
4=~ Ambient Temp Final, F

T Dry Gas Temp Init In, F
Dry Gas Temp Final In, F

Dry Gas Temp [nit Out, F
Dry Gas Temp Final Qut, F

Run Time, sec

Meter Calibration Factor, Y
Average Y
Less than +/- 0.02 from average

Delta H@
Average H@
Less than +/- 0.20 from average

¢

on 11-3-00
1 2
30.16 30.16
0.67 1.20
EG-48 EG-55
0.3456 0.4596
22.0 20.0
841.478 846.478
846.478 851.478
64 64
64 64
69 68
68 68
68 68
67 67
631 516
1.0241 1.0302
1.0249
YES YES
1.83 1.86
1.85
YES YES

ey

GUARDIAN SYSTEMS INC
INITIAL CALIBRATION

Meter Box Nutech 5

3

30.16

2.60

EG-63

0.5946

19.0

851.478
856.642

64
64

68
68

67
67

409

1.0204

YES

1.85

YES

J

GUARDIAN SYSTEMS INC
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/

Run Number
Barometric Pres, in Hg
Orifice pres drop, in H20
Critical Orifice Id #

K Factor

Actual Vacuum, in Hg

Gas Volume Dry Init, CF
Gas Volume Dry Final, CF

Ambient Temp Initial, F
Ambient Temp Final, F

Dry Gas Temp InitIn, F
Dry Gas Temp Final in, F

Dry Gas Temp Init Qut, F
Dry Gas Temp Final Out, F

Run Time, sec

Meter Calibration Factor, Y
“Average Y
Less than +/- 0.02 from average

Delta H@
Average H@
Less than +/- 0.20 from average

Signature

N

on 3-28-01
1 2
30.28 30.28
0.63 1.1
EG-48 EG-55
0.3456 0.4596
23.0 21.0
244,521 249.523
249.523 254524
68 68
68 72
67 69
69 70
68 68
67 71
658 499
0.9850 0.9939
0.9938
YES YES
1.73 1.71
1.73
YES YES

<

/

L,

30.28

EG-63
0.5546
19.0

254.524
258.561

72
75

70
72

69
70

390

0.6937

YES

1.87

YES

GUARDIAN SYSTEMS INC
INITIAL CALIBRATION
FOR SOUTHERN RESEARCH INSTITUTE

Meter Box Nutech 3, Temperature device Nutech 3

30.28

3.2

EG-73

0.8170

16.0

258.561
264.574

71
70

72
73

70
71

281

0.9808

YES

1.57

YES

30.28

586

EG-81

1.0110

13.0

264574
269.584

70
69

73
74

71
72

231

1.0085

YES

1.79

YES

.

GUARDIAN SYSTEMS INc



/ GUARDIAN SYSTEMS INC N
Temperature Calibration for Nutech 3
on 3-28-01 on Box Nutech #3

Actual Reading Correction
Temperature, F Temperature, F in Reading, F
20 50 0
100 99 1
150 151 -1
200 200 0
250 250 0
300 300 0
350 348 2
400 400 0
450 450 0
500 500 0
550 . 550 Q
600 600 0
650 651 -1
700 700 0
750 751 ~1
800 800 0
850 851 -1
900 900 0
950 850 0
1000 1000 0
Regression Qutput:
Constant 0.2918886 Read Actual
Std Err of Y Est 0.6767644 40 40 |
R Squared 0.999995 -
No. of Observations 20
Degrees of Freedom 18
X Coefficient(s) 0.9993488
Std Err of Coef. 0.0005245

SIGNATURE

N J

GCUARDIAN SYSTEMS Inc




™~
i(/ GUARDIANSYSTEMS INC
INITIAL CALIBRATION

Meter Box Nutech 5, Temperature device Nutech 5
on 3-28-01
Run Number ' 1 2 3 4 5
Barometric Pres, in Hg 30.27 30.27 30.27 30.27 30.27
Orifice pres drop, in H20 0.68 1.2 2.1 4.0 6.4
Critical Orifice Id # EG-48 EG-55 EG-63 EG-73 EG-81
K Factor 0.3456 0.4596 0.5946 0.8170 1.0110
Actual Vacuum, in Hg 24.0 23.0 20.5 18.0 16.5
Gas Volume Dry Init, CF 657.375 662.377 667.382 672.384 677.390
Gas Volume Dry Final, CF 662.377 667.382 672.384 677.390 £82.401
Ambient Temp Initial, F 65 €3 64 85 66
Ambient Temp Final, F 63 63 68 66 67
Dry Gas Temp InitIn, F 73 71 70 71 72
Dry Gas Temp Final In, F 72 70 71 72 73
Dry Gas Temp Init Out, F 73 72 71 72 72
Dry Gas Temp Final Qut, F 72 71 72 72 72
Run Time, sec 650 492 382 278 228
Meter Calibration Factor, Y 0.8854 0.9883 0.5892 0.9848 0.9827
"Average Y 0.9881
Less than +/- 0.02 from average YES YES YES YES YES
Delta H@ 1.84 1.83 1.92 1.94 2.03
Average H@ 1.91
Less than +/- 0.20 from average YES YES YES YES YES

Signature /K/ W |
N J

GUARDIAN SYSTEMS NG
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f GUARDIAN SYSTEMS INC

Temperature Calibration for Nutech 5
on 3-28-01 on Box Nutech #5

Actual Reading Correction
Temperature, F Temperature, F in Reading, F
50 45 4
100 as 5
150 147 3
200 196 4
250 247 3
300 297 3
350 345 5
400 395 5
450 446 4
500 495 5
550 548 2
600 596 4
650 646 4
700 656 4
750 745 5
8C0 795 5
850 848 2
900 895 5
850 845 5
1000 986 4
Regression Output:
Constant ' 3.8285662 Read Actual
Std Err of Y Est 1.0178924 60 | 64
R Squared 0.9995888
No. of Observations 20
Degrees of Freedom 18
X Coefficient(s) 1.0004251
Std Err of Coef. 0.0007898
| /

/
SIGNATURE 2 /
/

__ f J

GUARDIAN SYSTEMS Inc




ATTACHMENT C

Description of Semi Continuous Emissions Monitor

for Mercury
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Mercury S-CEM

A semi-continuous mercury analyzer will be used during this program to provide near real-time
feedback during baseline, parametric and long-term testing. Continuous measurement of
mercury at the inlet and outlet of the particulate collector is considered a critical component of a
field mercury control program where mercury levels fluctuate with boiler operation (temperature,
load, etc.) and decisions must be made concerning parameters such as sorbent feed rate and
cooling. The analyzers that will be used for this program consist of a commercially available
cold vapor atomic absorption spectrometer (CVAAS) coupled with a gold amalgamation system
(Au-CVAAS). Radian developed this type of system for EPRI (Carey, et al., 1998). A sketch of
the system is shown in the figure below. One analyzer will be placed at the inlet of the
particulate collector and one at the outlet of the particulate collector during this test program.

Timed
Purge Air —| Carbon Trap
Flue Gas oo
> — Chlilled CVAA
' Impingers !
l Gold Trap
Waste

Mass Flow

/ //_/_/\/ Controller

Micro controller
with Display

—>
Waste

Figure C-1
Sketch of Mercury Measurement System

Although it is very difficult to transport non-elemental mercury in sampling lines, elemental
mercury can be transported without significant problems. Since the Au-CVAAS measures
mercury by using the distinct lines of UV absorption characteristic of elemental Hg (Hg’), the
non-elemental fraction is either converted to elemental mercury (for total mercury measurement)
or removed (for measurement of the elemental fraction) near the sample extraction point. This
minimizes any losses due to the sampling system.

For total vapor-phase mercury measurements, all non-elemental vapor-phase mercury in the flue
gas must be converted to elemental mercury. A reduction solution of stannous chloride in
hydrochloric acid is used to convert Hg*" to Hg". The solution is mixed as prescribed in the draft
Ontario Hydro Method for manual mercury measurements.
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To measure speciated mercury, an impinger of potassium chloride (KCl) solution mixed as
prescribed by the draft Ontario Hydro Method is placed upstream of the stannous chloride
solution to capture oxidized mercury. Unique to this instrument is the ability to continuously
refresh the impinger solutions to assure continuous exposure of the gas to active chemicals.

The Au-CVAAS system is calibrated using elemental mercury vapor. The instrument is
calibrated by injecting a metered volume of mercury-laden air into the analyzer. The mercury-
laden air is from the air-space of a vial containing liquid mercury at a precisely measured
temperature. The concentration of the mercury in the air is determined by the vapor pressure of
the mercury at that temperature.

The Au-CVAAS can measure mercury over a wide range of concentrations. Since the detection
limit of the analyzer is a function of the quantity of mercury on the gold wire and not
concentration in the gas, the sampling time can be adjusted for different situations. Laboratory
tests with stable permeation tube mercury sources and standard mercury solutions indicate that
the noise level for this analyzer is 0.2 ng mercury. It is reasonable to sample at 50 — 100 times
the noise level, therefore, during field testing the sampling time is set so at least 10 ng mercury is
collected on the wire before desorption. The following table shows the sampling time required
for different concentrations of mercury in the flue gas with 2 liters per minute sample flow.

Sampling Time Required for Au-CVAA Analyzer

VAPOR-PHASE MERCURY | MINIMUM NOISE LEVEL
CONCENTRATION SAMPLE TIME (uG/M?)
(LG/M?) (MIN)
5 1 0.1
2.5 2 0.05
1 5 0.02
0.5 10 0.01

An oxygen analyzer will be placed downstream of the Au-CVAAS to monitor and store the
oxygen levels in the gas stream. This is particularly useful when measuring changes in mercury
across a pollution control device on a full-scale unit where air inleakage into the unit may dilute
the gas sample and bias results. It is also useful to assure that no leaks develop in the sampling
system over time.

Particulate is separated from the gas sample using a self-cleaning filter arrangement modified for
use with this mercury analyzer under an EPRI mercury control program. This arrangement uses
an annular filter arrangement where excess sample flow continuously scours particulate from the
filter so as to minimize any mercury removal or conversion due to the presence of particulate.
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The mercury analyzer described has been used extensively for lab testing and field testing at
three full-scale coal-fired power plants burning Powder River Basin (PRB), eastern bituminous,
and lignite coals under EPRI programs. Although draft Ontario Hydro mercury measurements
were not conducted while the analyzer was on-site, levels measured by the analyzer were well
within the range expected based on previous measurements with either the draft Ontario Hydro
Method or a solid carbon trap.

In order to assure the quality of the data to be obtained during the field operations, Standard
Operating Procedures have been developed and will be followed for these tests.
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APPENDIX B

Sorbent Tests and Schedules

FIXED BED SORBENT TESTS AND PRELIMINARY RESULTS
Memo Dated January 24, 2001

ALTERNATE SORBENT DISCUSSION
Memo Dated February 5, 2001

TEST SCHEDULE
Memo Dated February 22, 2001
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ada.es
ADA Environmental Solutions, LLC

8100 SouthPark Way
Littleton, Colorado 80120
Fax: 303.734.0330

??8365;?842.;.782671 7 memorandum

To: Larry Monroe, David Prater, Ramsay Chang, Rich Miller, Ken Cushing, Scott Renninger,
Carl Richardson, Sharon Sjostrom

From: Jean Bustard

CC: Cam Martin, Mike Durham, Richard Schlager, Charles Lindsey
Date:  January 24, 2001

RE: Trip Update 01/24/01

Note: Information in this memo is proprietary and should not be disclosed to non-Gaston
Team Members. Data are preliminary!!

This memo provides an update on laboratory and field testing conducted since December 26 2000
through mid-day January 24 2001.

Fixed Bed Laboratory Tests

Fixed bed mercury capacity tests were conducted by URS Radian on activated carbons supplied by
Norit, ash from Gaston and sorbents from TDA. Table 1 presents a summary of the sorbents. A
sample of a lime based sorbent from EPA was sent to URS Radian this week.

All sorbents were tested using similar, simulated gas conditions. Gas conditions were chosen
based on coal and operating conditions at Gaston. Test conditions were:

SO, (ppm) 600
NOy (ppm) 200
HCI (%) 5
H,0 (%) 7
CO; (%) 12
O, (%) 5
Hg* (ug/Nm®) 50

Temperature (°F) 275

Preliminary results are presented in Table 2. Gaston sieved ash showed effective capacity for both
elemental and oxidized mercury. Gaston COHPAC and ESP ash showed effective capacity for
oxidized mercury. Norit GAC sorbents (bituminous and subbituminous based) showed very high
capacities for both elemental and oxidized mercury. Not included in this table are the preliminary
results from the TDA sorbents. Capacities for the TDA samples ranged from near 50 to 100 ug/g.
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Table 1
Sorbents for Laboratory Fixed Bed Testing
NAME SUPPLIER DESCRIPTION POTENTIAL
BENEFIT
FGD Carbon Norit Americas | Lignite derived activated carbon | Benchmark Sorbent,
Inc. high capacity
FGL Carbon Norit Americas | Lower activity, lignite derived Lower cost
Inc. activated carbon
GAC 1240 Norit Americas | Bituminous coal derived Lower cost
Inc. activated carbon
GAC 830 Norit Americas | Subbituminous coal derived Lower cost
Inc. activated carbon
ESP fly ash Gaston Sample from Unit 3 hot-side Reuse of site ash,
hoppers lower cost
ESP +200 Gaston Sieved for + 200 mesh Reuse of site ash,
lower cost
COHPAC Gaston COHPAC ash Data in support of
pre baseline tests
TDA Sorbents (3 | TDA Research | Non-carbon based sorbents Lower cost, non-
sorbents) Inc. carbon based
Lime/Carbon EPA Sample sent week of January 22 | Lower cost, non-
carbon based

Table 3

Gaston Fixed-Bed Screening Tests

Mercuric Chloride Elemental Mercury
Sample Equilib. Capacity Equilib. Capacity
Name @ 50 pg/Nm3 @ 50 ug/Nm3
(Mg Ha/g) (Mg Ha/g)

Gaston ESP Fly ash 65 9.6
Gaston ESP +200 139 38.6
Gaston COHPAC ash 41 2.2
GAC-830 (M-1147) 2441 2976
GAC-1240 2441 3011
FGL M-1182 1931 2278
FGD M-1161 2179 1870
Darco FGD 2852 1826**

Pre Baseline Mercury Measurements

Pre baseline mercury measurement tests began on Thursday January 18. Apogee Scientific is
supplying two S-CEMSs and operating support for these tests. Scheduled test conditions were:

1. Set both instruments at inlet to COHPAC to confirm operation, calibration and compare
measurements.
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2. Measure mercury across COHPAC baghouse.
3. Measure mercury across hot-side ESP.

Total, elemental and oxidized mercury will be measured at each location. The extraction probe is
set at one point in the duct that is representative of average duct velocity. Test point velocities are
confirmed with a pitot measurement prior to placing the probe. A summary of the tests to date and
preliminary results are presented in Table 3. Most testing was conducted at full load. No significant
change in mercury was seen when load decreased to 190 MW from 265 MW. COHPAC inlet
temperature was about 265°F, outlet temperature about 250°F.

Table 3: Preliminary Mercury Measurements Gaston Unit 3

Condition/S-CEM Locations Results
Inlet to COHPAC (both instruments) | Total mercury varied between 5 and 10 ug/Nm®
Across COHPAC Inlet: Total varied between 7.7 and 9.9 ug/Nm?®

Inlet: Elemental varied between 5.0 and 6.9 pg/Nm?®
Inlet: Oxidized varied between 30 and 40 %

Outlet: Total varied between 7.7 and 9.9 pg/Nm?®
Outlet: Elemental varied between 2.1 and 4.0 ug/Nm?®
Outlet: Oxidized varied between 55 and 72 %

Total removal: 0%

Elemental oxidized across COHPAC: ~30%

Across Hot-side ESP Tests to begin 1/24/01

Results show that mercury varies with coal source. There is no native removal across COHPAC.
Mercury is oxidized across COHPAC.

Field Fixed Bed Sorbent Screening Tests

Fixed bed sorbent tests for mercury capacity are scheduled to begin 1/25/01. Sorbents to be tested
at this time include:

Norit FGD

Norit FGL

Norit GAC 830
Norit GAC 1240
TDA 421B

aobrwn=

Test Notes:

These baseline tests are being conducted while an outage to overhaul Unit 4 is being conducted.
Because of time and resource constraints several activities will not be performed during these tests,
which include:

Ash Samples: Valves and piping needed to remove ash samples are not yet installed.

o Acid Dew Point Measurements: A used Land Dew Point analyzer was purchased. This
instrument is need of minor repairs that have not yet been completed.

e ESP Operation: The ESP has had good performance since the cleaning in December. Inlet
grain loading is varying between 0.014 and 0.008 gr/dscf. No data is being collected on the
ESP.
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ada.es
ADA Environmental Solutions, LLC

8100 SouthPark Way

Littleton, Colorado

80120 memorandum
Fax: 303.734.0330

303.734.1727 or 1.888.822.8617

To: Charles Lindsey, David Prater, Cam Martin, Travis Starns, Ken Baldrey
From: Jean Bustard

CC: Mike Durham, Richard Schalger, Ramsay Chang, Larry Monroe, Sharon Sjostrom, Carl
Richardson, Scott Renniger, Jim Kilgroe

Date:  February 5, 2001
RE: Alternate sorbents for parametric tests, ash pond tests

Alternative Sorbents

Preliminary results on equilibrium capacity of sorbents from fixed bed testing on Gaston flue gas
are (a separate memo will document results in more detail):

1. Capacity of FGD carbon was higher than laboratory test results;
. Capacity of GAC carbons were higher than laboratory test results;
3. Capacity of sieved, ground ESP fly ash was in a range showing reasonable ability to absorb
mercury;
4. Capacity of TDA sorbent was lower than laboratory results.

Because of the very short time available to procure sorbents for the parametric tests that are
scheduled to begin March 12, these preliminary results were discussed with Larry Monroe and
Mike Durham on Friday Feb 2. The plan agreed to in this conversation was that:

Itis of interest to evaluate FGD carbon, GAC carbon and ground ESP hopper ash.

o FGD will be the first sorbent tested in the parametric test and will also be the sorbent used in
the long term tests.

e GAC carbon is of interest because of the potential high capacity shown in fixed bed tests.
This carbon is more expensive than FGD ($0.62/Ib), but there is a chance that we could use
less (should have less impact on ash loading and cleaning frequency).

o ESP hopper ash is of interest because is would be significantly less expensive than
activated carbons. This test will also provide information on the performance of “lower
capacity” sorbents and baghouses.

To actually test the ESP hopper ash we will need to coordinate several activities that were not
originally discussed.

1. Larry had a contact that previously ground coal for him. The name of this company is
Progressive Industries located in Sylacauga, not far from Gaston. | spoke to Don Jones,
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President, (256 249 4965) Friday afternoon and he said he could grind 4000 Ibs of fly ash to
90% less than 45 microns. His requirement is that he needs the ash in supersacks to feed
into his pilot plant. He then grinds it and puts it back into supersacks, which is what we
need for the injection equipment.

2. The next major question is how to get 600°F+ ash from the ESP hoppers into supersacks.
Charles Lindsey is investigating. He will contact both David Prater and Don Jones to
formulate options.

3. Once we know our options, we will decide on if and how to proceed.

Ash Pond Tests

To assure that injected sorbents will not impact ash pond chemistry or leaching characteristics,
a test is scheduled during check out of the injection equipment where hopper ash from 3B will
be isolated and samples tested for leaching characteristics. To conduct this test, arrangements
need to be made for a vacuum truck and for TCLP tests on the samples. The following items
were discussed:

e We are anticipating that carbon will be injected for 8 hours at 1.5 Ibs/min. This will occur on
Wednesday, Thursday or Friday Feb 28 — Mar 2. The actual date of testing will be
determined the week of Feb 19 while equipment is being installed.

e Hoppers on the B-side of unit 3 will be isolated from the hydroveyor system.

e Ash/carbon samples will be removed via the valve/piping system being installed on each of
the hoppers.

At the end of the test, ash/carbon will be removed from the hoppers via a vacuum truck.

o Samples will be sent to APC Environmental Affairs for testing and to an outside contractor.
(In the kickoff meeting APC EA indicated that they could run a test with fairly quick turn
around, a day or two).

e Larry asked that we talk to David about whether he will make arrangements for the vacuum
truck with his existing contractor, or if we should do that.

o ltis assumed that the ash/carbon from this test will be disposed of in “dry storage”. David, is
this assumption correct?

Timing of this test was discussed because of the possible implications on the baseline Ontario
Hydro tests. The baseline tests are scheduled for March 5 8, less than a week after the ash
pond tests. Since we do not know how long the effect of carbon will last in terms of either
absorption or speciation of the mercury, we would like to keep the option of conducting the OH
tests on the A-side open. This will allow baseline testing on bags that have never been exposed
to activated carbon. We should be able to track mercury levels and speciation with Apogee’s S-
CEMs. Action items related to this are:

e Does SRI have to make any special arrangements to test on A-side?

e Decision on which side to test will be made based on data from S-CEMs. We may not know
this until March 5.

o ADA-ES to inform team of date when equipment will be ready for ash pond tests as soon as
possible after equipment installation efforts are confirmed.

e Will arrangements for the vacuum truck be made internally by David, or should ADA-ES
make arrangements?

o Hopper valves/piping need to be installed by Feb 28.

¢ Who should the samples be sent to at APC EA?
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¢ What if tests show that we should isolate all of the ash/carbon from the tests? We are
assuming that this will not be the case.

Please let me know if you have questions or comments. Some of you will hear from Charles or
me soon to follow up on these questions.

Thanks for everyone’s help.
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ada.es
ADA Environmental Solutions, LLC

8100 SouthPark Way

Littleton, Colorado

80120 memorandum
Fax: 303.734.0330

303.734.1727 or 1.888.822.8617

To: David Prater, Byron Corina, Eddie Clayton, Larry Monroe, Ken Cushing, Sharon Sjostrom
From: Jean Bustard

CC: Rich Miller, Connie Senior, Charles Lindsey, Cam Martin, Ken Baldrey, Mike Durham,
Richard Schlager, Ramsay Chang, Scott Renninger

Date:  February 22, 2001
RE: Testing Schedule for Weeks of Feb 28, March 5 and March 12

This memo provides a status update for the DOE mercury test program being conducted on
Gaston Unit 3. The original schedule is presented in Figure 1.

At this time we are still on schedule. The injection equipment is being installed this week and
should be ready for initial checkout by the end of the week. We will not inject carbon into the
baghouse until the mercury analyzers are reinstalled and operating and we have coordinated
with David to isolate the B-side COHPAC hoppers. We should be ready to do this next Wed.
The following week Southern Research Institute will be on-site with a test crew to make manual
measurements of mercury following the modified Ontario Hydro test method. These tests will
be conducted across A-side of COHPAC. The parametric tests should begin Monday March 12.

In the next couple of weeks we will start tests that require coordination with unit operation. The
following paragraphs provide an overview of the tests and detailed requests for assistance from
Plant Gaston.

Week of February 26:

Test description: Set analyzers at inlet and outlet of COHPAC on B-side and verify operation.
This should be completed on Tuesday. Begin injection system shake down on Wed. Plan is to
inject for a short period (about 30 minutes) to monitor effect on mercury removal. After initial
screening, which should take about 3 hours, injection system will be turned on and will operate
until either a) sufficient quantity of carbon/ash is removed from the hoppers for testing or b)
system operation is confirmed. Although exact time and quantity of injection may change, we
do expect that this test will be completed by Thursday night. Charles Lindsey and Cam Martin
will oversee this test.

Install 3 new Ryton bags into both A- and B-side compartments.

Alabama Power Assistance:
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1. Arrange to isolate B-side COHPAC hoppers from hydroveyor system. Arrange for vacuum
truck to clean hoppers after testing is completed. Send ash/carbon samples to APC
Environmental Affairs (identify contact name) for TCLP tests.

Wednesday Feb 28 — Isolate hoppers
Thursday Mar 1 — Empty hoppers to vacuum truck

2. Valve COHPAC hoppers back in hydroveyor when tests are completed.

3. Install 3 new Ryton bags into compartments. Ken Cushing will work with Plant Gaston to
identify bag locations.

4. Install valves and piping on COHPAC hoppers for ash removal.

Week of March 5:

Test description: Baseline testing. This is the beginning of the actual “sorbent injection tests”.
Goals for this week are to:

a) measure baseline mercury following EPA approved test procedures (measurements
should be made at full load),

b) determine coal and ash sampling procedures, and

c) determine data collection procedures.

Southern Research Institute (SRI) is the contractor for the Ontario Hydro tests. The primary
contact is Joe McCain (205 581 2278). SRI should have made arrangements directly with
David Prater for their needs.

It is important that consistent, achievable testing and sampling protocol are established and
followed during this period. Data collected during this week will be compared to results obtained
during the “performance” (long-term) tests. EPA will audit our sampling protocol during the
performance tests. Note: EPA refers to our long-term tests as the performance tests.

A separate memo will be issued identifying the amount of material needed and the frequency of
collection for the coal and ash samples. We will want both ESP and COHPAC hopper ash
samples in addition to daily coal samples.

Alabama Power Assistance:

1. Request that Unit 3 be operated at full load on Monday afternoon, Tuesday, and
Wednesday. We should keep Thursday available as contingency.

2. Obtain coal samples daily.

3. Collect ESP hopper samples per test plan (to be issued).

Week of March 12:

Test description: Parametric Test Week 1. Sorbent for this test will be Norit FGD activated
carbon. Goals for this test are to:

a) Determine carbon injection rate to obtain 50, 75 and 90% removal.
b) Collect coal and ash samples and obtain plant operating data.

The plan is to inject during the day (8:00 am — 6:00 pm) and turn the injection system off at
night. Injection rate will start low, less than 0.5 Ibs/min, and will be increased incrementally to
obtain the target removal levels. The mercury S-CEMs will be in operation across COHPAC 24
hours/day. There is a high probability that the results will require a change in this approach.
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Alabama Power Assistance:

1) We are assuming that the TCLP tests will show that we do not have to isolate the COHPAC
hoppers.

2) Request that Unit 3 be operated at full load on Monday through Friday during the day.

3) Obtain coal samples daily.

4) Collect ESP hopper samples per test plan (to be issued).

Weeks of March 19 and 26:

These weeks are set aside for additional parametric tests on different sorbents. The second
sorbent will be an activated carbon supplied by Norit called PAC 20B. This is a subbitumionous
based product. During the third week, the wish is to evaluate ash obtained from the ESP
hoppers that is ground to less than 45 um. My understanding at this time is that a mechanism
to actually remove this much ash from the hot-side hoppers has not been determined. We also
understand that getting 4,000 pounds of 600+ °F ash from the ESP hoppers is not trivial.
Please keep us informed of progress, issues, concerns. etc.
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Figure 1
ecember [ January | February [ March

ID | Task Name 12/3 [ 12110 1217 [ 1224 [ 12/31] 1/7 [ 1714 [ 1/21 [ 1/28 | 2/4 | 211 [ 2/18 | 2/25 | 3/4 | 3/11

1 Kickoff Meeting

2 |TestPlan |

3 | Pre-baseline SCEM Prep |

4 | Pre-baseline SCEM Testing [

5 Equipment Installation [

6 Equipment Checkout

7 Baseline Test

8 | Ontario Hydro Test 1 =

9 Parametric Test Series 1

10 | Parametric Test Series 2

11 | Parmetric Test Series 3

12 | Detemine Long Term Condition:

13 | Long Term Testing

14 | Ontario Hydro Test 2

15 | Data Analysis and Reporting

[ March April [ May [June

ID | Task Name 225 [ 34 [ 311 318 [ 3/25 | 41 | 4/8 | 4115 [ 4/22 | 4/29 | 56 | 5113 | 5/20 | 527 | 613

1 Kickoff Meeting

2 Test Plan

3 Pre-baseline SCEM Prep

4 Pre-baseline SCEM Testing

5 Equipment Installation ;

6 Equipment Checkout

7 Baseline Test

8 | Ontario Hydro Test 1 =

9 Parametric Test Series 1

10 | Parametric Test Series 2

11 | Parmetric Test Series 3 ==

12 | Detemine Long Term Conditions | —

13 | Long Term Testing

14 | Ontario Hydro Test 2 =

15 | Data Analysis and Reporting |
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APPENDIX C

PARAMETRIC TESTS

PLAN FOR PARAMETRIC WEEK ONE TESTS
Memo Dated March 7, 2001

LEACHING TEST RESULTS
Memo Dated March 8, 2001

PARAMETRIC WEEK ONE RESULTS, WEEK TWO
PLAN
Memo Dated March 15, 2001

PARAMETRIC WEEK TWO RESULTS, WEEK THREE
PLAN
Memo Dated March 25, 2001

PARAMETRIC WEEK THREE RESULTS
Memo Dated May 9, 2001
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ADA Environmental Solutions, LLC ada.es

8100 SouthPark Way
Littleton, Colorado
80120

Fax: 303.734.0330
303.734.1727 or 1.888.822.8617

memorandum

To: Larry Monroe, David Prater, Cam Martin, Charles Lindsey, Travis Starns, Tom Millar, Ken
Baldrey, Sharon Sjostrom

Jean Bustard
CC: Mike Durham, Richard Schlager
Date: March 7, 2001

RE: Plan for Week 1 Parametric Tests

From:

| just talked to Charles (Wed 1700) and Southern Research has completed the Ontario Hydro
and particulate tests.

In preparation for next week, this memo presents a proposed test matrix for the first week of
parametric testing. Norit FGD activated carbon will be the sorbent used.

As stated in the test plan, we are trying to target three removal rates, 50, 75 and 90%. Table 1
presents the estimated injection rate to achieve these rates. Based on data collected during the
leaching sample tests last week, we believe that within the first 30 minutes we will have a pretty
good idea of the mercury removal at a given injection rate. The tests last week showed that
mercury removal continued to increase with operation, but the change was 10% compared to
the 80% seen fairly quickly. Our hope is that we will quickly know if we overshoot a removal
efficiency. Data also showed that mercury removal and baghouse operation returned to pre-
injection levels after 6 hours. Note: Ken Cushing reviewed COHPAC data from last week and
thought the cleaning frequency returned to normal within 2 hours.

Report No. 41005R11

Table 1
Predicted Injection Rates for FGD Carbon on B-Side of COHPAC
TARGET HG REMOVAL PREDICTED INJECTION RATE
EFFICIENCY (LBS/MIN)
(%)

50 <0.5

75 1.0

90 1.5
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We are also becoming more confidant that mercury concentrations don’t vary significantly with
boiler operation. S-CEM measurements in January and during the past 2 weeks show inlet
concentrations between 7 and 10 pg/dNm? regardless of boiler load, and usually were around 9
ug/dNm?®. There is virtually no mercury removal across COHPAC without carbon injection.

Goals for the Week 1 of Parametric tests include:

1. Determine injection rates to achieve nominally 50, 75 and 90% removal.
2. Operate at each target removal rate for a day (would like to see 6 — 8 hours).
3. Determine if continuous injection is required to maintain removal rate between cleans.

Parametric tests are scheduled Monday through Friday, March 12 — 16. Test crew personnel
(that will be me and Sharon Sjostrom from Apogee) will be on-site Sunday to start-up the
mercury S-CEMs and review Unit 3 operation. If overnight mercury data show similar trends to
recent data, we would like to begin injecting carbon sometime on Monday. A proposed test
matrix is presented in Table 2.

Table 2

Proposed Test Matrix for Week 1 Parametric Test

Day Target Estimated Rate Duration Test goal
Removal (Ibs/min) (hours)

(%)
Monday 50% 0.5 4 Determine rate for 50%
Tuesday 50% 0.5 6-8 Obtain operating data at 50%
Wednesday 75% 0.75 6-8 Obtain operating data at 75%
Thursday 90% 1.5 6-8 Obtain operating data at 90%
Friday TBD TBD TBD Contingency/TBD

Alabama Power Assistance:

e We request full load operation between 0800 and 1800 (2000 if possible). ADA-ES will
inform operators when injection begins and ends.

e Daily coal samples.
Periodic manual cleaning of the baghouse may be requested.

¢ We do not have the TCLP results yet, but | assuming we will not need to isolate hopper ash.
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ADA Environmental Solutions, LLC
8100 SouthPark Way

Littleton, Colorad
sorae C00E%  memorandum

Fax: 303.734.0330
303.734.1727 or 1.888.822.8617

To: Larry Monroe, David Prater

From: Jean Bustard

CC: ADA-ES, Apogee

Date:  March 8, 2001

RE: Summary of Hg testing week of February 26, 2001

Primary Goals for Week of February 26:

1. Reinstall Apogee S-CEMs that arrived Monday morning from Salem Harbor.
Operate injection system for several hours with COHPAC hoppers isolated from
hydroveyors to obtain ash/activated carbon sample for TCLP tests and check out system
operation.

Completed Tasks:

1. David Prater installed 3 new Ryton bags into A20 and B20, row 14, bag numbers 25, 26,
and 27. These bags will be removed after the long term test for strength tests.

2. Sharon Sjostrom and Tim Ebner installed the two vapor phase mercury S-CEMs at the inlet
and outet of Unit 3, B-side COHPAC. Tim built a third sample probe for COHPAC A-side
outlet.

3. Calibrated the carbon injection system. This system was supplied by Norit America. Two
representatives from Norit were on-site Wednesday to look at the installation.

4. David Prater made arrangements for procurement and fabrication of valves and piping to
facilitate removal of ash hopper samples from the 12 COHPAC hoppers, A- and B-side.
Plant Gaston personnel installed.

5. On Thursday afternoon the B-side COHPAC hoppers were isolated from the hydrovactor

system.

An APC vacuum truck and operators were made available on Friday to evacuate the

hoppers.

Injected carbon for 30 minutes Thursday night.

Injected carbon for 4 hours Friday.

Collected ash/activated carbon samples.

0 B-side hoppers evacuated with vacuum truck

o

—‘<°.°°.\‘
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11. Requested coal samples.
12. Delivered ash/activated carbon samples to Harold Weston of APC for testing.

Preliminary Test Results and Analysis:

The attached graphs were provided by Sharon Sjostrom. These graphs show time histories
of:

1. Total vapor phase mercury at the inlet and outlet of COHPAC and carbon injection rate
in Ib/Mmacf;

Elemental mercury at the inlet and outlet of COHPAC,;

B-side COHPAC flow;

Unit 3 boiler load;

B-side COHPAC flange-to-flange pressure drop;

. B-side COHPAC cleans.

A summary of the results are presented in Table 1.

Previous data presented in the memo dated 030201 showing significant mercury removal
(35 — 50%) across COHPAC were incorrect because of low temperatures at the particulate
filter. Attimes it does appear that there may be 10 — 20% removal across COHPAC.
COHPAC inlet flue gas temperature was about 260°F throughout the tests.

Inlet mercury concentration is similar to that measurement during prebaseline tests in
January.

Injection system was set at maximum feedrate (100 Ibs/h) for both tests. At full load this
correlates to an increase in grain loading to the baghouse of about 0.025 gr/acf.

In the 14 hours prior to the 4-hour test inlet grain loading (measured by the BHA Particulate
monitors located in the COHPAC inlet duct) varied between 0.0029 and 0.239 gr/acf, with an
average loading of 0.021 gr/acf. On the average, carbon injection doubled the inlet loading.
Outlet vapor phase mercury immediately began to decrease when carbon was
injected. In the 30 minutes a maximum removal of 88% was measured.

After the injection of activated carbon was halted, outlet mercury appeared to return
to pre-test values after about 6 hours. No significant impact on COHPAC
performance was noted.

The 4-hour test was conducted at full load (270 MW).

Similar to the 30-minute test, mercury decreased immediately when carbon was
injected and over 80% mercury removal was measured in the first 30 minutes.
Mercury removal increased over time during the 4-hour test to a maximum removal of
92%.

Both elemental and oxidized mercury effectively removed with the activated carbon.
COHPAC cleaning frequency increased from nominally once every three hours to
once per hour.

After the injection of activated carbon was halted, outlet mercury appeared to return
to pre-test values after 6 hours. COHPAC cleaning frequency decreased when
injection was stopped. COHPAC performance returned to pre-injection conditions in
about 2 hours.

After the 4-hour injection test, outlet mercury concentration increased above the inlet
concentration. Sharon confirmed that similar behavior has been seen during EPRI tests
conducted by Apogee and URS Corporation. After nearly 24 hours the inlet and outlet
mercury concentrations were similar.

SR NISIN
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Table 1: Preliminary Mercury Concentration Results During Leaching Test

Condition/S-CEM Locations

Results

Across COHPAC, no injection

Inlet Total: varied between 7.7 and 10.6 ug/Nm?®

Inlet Elemental: varied between 3.8 and 8.6 ug/Nm®
Outlet Total: varied between 7.0 and 11.7 ug/Nm?
Outlet Elemental: varied between 0.4 and 1.1 ug/Nm?®
Total removal: nominally 0%

Elemental oxidized across COHPAC: ~85%

Across COHPAC, 30 min. injection
Injection rate ~ 4.5 Ibs/Mmacf

Inlet Total: nominally 9.2 ug/Nm?

Outlet Total: minimum value 1.1 pg/Nm®
Total removal: maximum ~88%

Hg recovery time: ~ 6 hours

Across COHPAC, 4 hour injection
Injection rate ~ 3.8 Ibs/MMacf

Inlet Total: varied between 5.8 and 10.3 ug/Nm*
Outlet Total: minimum 0.6 pg/Nm?

Outlet Elemental: varied between 0.1 and 0.3 ug/Nm?
Total removal: maximum ~92%

Hg recovery time: ~ 6 hours

* Still determining if lower concentrations were caused by carbon injection approximately 10
downstream of analyzer or if analyzer was recovering from changing out chiller.
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Gaston 3B Activated Carbon Injection
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ADA Environmental Solutions, LLC
8100 SouthPark Way

Littleton, Colorad
sorae C00E%  memorandum

Fax: 303.734.0330
303.734.1727 or 1.888.822.8617

To: Larry Monroe, David Prater
From: Jean Bustard, Sharon Sjostrom
CC: ADA-ES, Apogee

Date:  March 15, 2001

RE: Preliminary results from Week 1 Parametric Tests, Plan for Week 2

Primary Goals for Week of March 12:

1. Perform parametric tests of Norit America’s FGD activated carbon.

2. Determine injection rates to achieve nominally 50, 75, and 90% removal.

3. Operate at each target removal rate for 6 — 8 hours.

4. Determine if continuous injection is required to maintain removal rate between cleans.

Completed Tasks:

1. Apogee mercury S-CEMS started up Sunday night.

Received go ahead from Larry Monday morning to inject carbon and send ash/activated

carbon to the ash pond.

Monday: injected at three rates, 20, 25 and 40 Ibs/h.

Tuesday: injected at 25 Ibs/h for 6.5 hours.

Wednesday: injected at 60 Ibs/h for 2.5 hours and 70 Ibs/h for 5.5 hours.

Thursday: started injection at very low rate (10 Ib/h). After removal rate settled out (3

hours), increase injection rate to 40 Ibs/h for about 5 hours.

Reviewed data and concluded that sufficient data were collected to develop injection

concentration versus mercury removal correlations.

8. Sent Carl Richardson hopper samples from A- and B- side to measure capacity for
mercury.

9. APC collected daily coal samples.

10. Collected ash samples from hot-side ESP, B-side COHPAC and A-side COHPAC
hoppers.

N

o0k w

N
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Preliminary Test Results and Analysis:

¢ A summary of the parametric conditions tested during the week of March 12 is presented in
Table 1.

e A graph showing mercury concentration at the inlet and outlet during the parametric tests is
presented in Figure 1. These data show that inlet mercury concentrations were slightly
higher than the previous week, varying between 10 and 12 pg/dnm?®. This graph also shows
when carbon was injected.

e Figure 2 presents removal efficiency with respect to injection concentration. Injection
concentration was calculated using B-side flow data from the SRI COHPAC performance
computer. Figure 3 presents mercury not removed with respect to injection concentration.

e Figure 4 shows the impact of injection concentration on the number of pulse per hour
required to maintain a drag of 0.60.

o Recovery of vapor phase mercury after injection was halted can be seen in Figure 1. On
day 1 with a little over 3 hours of injection, outlet mercury concentration returned to pre-
injection levels after about 3 hours. Day 2 carbon was injected for about 6 hours and full
recovery took 12 hours. Day 3 saw a decrease in mercury concentration when load was
increased from nominally 140 to 270 MW. This may have been a result of carbon being
stirred-up as flow increased with load. When injection was halted, outlet mercury
concentrations did not return to pre-injection levels before testing on Day 4 was started.

o Mercury removal efficiencies in Figures 2 and 3 are the maximum achieved, which usually
occurred at the end of the test. At injection concentrations above 0.4 Ibs/Mmacf (10 Ibs/h),
removal efficiency continued to increase for several hours. Filled diamonds identify test
conditions run for less than 150 minutes and conditions with greater than 300 minutes are
identified by filled squares.

o Figure 2 shows a strong linear correlation between injection concentration and
removal efficiency for test conditions with less than 150 minutes of operation. Figure
3 shows a strong logarithmic correlation between unremoved mercury and injection
concentration for test conditions with greater than 300 minutes of operation.

¢ An injection concentration to obtain 90% removal can be projected using the curve fit
in Figure 3 to be 2.2 Ibs/Mmacf. This is less than the theoretical prediction of 3.0
Ibs/Mmacf. Table 2 presents the injection rates and concentrations for 50, 75 and
90% removal based on results with FGD carbon presented in Table 3. Table 2 also
shows the predicted injection rates from theoretical models.

¢ A direct correlation between injection concentration and cleaning frequency was
seen. This increase in cleaning frequency may become worse with longer operation.
Changes in cleaning initiate should be discussed to try and optimize cleaning
frequency with this higher inlet mass loading. COHPAC cleaning frequency appeared
to recover when injection was halted.

Table 1: Summary of Parametric Test Conditions

Date Injection Feeder Set Duration Hg Removal
Concentration Point (minutes) at end of test

(Ibs/Mmacf) (Ibs/h) (%)

3/12/01 1.0 25 83 46
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3/12/01 1.6 40 120 70
3/13/01 1.0 25 324 64
3/14/01 2.2 60 120 88
3/14/01 2.6 70 307 94
3/15/01 0.4 10 149 31
3/15/01 1.5 40 315 81

Figure 1: Inlet and outlet mercury concentration trend graphs

| —+ Total Outlet —— Total Inlet ===Inj. Conc.|

Figure 2: Mercury removal during week 1 parametric tests
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Figure 3: Residual vapor phase mercury during week 1 parametric tests
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Table 2: Predicted and Measured Injection Rates for Target Mercury Removal

Target Removal Predicted Injection Parametric Test Results
(%) (Ibs/Mmacf) (Ibs/min)® (Ibs/Mmacf) (Ibs/min)®
50 1.0 0.5 0.65 0.33
75 2.0 1.0 14 0.66
90 3.0 1.5 2.2 1.0

a. Based on estimated flow of 500,000 acfm
b. Based on average actual flow of nominally 420,000 acfm

Week 2 Parametric Tests

Goals Include:

1.

Conduct performance tests on Norit PAC20B carbon (subbituminous based). This carbon

showed higher equilibrium capacity than FGD carbon in laboratory and field screening tests
(identified as GAC 830 in screening tests).

2. Inject PAC20B at three injection rates, 20, 40, and 60 Ibs/h, targeting 50, 75, and 90% mercury
removal. Operate at each condition for about 6 hours.
3. If all goes well, there may be time at the end of the week to start week 3 testing. Proposed test

conditions not yet discussed with team members for week 3 include: 1) low flow/load test
(determine effect of air-to-cloth ratio on mercury removal), 2) run 1 day at 60 Ibs/h to determine
if this is the best rate to obtain 90% removal for the long term tests (assuming that 90% removal
is the target for the long term tests), 3) TBD after team discussions.

Table 3: Proposed Test Matrix for Week 2 Parametric Test

Day Target Estimated Rate Duration Test goal
Removal (Ibs/min) (hours)
(%)

Monday 50% 0.33 6-8 Obtain operating data at 50%
Tuesday 75% 0.66 6-8 Obtain operating data at 75%
Wednesday 90% 1.0 6-8 Obtain operating data at 90%
Thursday TBD TBD TBD Contingency/TBD

Friday TBD TBD TBD Contingency/TBD

Alabama Power Assistance:

o We request full load operation between 0800 and 2000. ADA-ES will inform operators when
injection begins and ends.

e Daily coal samples.
Periodic manual cleaning of the baghouse may be requested.

¢ We may request to work with APC to operate at low load (175 MW) for 6 — 8 hours on

Thursday.

Report No. 41005R11

Final Site Report — E.C. Gaston Unit 3

Appendix C



ada.es

ADA Environmental Solutions, LLC
8100 SouthPark Way

Littleton, Colorad
sorae C00E%  memorandum

Fax: 303.734.0330
303.734.1727 or 1.888.822.8617

To: Larry Monroe, David Prater, Charles Lindsey, Travis Starns, Sharon Sjostrom
From: Jean Bustard

CC: Ken Cushing, Rich Miller, Ramsay Chang, Mike Durham, Richard Schlager
Date:  March 25, 2001

RE: Preliminary results from Week 2 Parametric Tests, Plan for Week 3

Primary Goals for Week 2 Parametric Tests: March 19 - 23

1. Perform parametric tests of Norit America’s PAC-20B activated carbon (made from
bituminous coal).

2. Inject PAC20B at three injection rates, 20, 40, and 60 Ibs/h, targeting 50, 75, and 90%
mercury removal. Operate at each condition for about 6 hours.

3. Operate at each target removal rate for 6 — 8 hours.

4. Thursday and Friday were to-be-determined. These days were used to a) retest low
injection concentration of PAC-20B and b) obtain COHPAC performance data at high
load with no injection.

5. Meet with Larry and Wallis to discuss long term test conditions.

6. Ramsay Chang, EPRI, and Rene Mengle, Ontario Power visited the site on Thursday.

Completed Tasks:

Monday: injected PAC-20B at 20 Ibs/h for 6 hours.

Tuesday: injected at 40 Ibs/h for 8 hours.

Wednesday: injected at 60 Ibs/h for 5.5 hours.

Thursday: injected at 20 Ibs/h for 2 hours and 30 Ibs/h for 1.5 hours.

Reviewed data and concluded that:

a) mercury removal at 20 Ibs/h with PAC-20B was significantly lower than removal at the
same rate with FGD, even though at higher rates the two carbons had similar
performance. Because of this inconsistency, the test at 20 Ibs/h was repeated on
Thursday; and

b) COHPAC cleaning frequency is high enough during carbon injection that it may not be
possible to inject sufficient quantity of carbon for 90% removal within acceptable
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baghouse operating conditions for the long term tests. To better understand the impact

of carbon on COHPAC operation, during the blocked-out full load period on Friday, no

carbon was injected to obtain baseline COHPAC data; and

c¢) it would be interesting to test a coarser carbon that might have less impact on

baghouse pressure drop (suggested by Ramsay).

APC collected daily coal samples.

Collected ash samples from hot-side ESP, B-side COHPAC and A-side COHPAC

hoppers. Collected sample of PAC-20B.

8. Fine carbon, “Insul”, from Norit arrived. This carbon is a waste product and may provide
a cost savings. Also, it was of interest to evaluate the impact of particle size on mercury
removal and baghouse operation. This carbon was ordered prior to discussions last
week about potential limitations of injection rate due to high cleaning frequencies.

9. Talked with Dennis Restert with Norit and made arrangements for a coarser carbon to
be delivered next week. Thanks to Norit for their help in obtaining this alternate product
on short notice. Table 1 presents a particle size summary of the four Norit products.

No

Table 1: Particle Size of Norit Carbons

Name D952 D50 D5°

FGD 52 15-20 <2
PAC 20B 52 15-20 <2

Insul 25 6-7 <2
Hydro C 100 30 3

a. Particle size in microns that 95% of particles are less than.
b. Particle size in microns that 50% of particles are less than.
c. Particle size in microns that 5% of particles are less than.

Preliminary Test Results:

e Preliminary results with PAC20B were similar to FGD. Although PAC20B showed higher
capacity in laboratory and slipstream tests, no significant difference in removal effectiveness
was seen at 40 and 60 Ibs/h. PAC20B was not as effective as the FGD at the lower
injection rate of 20 Ibs/h.

o PAC20B had a similar impact on cleaning frequency as FGD.

e Results are still being reviewed and a more detailed analysis will be issued later this week.

Week 3 Parametric Tests

Goals Include:
1. Conduct performance test on Norit Insul (fine carbon).

2. Evaluate impact of flow (air-to-cloth (A/C) ratio) on mercury removal. Two days are set
aside for this test. Carbon will be injected at full load (A/C ~ 7 ft/min) with a target removal
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efficiency of 50% (nominally 0.65 Ibs/Mmacf) for 1 day. Load will be held at 175 MW (target
A/C = 4 ft/min) for one day and carbon will be injected at nominally 0.65 Ibs/Mmacf to see if
removal efficiency is different. If possible, flows will be confirmed with manual
measurements.

3. If the drag setpoint for cleaning is increased, it may be possible to inject at a higher rate than
possible with the current drag setting. Increasing the drag setpoint will allow for more
ash/carbon to build up on the bag prior to pulsing. In some instances it has been shown that
a heavier dustcake cleans better than a light one. The higher drag setpoint will also allow
the baghouse to operate at an overall higher pressure drop. This may be necessary with
the higher inlet loading with the carbon.

4. ltis important to remember that this baghouse cleans on-line. This may contribute to
reentrainment of the carbon back onto the bag when pulsed.

5. To evaluate the impact of increasing the drag setpoint on the ability to inject sufficient
carbon for 90% removal, a one day test will be conducted with the drag setpoint at 0.74 and
a carbon injection rate of 60 Ibs/h.

6. A one day test of the coarser carbon will be conducted. Carbon will be injected at 60 Ibs/h.

7. A summary of the parametric test conditions for Week 3 is presented in Table 2.

Table 2: Proposed Test Matrix for Week 3 Parametric Tests

Day Carbon Comments

Target Removal Estimated Rate

Mon Insul 50, 75, 90 Start @ 10 Watch cleaning frequency, end

test if continuous clean occurs

Tues FGD 50 10 Load at 175 MW, check A/C

Wed FGD 50 20 If stable, increase drag setpoint to

0.74 during last 2 hours injection

Thurs FGD 90 60 Higher drag setpoint

Fri Hydro C 90 60 If stable, evaluate at 40 Ibs/h

Alabama Power Assistance:

We request full load operation between 0700 and 2000 Mon, Wed, Thurs, and Friday. We
request 175 MW 0700 to 2000 on Tuesday. ADA-ES will inform operators when injection
begins and ends.

Change drag setpoint and pressure drop setting on Wednesday pm. Timing on this change
will depend on test results. Charles, Travis or Sharon will keep David informed.

Daily coal samples.

Periodic manual cleaning of the baghouse may be requested.

A delivery of coarse carbon will arrive mid-week. Request assistance in unloading from
truck.
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ADA Environmental Solutions, LLC
8100 SouthPark Way

Littleton, Colorad
sorae C00E%  memorandum

Fax: 303.734.0330
303.734.1727 or 1.888.822.8617

To: Larry Monroe, David Prater, Charles Lindsey, Travis Starns, Sharon Sjostrom
From: Jean Bustard

CC: Ken Cushing, Rich Miller, Ramsay Chang, Mike Durham, Richard Schlager
Date: May 9, 2001

RE: Preliminary Results from Parametric Tests, Summary of Week 3 Tests

Note: These data are for distribution to DOE mercury team members only.

Primary Goals for Week 3 Parametric Tests: March 26 - 30

1. Conduct performance test on Norit Insul. This product has finer particle size than FGD and
is chemically treated.

2. Conduct performance test on coarser FGD product referred to as Hydro C.

3. Evaluate impact of flow (A/C ratio) on mercury removal. Low flow tests to be conducted at
boiler load of 175 MW (A/C ~ 4 ft/min).

4. Evaluate impact on cleaning frequency and Hg removal with higher cleaning initiate setpoint.

Completed Tasks:

1. Monday: injected Insul at 12 Ibs/h for 5%z hours.

2. Tuesday: injected Hydro C at 60 Ibs/h for 6 hours.

3. Wednesday: Conducted increased drag test. Started injection FGD at 40 Ibs/h with cleaning
initiate setpoint at current drag setting of 0.6. After 2%% hours, increased drag setpoint to
0.74 and injection rate of 40 Ibs/hour. Left at this setting overnight. Measured flow at the
inlet to COHPAC on both A- and B-side.

4. Thursday: Decreased cleaning initiate setpoint to 0.6. Injected FGD carbon at 23 Ibs/h for

about 7 hours. Measured flow at A- and B-side COHPAC inlet.

Friday: Load steady at 175 MW. Injected FGD at 15 Ibs/h for 3 hours.

APC collected coal samples.

o o
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7. Collected ash samples from hot-side ESP, B-side COHPAC, and A-side COHPAC hoppers.

Collected samples of Insul and Hydro C.

Preliminary Results:

Table 1 is a summary of the test conditions, mercury removal and COHPAC cleaning
frequency for the 15 parametric tests evaluated in this test series.

Figure 1 presents mercury removal versus carbon injection concentration as measured
during the parametric tests. Figure 2 shows COHPAC cleaning frequency in pulses/bag/h
with respect to injection concentration. These graphs were provided by Sharon Sjostrom
with Apogee.

A description of the Norit carbons used during the parametric tests is presented in Table 2.
This table includes name, a brief product description, particle size and bulk bag price. Bulk
bag price is the commercial price to by a supersack of these materials.

Results with Insul showed high mercury removal at low injection concentrations.
Over 90% removal efficiency was achieved at an injection concentration nominally 4%
less than that required for similar removal efficiencies with FGD. Impact on baghouse
cleaning frequency was less because the increase in inlet loading was also less by
nearly a factor of 5.

These results correlate well with EPRI sponsored modeling performed by Frank Meserole.
Meserole states that “the sorbent injection rate required to remove a certain fraction of the
inlet mercury varies approximately quadratically with the average particle size”. In this case,
D50’s decreased from 15—20 microns to 6-7 microns.

Although results match theory, Insul is a chemically treated carbon product and not just
smaller FGD. To assure that the change was just due to the change in particle size,
arrangements were made to have FGD ground to a similar size range. Tests with this
product will be conducted the week of April 16.

Injection with Hydro C showed similar mercury removal efficiencies to those obtained
with FGD and PAC20B at similar injection concentrations. The affect of Hydro C on
cleaning frequency was slightly lower than the average, but not significantly different
(see Figure 2).

Because of the significant impact on COHPAC cleaning frequency when carbon is injected,
it was of interest to see if allowing a thicker dustcake to form would assist with more efficient
removal of the cake when pulsed. To do this, the drag setpoint was increased from 0.6 to
0.74 inches H,O/ft/min. At an injection rate of 1.5 Ibs/Mmacf (40 Ibs/h), it took 3 hours
before the first clean. Once the baghouse started cleaning, the time between cleans
decreased. The results from this test are inconclusive because what we did not know at the
time was that the cleaning program sets the maximum decrease in drag to 0.08 (about 72
inch). We did not run the test long enough to see the long-term effect of the higher drag
setpoint.

Increasing the drag setpoint and having more carbon on the bag did not increase
mercury removal.

Decreasing A/C ratio from 7.0 ft/min to about 4.0 ft/min did not increase mercury
removal. Mercury removal at the higher A/C was 58% and at the lower 57%.
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Table 1: Summary of Mercury Removal and COHPAC Cleaning Frequency From Parametric Test

May 9, 2001

Test ID Date Norit Carbon Injection Duration Temperature Hg Removal Cleaning
Name Concentration (minutes) (°F) at end of test Frequency
(Ibs/Mmacf) (%) (p/bag/h)
1a 3/12/01 FGD 0.8 83 274 46 0.9
1b 3/12/01 FGD 1.6 120 272 69 1.2
2 3/13/01 FGD 1.0 324 267 64 1.4
3a 3/14/01 FGD 2.3 120 272 88 1.5
3b 3/14/01 FGD 2.6 307 272 94 29
4a 3/15/01 FGD 0.4 149 266 31 0.8
4b 3/15/01 FGD 1.5 387 267 81 1.9
5 3/16/01 FGD 3.6 232 273 92 4.0
6 3/19/01 PAC20B 0.9 300 269 33 0.9
7 3/20/01 PAC20B 1.7 405 266 82 1.9
8 3/21/01 PAC20B 2.7 275 274 96 2.9
9 3/22/01 PAC20B 0.8 213 279 38 1.0
10 3/23/01 Baseline 0 600 275 0 0.5
11 3/26/01 Insul 0.44 329 280 93 0.6
12 3/27/01 Hydro C 2.3 363 272 94 2.2
13a 3/28/01 FGD 1.5 146 274 59 0.95
13b°® 3/28/01 FGD 1.5 192 268 80 0.13
13¢® 3/28/01 FGD 1.9 44 267 82 0.27
14° 3/29/01 FGD 0.85 193 0.85 58 0.95
15 3/30/01 FGD 1.0 183 0.98 57 0.27
a. Drag cleaning initiate increased to 0.74 from 0.6
b. Boilerload at 175 MW, A/C =4.0
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Table 2: Description of Norit Carbons Used in Parametric Tests

% Hg Removal

Name Description Particle Size Distribution® Bulk Bag
Price
D95 D50 D5

Darco FGD Lignite AC 52 15-20 <3 $0.58

Norit PAC2B Subbit/Bit 52 15-20 <3 $0.86
Blend AC

Darco Insul Chemical 25 6-7 <2 $1.31
treated waste
product

HydroDarco-C | Coarser FGD 100 30 3 $0.82

a. Percent of particles less than size in microns

Figure 1 Gaston 3B Carbon Injection

3/12 - 3/29/01 = FGD
N 4 PAC20
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Figure 2 Gaston 3B FGD Injection
3/12 - 3/27/01

May 9, 2001
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APPENDIX D

LONG TERM TESTS
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ADA Environmental Solutions, LLC

8100 SouthPark Way, B-2 ada.es
Littleton, Colorado 80120

Fax: 303.734.0330

303.734.1727 or 1.888.822.8617

memorandum

To: Larry Monroe, David Prater, Ken Cushing, Charles Lindsey, Sharon Sjostrom, Travis
Starns, Ken Baldrey

From: Jean Bustard

CC: Mike Durham, Richard Schlager, Scott Renniger, Jim Kilgroe, Rich Miller
Date: April 9, 2001

RE: Proposed Long-Term Test Plan (April 16 — April 27)

Primary Goals Include:

1.

2.

No

Inject carbon continuously for ~3 days to obtain longer-term performance data with “fine”
FGD activated carbon for mercury removal. Target removal efficiency 90%.

Inject carbon continuously for ~7 days with Norit FGD activated carbon to obtain longer-term
performance. Injection rate and removal efficiency will be determined based on maintaining
COHPAC cleaning frequency around an average 2 p/b/h.

Measure flue gas mercury concentration with modified Ontario Hydro tests. These tests will
be conducted by Southern Research Institute on April 24, 25, and 26.

Obtain performance data with 24 hours/day of full load boiler operation. These conditions
are scheduled for Monday — Friday April 23 — 27.

Optimize COHPAC cleaning settings to minimize impact of carbon injection on pressure
drop and cleaning frequency.

Collect ash and coal samples.

A summary of the test conditions for each day of the long term test is presented in Table 1.

On-site Activities and Support Before and During Long Term Test:

One test bag was removed from A- and B-sides on Thursday April 5. These bags will be
sent to Theron Grubb for Mullen Burst tests (strength) and pH measurements.

Cleaning frequency on Unit 3 COHPAC has increased on both sides. Ken Cushing
requested that the pressure initiate/terminate setpoints be increased to eliminate
interference with the drag initiate/terminate setpoints. Ken also asked to have the cleaning
pressure increased.

In discussions with Ken Cushing and Rich Miller last week, the advantages of cleaning on
pressure drop initiate/terminate instead of drag were considered. Based on experience with
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Unit 2, which showed better control when using pressure drop initiate, we would like to try
pressure drop initiate/terminate on Unit 3.

On April 8" Ken Cushing instructed the operators to change to a pressure initiate with the
initiate setting of 7.2 and a terminate setting of 6.5. The cleaning pressure was increased to
10 psi.

Optimizing baghouse performance with carbon injection during the long-term tests will
provide design data on sorbent injection for mercury control at this site and for the design of
new systems for other sites. These data will also be used in the economic analysis.

The long-term/performance test is the culmination of the mercury control evaluation at Plant
Gaston. This program has a large number of supporters and team members that are very
interested in seeing the set-up and results. To accommodate this interest, meetings are
planned for April 18 at Plant Gaston. In addition, others may visit the site at various times
during the long-term test. Either Larry or | will do our best to keep David informed of who
may come to the site.

Data from the long-term/performance test is vital to meeting the overall objective of this
program. The test crew requests that visitors do not interfere with their daily activities and
that people do not spend time in the test trailer without good reason. Please direct visitors
either to Mike, Larry or myself.

Apogee’s S-CEMs will be used to facilitate process optimization. The Ontario Hydro tests
will provide our final reportable data.

Two carbon deliveries will be made during the week of April 9. A supersack of the ground
FGD from Process Industries should arrive on Tuesday April 10. Twelve supersacks of Norit
FGD carbon should arrive on Thursday April 12.

Jim Kilgroe (EPA) is looking into funding additional Ontario Hydro Tests across the hot-side
ESP. We will keep everyone informed of this change in plan.

Alabama Power Assistance:

We request full load operation from 0800 to 2000 Monday through Sunday April 16-22.
We request full load operation 24 hours per day Monday through Friday at 1800, April 23-
27.

Daily coal samples.

Periodic changes to COHPAC cleaning setting will be requested.

Support in unloading carbon deliveries on Tuesday and Thursday April 10 and 12. (One
bag from Process Industries on Tuesday, 12 bags from Norit on Thursday).

We have requested certain plant operating data (stack CEM, coal, etc.). We will need these
data at the end of the long-term test.

Southern Research Institute will bring a test crew and truck on-site Monday April 23. The
truck will be set next to our trailer. They will be testing through Thursday April 26.
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Table 1: Proposed Test Matrix for Long Term Test Tests (April 16 — 27)

Day Carbon Load Est. Rate Comments
(Ibs/Mmacf)
Mon Baseline Full load 0 Obtain baseline COHPAC data
during day
Tues Ground Full load 0.5 Compare ground FGD to Insul
FGD during day performance. Begin 24 h/day injection.
Wed Ground Full load 0.5 Long term test of ground FGD
FGD during day
Thurs  Ground Full load 0.5 Long term test of ground FGD. Turn
FGD during day carbon off at end of day to observe Hg
recovery rate.
Fri FGD Full load 1.0+ Reset COHPAC cleaning initiate
during day parameters. Start carbon at low rate and
increase to obtain highest Hg removal
within acceptable COHPAC cleaning.
Sat FGD Full load TBD Increase injection rate to obtain highest
during day Hg removal within acceptable COHPAC
cleaning.
Sun FGD Full load TBD Assume that the optimum injection rate is
during day has been determined.
Mon FGD Full load 24 TBD Obtain operating data with continuous full
hours/day load conditions. Ontario Hydro test setup
day.
Tues FGD Full load 24 TBD Obtain operating data with continuous full
hours/day load conditions. Ontario Hydro test setup
day.
Wed FGD Full load 24 TBD Obtain operating data with continuous full
hours/day load conditions. Ontario Hydro test. EPA
audit
Thurs FGD Full load 24 TBD Obtain operating data with continuous full
hours/day load conditions. Ontario Hydro test.
Fri FGD Full load until TBD Shut down injection at 1000.
1600
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ADA Environmental Solutions, LLC

8100 SouthPark Way, B-2 ada.es
Littleton, Colorado 80120

Fax: 303.734.0330

303.734.1727 or 1.888.822.8617

memorandum

To: Larry Monroe, David Prater, Joe McCain, Ken Cushing, Rich Miller, Sharon Sjostrom, Connie
Senior, Scott Reninger, Jim Kilgroe Michael Durham, Richard Schlager, Cam Martin, Steve
Johnson, Charles Lindsey, Travis Starns

From: Ken Baldrey, Jean Bustard
CC:
Date: May 2, 2001

Re: Test Completeness: Gaston DOE Mercury Long-Term Performance Evaluation

The long-term Performance Evaluation for the Gaston Unit 3 DOE Mercury demonstration was completed as planned Apr
2001. During this period, source sampling and other tests as listed in the project Test Plan and the Quality Assurance Proj
successfully conducted. Some observations on the test are included in this memo. Table 1 summarizes the completed test

Process

As requested, unit operation was maintained at a steady, full load condition throughout the week. This
contributed greatly to successful completion of the test schedule.

Although cleaning frequency of the baghouse with continuous carbon injection was a major concern,
injection rate was not restricted by cleaning during the long-term test. Going into the test, the baghouse
cleaning was about 1.1 pulses/bag/hour with carbon injection, less than the agreed-to “action limit” of 1.5
pulses/bag/hour. Therefore it was possible to maintain the injection rate necessary to achieve a high
removal efficiency. Prior to the test Unit 3 had been off for several days; this effectively boosted the
short-term ESP performance and contributed to the acceptable cleaning frequency.

Carbon was injected 24 hours/day with no interruptions. Calibration checks of the feed rate indicated that
carbon injection was relatively steady unless the Super Sacs were nearly empty, then it declined by as
much as 25% until a new sack was connected. Overall quantity injected matched closely with the
calibration spot checks.

Process data was logged at 1- minute intervals throughout the test period. There was an intermittent
problem with a hard drive failure on a plant computer that caused loss of some logged data overnight on
April 25 and 26 and all data from April 28. However, complete data was obtained for all critical
sampling periods.
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May 2, 2001

Source Testing

A complete set of Ontario-Hydro sample runs were conducted by SRI on each of April 24, 25 and 26.
Sampling results were acceptable for all of these runs; final results are pending laboratory analysis. One
identified deficiency in the sampling was the inability to test simultaneously at the COHPAC inlet and
outlet locations. This was primarily a result of equipment problems at the inlet location. Fortunately
process and sorbent injection conditions were extremely steady throughout so that this is only a minor
concern.

Ontario-Hydro samples were additionally run by Arcadis at the ESP inlet, as requested by EPA. SRI also

contributed one person to help at this location and prepared and recovered the sample trains. Analysis of
these samples will be conducted along with the other samples for the Performance Evaluation.

An audit of the sampling methodology and test procedures was conducted by EPA on April 25. Final
results are pending, but no serious deficiencies were identified.

Coal and Flvash Sampling

Flyash samples were collected daily at the ESP inlet, COHPAC A, and COHPAC B hoppers. Coal
samples were taken daily by APC at the inlet to the coal bunkers. A coal sample was not obtained for
April 23. The plant coal quality lab was contacted to see if a split could be obtained for this sample day,
but there was insufficient material. Therefore, this day was missed entirely.

Due to the continuous full load on the unit, the Unit 3 coal bunkers were running low during much of the
week. It is uncertain how long the residence time was to firing, but it was probably less than the typical
10 — 12 hours. Therefore, it may prove impossible to match a given coal analysis with a specific sample
run. If a long-term evaluation at this site is contemplated, coal sampling procedures should be
reevaluated.

Mercury Monitors

Apogee Scientific sampled with their extractive monitors at the COHPAC inlet and outlet locations. Data
was collected through the majority of the test period. In particular, data was taken simultaneously with
each of the Ontario Hydro sample runs. Preliminary results from the S-CEMs indicate 85 — 92% mercury
removal at a sorbent injection concentration of 1.5 lbs/Mmacf. Although this is based on sampling at a
single point rather than a full traverse it should provide a good comparison to the manual Ontario Hydro
tests.

Further Work

All recovered Ontario Hydro samples will be submitted to the analytical laboratory within the next week
along with method blanks and prepared QA/QC spikes. Final results should be available within the 45
day holding period or no later than June 15, 2001.

Selected coal and ash samples will be forwarded to Dr. Senior at PSI and then to the analytical
subcontract laboratories (Microbeam Technologies, UND EERC, and Hawk Mountain Labs). Results

from these tests should also be available by June 15.

Final results from the Mercury S-CEMs are pending review of data and calibrations by Apogee.
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Table 1: Test Matrix for Performance Evaluation

Sampling No. of Parameters Sampling Tests Completed Remarks & Comments
Location Runs Method
COHPAC Inlet 3 Speciated Hg, moisture, Ontario Hydro One test per day on 4/24 OH tests successfully completed each scheduled test day.
Busid flow, O,/CO, and EPA 4/25 and 4/26 Simultaneous inlet/outlet testing was not achieved due to
side Methods 1 - 4 equipment failures at inlet location.
COHPAC Outlet 3 Speciated Hg, moisture, Ontario Hydro One test per day on 4/24 See above.
B-side flow, O,/CO, and EPA 4/25 and 4/26
Methods 1 — 4
ESP Inlet 3 Speciated Hg Ontario Hydro One test per day on 4/24 Arcadis/SRI additional tests as requested by EPA.
and EPA 4/25 and 4/26
Methods 1 - 4
Coal Belt Unit 3 Daily Ultimate/Prox. Hg, Cl Composite Sample not obtained 4/23 Bunkers were low through much of test. Residence time to
composite in Coal boiler uncertain.
ESP Hoppers Daily Hg, LOI in Ash Grab ESP ash samples collected Fresh ash samples taken from front field hoppers
for each sample day.
COHPAC Hoppers Daily Hg, LOI in Ash, Hg Grab Ash samples collected for
Busid leachability, Hg each sample day.
-side Thermal Stability
COHPAC Hoppers Daily Hg, LOl in Ash Grab Ash samples collected for
A-side each sample day.
Plant Process Data | Continuous Unit Load, Stack 1 minute logged Data collected for all Overnight data from 4/25 — 4/26 a.m. not available due to
(COHPAC logging opacity, flue gas temp., data critical sampling periods. plant computer malfunction.
computer) baghouse data
ADA-ES Sorbent | Daily, each | Sorbent injection rate Gravimetric grab | Sorbent rate verified each
Injection Skid feedrate plus Screw sample day and for each
change Feeder RPM feed rate change.
COHPAC Inlet Semi- Vapor phase speciated Extractive, Data collected for all Data S-CEM data subject to final quality screening
Mercury Monitor | continuous mercury impinger-based critical sampling periods.
COHPAC Outlet Semi- Vapor phase speciated Extractive, Data collected for all Data S-CEM data subject to final quality screening
Mercury Monitor | continuous mercury impinger-based

critical sampling periods.
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DOE National Energy Technology
Laboratory Mercury Field Evaluation

E.C. Gaston Unit 3
Sorbent Injection into COHPAC for Mercury Control

Parametric Testing
Final Data

Prepared by:

Apogee Scientific, Inc.
2895 West Oxford Avenue
Englewood, CO 80110
(303) 783- 9599



Date/Time

3/2/2001 11:19
3/12/2001 15:37
3/12/2001 16:24
3/13/2001 10:12
3/14/2001 10:42

3/15/2001 9:42

3/16/2001 9:11

3/2/2001 14:14
3/13/2001 15:29
3/14/2001 15:39
3/15/2001 16:14
3/16/2001 12:37

3/19/2001 14:30
3/20/2001 17:50
3/21/2001 14:15
3/22/2001 14:30
3/23/2001 10:20

3/26/2001 8:20
3/26/2001 16:20
3/26/2001 16:45

4/28/2001 0:00

4/29/2001 0:00

3/27/2001 8:00
3/27/2001 16:00

3/28/2001 8:15
3/28/2001 11:10
3/28/2001 15:00
3/28/2001 17:54
3/29/2001 13:08
3/30/2001 18:00

Sorbent

FGD
FGD
FGD
FGD
FGD
FGD
FGD

FGD
FGD
FGD
FGD
FGD

PAC20
PAC20
PAC20
PAC20
Baseline

Baseline
Insul
Insul
Insul
Insul

None
HydroC

None
FGD
FGD
FGD
FGD
FGD

4/27/2001
4/27/2001
4/27/2001
4/28/2001

12:43 FGD Fines
14:50 FGD Fines
15:35 FGD Fines
16:30 FGD Fines

Injection rate

Ib/hr

21.9
43.9
65.8
21.9

0.0
11.6
58.1

0.0
60.0

0.0
40.0
40.0
50.0
23.0
15.0

10.9
14.0
30.3
41.3

Injection COHPAC

Concentration
Ib/Mmacf

0.00
0.44
2.16
0.50
1.60

0.00
2.29

0.00
1.53
1.53
1.86
0.85
0.98

flow
acfm

463897
423305
417441
402990
430245
448388
447909

433744
412254
443072
455607
457063

413634
431448
405988
434217
434033

411750
442326
448453

410045
437503

434974
436461
435583
448294
448472
255550

Gaston 3B COHPAC Parametric Testing

A/C
Ratio
ft/min

Inlet
Temp
F

274
271
267
264
272
266
269

272
267
272
267
273

269
266
274
279
275

272
280
280

264
272

267
274
268
267
264
262

297
301
302
308

FI-FI dP

Load
MW

271
270
272
272
270
270
269

268
272
270
270
270

271
271
270
270
270

270
270
269

270
269

271
271
270
268
270
175

Avg.
Pul./hr
during test

125
136
182
118
212
123
677

191
242
449
292
624

147
299
456
219

60
94
116

186
350

98
149

42
149
42

Avg.
P/b/hr

0.38
0.60
0.74

1.19
2.23

0.63
0.95
0.13
0.27
0.95
0.27

Injection
Duration
(min)

61

100
60
60
60
60

207
324
307
387
232

300
405
275
213

329
350

363

146
338
482
193
183

Inlet Hg Outlet Hg

ug/Nm3  ug/Nm3
9.8 14
1.7 6.3
11.7 3.6
11.5 4.6
10.8 21
10.2 6.7
10.2 1.0
9.8 0.6
11.5 4.2
11.2 0.7
10.2 1.7
10.2 0.8
10.2 6.8
9.6 1.7
9.7 0.4
10.3 6.4
11.5 11.5
12.5 123
12.9 0.9
12.6 0.9
10.7 8.9
10.1 0.6
10.2 10.2
9.7 4.0
10.1 2.0
9.6 1.7
9.7 4.0
13.5 5.8
9.5 7.0
9.5 6.2
9.5 3.9
12.3 1.8

Hg
Removal
%

86
46
69
60
81
34
90

94
64
94
84
92

33
82
96
38

93

40
77

17
94

59
80
82
58
57

27

59
86

gr/acf
ash
(BHA)

0.039
0.052
0.057
0.043
0.036
0.048
0.043

0.036
0.043
0.036
0.045
0.040

0.027
0.030
0.020
0.024
0.024

0.032
0.032
0.050

0.036
0.038

0.040
0.035
0.038
0.037
0.030
0.016

gr/acf
carbon

0.025
0.006
0.011
0.007
0.016
0.003
0.026

0.027
0.007
0.018
0.010
0.026

0.006
0.012
0.019
0.006
0.000

0.000
0.003
0.015

0.000
0.016

0.000
0.011
0.011
0.013
0.006
0.007
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Gaston 3B Activated Carbon Injection
Pre-Leaching Test 3/1/01
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Gaston 3B Activated Carbon Injection
Leaching Test 3/2/01
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Gaston 3B COHPAC Parametric Testing
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Gaston 3b COHPAC Parametric Testing
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Load Pulses in last 5 min.

FI-FI dP (in wc)
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Gaston 3B COHPAC Parametric Testing
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Gaston 3B COHPAC Parametric Testing
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Load Pulses in last 5 min. Hg (ng/Nm®)
3% O,

FI-FI dP (in wc)

Gaston 3B COHPAC Parametric Testing

3/16/2001

‘ —+— Total Outlet —+— Total Inlet ====Inj. Conc.

15

10 ot

70

60
50

40

30
20

10

300

r"w

250

200

150

100

6.1
5.9

5.7

5.5

5.3
5.1

4.9
4:00

6:00

8:00

10:00

12:00

14:00

16:00

18:00

20:00

22:00

0:00

Inj. Conc. (Ib/MMacf)



Load (MW) Pulses in last 5 min.

fl-fl dP (in wc)

Gaston 3B COHPAC Parametric Testing
3/19/2001
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Gaston 3b COHPAC Parametric Testing
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Gaston 3b COHPAC Parametric Testing
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Load (MW) Pulses in last 5 min. Hg (mg/Nm?®)

fl-fl dP (in wc)

Gaston 3b COHPAC Parametric Testing
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Load (MW) Pulses in last 5 min

fl-fl dP (in wc)

Hg (my/Nm®)

Gaston 3B COHPAC Parametric Testing
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Pulses in last 5 min.
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Gaston 3b COHPAC Parametric Testing
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Pulses in last 5 min
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Pulses in last 5 min.

Load (MW)

FI-FI dP (in wc)

Hg (mg/Nms)

Gaston 3B COHPAC Parametric Testing
3/28/01
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Pulses in last 5 min.

Load

FI-FI dP (in wc)

Gaston 3B COHPAC Parametric Testing
3/29/01
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Pulses in last 5 min.

Load

FI-FI dP (in wc)

Hg (ng/Nms)

Gaston 3B COHPAC Parametric Testing
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Gaston 3B COHPAC
4/27-4/29/01

4/27/01 FGD Fines

| —+Total Outlet —— Total Inlet = |j. CONC.
— 15 3 %\
[ IS
= =
S, 10— 2
E 5
£ 57 g
O
0 5
4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/27/2001 4/28/2001
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
4/28/01 - 4/29/01 Fine FGD / Insul
‘ —+— Total Outlet —— Total Inlet == |nj. Conc. ‘ =
~ 15 3 %
& A
S | RN NIV ) WV 1 2_5§
£ 10 MMM L - FRE
g’ Fine FGD - =
= ’:\ F15¢
o S
T 5 1 0
055
0 } : ‘ ‘ ‘ ‘ ‘ —F ‘ ‘ ‘ 0
4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/28/2001 4/29/2001
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
—+— Total Outlet —&—Total Inlet == |nj. Conc.

15 4 3 €
A ¢
= 252
Z P
\g, 10 3 2 <
= 158
T 5 1 O

i z
I + 0.5
0 ‘ ‘ ‘ — ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0

4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/29/2001 4/30/2001
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00



Gaston 3B COHPAC Long-Term Testing
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APPENDIX F

Bag Strength Tests
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Grubb Filtration 8006 Route 130 North

i
Testing Services, Inc. Delran, NJ 08075
; : Kk ¢ .
- WwwWWw.GFTS.com f TEL (856} 461-1800

FAX (8561 461-1613

FAX REPORT

- Date:  April 18, 2001 Total Pages: 3

i

\
:
l
?

- From: Theron Grubh Laboratury Report No. 3408

;
- Send To ... Nanje: Jean Bustard ee: Ramsay Czhang'u EPRI
. : Ken Cushing - SRI
Company: ADA-ES : i
i
Locaﬁqn: Littleton, CO

Fax Number:  303-732-0330 f

i

- Subject: Gaston Unit #3 COHPAC - Carbon InJectlon Test Program
Fabric Strength and pH Testing :
Purchase Order No, ES01-0073 ,
. 8ix (B) new Ryton felt bags, from the 1999 Midwesco repla%cemeﬁt set,
. were installed in the Unit #3 COHPAC baghouse at Gaston| Station on
'~ 2/27/01. Three bags each were installed in Row #14, Holes: #25-#27 in
bag bundles A20 and BZO One bag (Row l4, Hole 25) was qemoved from
each casing on April 5, 2001, after three weeks'of intermittent carbon
injection in Casing B and submitted by Southern ‘Research Instltute for
comparative fabric strength and pH testing only,

i
!

SUMMARY AND COMMENTS - i
: i

There was no Signlflcant difference between these bags in their appear-
ance, fabric strength, or fabric pH. The bags were im excellent
condition with no signs of wear, and the fabric strength was only
minimally lower than that of new fabrie, as would be expected after only
five weeks of service at Gaston. 3Both bags had a relatively thln layer
of grayish-tan ash on their external surface, and both were very clean
internally. Despite the carbom injectiomn, the dust cake on Bag B was
not significantly darker than on Bag A, but after vacuumlng, the
external fabrie surfaee of Bag B was slightly darker.
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1_Grubb Filtration Testiﬁg Services, Inc.
.- Laboratory Report No. 3408
. Page 2 '

Mullen Burst ff Fabric pH

| Sample f Average (psi, net) 3 (5g per'lOO ml)
New Fabric: ; é; '
© Average - _ 496 : Not Applicable
 Range - : (433 - 526) : w .
: : L 1
. . [ ;
Used Bag A : 451 2.95
- | | |
Used Bag B ? 469 3.08
' | |
i

: New Mullen burst data is from the fabriec QA testlng done for Alabama
" Power on this shipment of bags (GFTS Report No; 3082). Mullen burst
values for each used bag are averages of twelve readlngS, four each on
top, middle, and bottom sections.

A copy of Table 2 from GETS Report No. 3203 is attached for comparison
of the carbon injection test bags to the Gastom #3 OEM bags previously
tested. Note that the new Mullen burst of the OEM bag fabric averaged
only 433 psi (net), 12 7% lower than the replacement bag fabric.
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APPENDIX G

Coal and Ash Characterization Tests
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Coal and Ash Characterization Tests

The results of analysis of the solid samples from both Baseline and Long-Term sorbent injection
tests at Gaston Unit 3 are presented here. Highlights of the results are summarized as follows:

General Results of Coal and Ash Analyses

Characterization of the ash at Gaston Unit 3 consisted of preliminary TCLP testing for
acceptability to the plant, followed by comparative analyses for mercury, particle size
distribution and LOI on samples collected during testing. Since the ash at this site is
significantly smaller in quantity (COHPAC ash only) than ash from a full unit, and is
disposed of on-site in ash ponds for eventual landfill, analyses to determine the impacts
on byproduct use were not applicable and were not pursued. Leaching tests showed that
the ash/sorbent combination was below regulatory maximums.

The configuration of Gaston Unit 3 is such that the majority of ash is collected in the
Hot-Side Electrostatic Precipitator (HESP), while a small fraction is collected in
COHPAC. This splitting of the ash makes a mass balance (mercury in coal=mercury in
ash + mercury emitted) virtually impossible. No mass balance is attempted here, but
trends of LOI content, mercury content, and size of ash are noted. The variation in coals
fired at Gaston adds to the unpredictability of mercury concentrations in the ash.

Coal mercury levels correspond reasonably well with mercury levels measured at the
inlet to the HESP and the inlet to COHPAC. Results from analyses of coal grab samples
are used to project mercury emissions in the duct, and these are correlated with gaseous
sampling results. Those correlations are better in some cases than others. These
discrepancies may be caused by the difficulty of obtaining a time-representative coal
sample in a unit that fires a variety of coals. The time lag between coal sampling and
firing that coal may not correspond to the test period exactly, and as seen in S-CEM data
throughout this report, inlet mercury levels vary significantly with time. Samples were
taken from the coal bunkers as they were being filled, rather than from the feeders. This
means the time lag could be 18-24 hours between the sample time and furnace.

Baseline Testing

Significant variation in the coal properties (volatile matter, Hg content) occurred during
the baseline-testing period.

The total mercury at the COHPAC inlet as measured by the Ontario Hydro method
averaged 14.5 ug/Nm’® during a two-day period when the coal mercury as sampled
corresponded to 6.5 pg/Nm®. The prior day’s coal mercury corresponded to 16.4

ug/Nm’. During this same period the measurements taken by the S-CEMs showed 8 to
12.5 pg/Nm® of vapor-phase mercury. These results correspond reasonably well, but
point to the difficulty in obtaining representative coal samples for more-precise mercury
calculations.

The COHPAC A-side (control side) ash had 0.7-0.8 ppm mercury in comparison with
0.005-0.03 ppm mercury in the HESP ash during the baseline tests, indicating that
mercury is concentrated in the ash that is captured in COHPAC. The main characteristics
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Coal and Ash Characterization Tests

that may affect this difference in mercury capture are: temperature (about 255 F in
COHPAC compared with about 690 F in the HESP) and residence time.

Long-Term Sorbent Injection Testing

e The coal for the sorbent injection tests appeared to be similar to that burned during the
baseline testing.

e LOI was higher during these tests than the baseline series, with 11.8% average LOI in the
HESP and 14.5% average LOI in COHPAC A-side (control side). These values are both
several percentage points higher than LOI during baseline tests.

e The B-side (injection side) sorbent-ash mixture showed about 30 wt% LOI as compared
to ~15 wt% LOI in the A-side (control side) ash.

e Ash samples show significant data scatter between individual mercury analyses,
reflecting the difficulty of obtaining representative ash samples. Based on an average of
five samples, the sorbent-ash mixture from the B-side (injection side) hopper contains 50
times the mercury of the A-side (control side) hopper ash, indicating removal of mercury
by sorbent across the COHPAC. A-side ash averaged 0.8 ppm mercury, compared with
0.75 ppm during baseline tests. B-side ash averaged 41.8 ppm mercury.

Detailed Results: Baseline Testing

The baseline characterization test was carried out from 3/5/01 to 3/7/01. This involved coal
sampling, Ontario Hydro measurements at the inlet and outlet to the COHPAC baghouse, and
collection of ash samples from both the HESP hopper and the baghouse hopper (A-side). Table
1 summarizes the analysis carried out on the solid samples collected during this campaign.
Ontario Hydro results have been reported and described in the previous subsections of this
report. LOI measurements of ash were carried out at PSI, while Microbeam Technologies
carried out all other analyses.

Table 2 gives the results of coal analyses for the baseline testing. The plant burns more than one
coal, switching coals frequently. This may account for the large variation in the coal properties.
The coal is bituminous with about 14 wt% ash (as-received basis). The chlorine content is very
low for a bituminous coal (100-160 ppmw, dry basis). The mercury content varied between 0.06
and 0.16 ppmw (dry basis). The notable aspect of the coal data is that the coal properties
(volatile matter, moisture, mercury content) changed markedly between 3/5 and 3/6. As
mentioned above, these coal samples are a single grab sample taken from the coal bunkers, and
do not reflect a well-blended average of fired coal.
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Table 1. Analyses carried out on baseline solid samples collected 3/5/01 through 3/7/01.

Date/Time Sample

Sample Number Sampled Sample|  Unit Location Analysis Required
GAS00010 3/5/01 0:00 Coal 3 Coal Belt | Ultimate, Proximate, Hg, Cl
IGAS00014 3/6/01 0:00 | Coal 3 Coal Belt | Ultimate, Proximate, Hg, Cl
IGAS00011 3/6/01 15:00 | Ash 3 ESP 1st row Hg, LOI
IGAS00012 3/6/01 15:20 | Ash 3 BH A-side Hg, LOI
IGAS00019 3/7/01 0:00 | Coal 3 Coal Belt | Ultimate, Proximate, Hg, C1
IGAS00016 3/7/01 13:30 | Ash 3 ESP 1st row| Hg, LOI
IGAS00017 3/7/01 14:00 | Ash 3 BH A-side Hg, LOI
Table 2. Baseline coal sample results (as-received basis).
ADA Sample GAS00010 GAS00014 GAS00019
MTI Sample 01-057 01-058 01-059
Date/Time 3/5/2001 0:00 3/6/2001 0:00 3/7/2001 0:00

ULTIMATE ANALYSIS (As Received):

Carbon 65.31 71.54 73.21
Hydrogen 4.07 3.58 3.66

Oxygen 5.44 1.87 0.94
INitrogen 1.70 1.56 1.58

Sulfur 1.49 1.05 0.88
Ash 13.64 13.71 14.22

Moisture 8.35 6.69 5.51

Hg, pug/g 0.163 0.077 0.056

Cl, pg/g 148.47 88.64 133.68

HHV, Btu/lb 11,709 12,443 11,990

SO,, Ib/MBtu 2.55 1.69 1.47

Ash, 1b/MBtu 11.65 11.02 11.86

Hg, Ib/TBtu 13.93 6.19 4.65

Hg, ug/dnm3 (3%02) 19.09 8.38 591

PROXIMATE ANALYSIS (As Received):

Fixed Carbon 49.71 62.2 61.83

Volatile matter 28.3 17.4 18.44

Ash 13.64 13.71 14.22

Moisture 8.35 6.69 5.51
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As shown in Table 3, the Ontario Hydro measurements of total mercury at the inlet to the
COHPAC on 3/6 and 3/7 were from 13 to 17 pg/dscm. For 3/6 and 3/7, the coal analysis
indicated a total mercury concentration in the flue gas of 5-7 ug/dscm (calculated at 3% O), or
half of the Ontario Hydro measurement. On 3/5, the coal mercury was equivalent to 16 pg/dscm,
which was commensurate with the Ontario Hydro measurements (although one was not made on
that day). The lag time of firing bunker (sampled) coal may contribute to the difference between
coal and flue gas samples. S-CEM measurements showed total gaseous mercury concentrations
in the range of 8-12.5 pg/dscm at the inlet to the HESP. Since this range of gaseous mercury
concentration is similar to the total mercury based on the coal composition, there is reason to
believe that the total mercury at the HESP inlet was representative of the total mercury input to
the boiler.

Table 3. Total mercury in flue gas at COHPAC inlet: comparison of Ontario Hydro
measurement and calculation from coal composition

IADA Sample GAS00010 GAS00014  GAS00019

MTI Sample 01-057 01-058 01-059

Date/Time 5-Mar 6-Mar 7-Mar

Coal measurements

Hg, pg/dnm’® 3%0,)  16.35 7.55 5.45
Ontario Hydro measurements

Hg, pg/dnm’® (3%0,) 16.92 12.56

13.98

The LOI was measured for the HESP hopper samples and for the COHPAC hopper samples (A-
side). The HESP ash has a moderate carbon level (~7 wt% LOI) and the carbon content of the
ash increases to ~11 wt% LOI in the COHPAC ash. The apparent increase in LOI could indicate
that the carbon is concentrated in finer ash particles that are likely to escape the HESP but be
captured by the baghouse.

The mercury content of the HESP ash was generally low and this is supported by previous
measurements that showed almost no mercury in the particulate phase at the inlet to the HESP.
In contrast, the COHPAC ash had 40 to 100 times as much mercury as the HESP ash, reflecting
the effect of lower temperatures and longer residence times in the COHPAC unit as compared to
the HESP. Table 4 shows these results in detail.

Table 4. Ash analyses from baseline testing at Gaston Unit 3.

Hg, ng/g

Sample ID | MTI ID Date/Time  |Sample Location| (AR) |LOIL wt%
GASO00011 | 01-060 | 3/6/2001 15:00 ESP Ash 0.00546 7.1
GASO00012 | 01-061 | 3/6/2001 15:20 |[COHPAC, A-side| 0.672 11.8
GASO00016 | 01-062 | 3/7/2001 13:30 ESP Ash 0.0262 7.58
GASO00017 | 01-063 | 3/7/2001 14:00 [COHPAC, A-side| 0.83 11.2

Detailed Results: Long-Term Sorbent Injection Testing
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Sorbent was injected in April, 2001 at Unit 3 into the B-side of the COHPAC unit. No sorbent
was injected to the A-side of the baghouse, which served as an approximate control. Table 5
shows the solid samples collected and the analyses performed on them. Once again, LOI
measurements were made at PSI and Microbeam Technologies made all other measurements.
Particle size distribution (PSD) measurements were made using a Malvern analyzer. Leaching
tests were also performed on select samples.

Many standard leaching procedures exist. The procedure used most often is the toxicity
characteristic leaching procedure (TCLP). The method was designed to simulate leaching in an
unlined, sanitary landfill, based on a co-disposal scenario of 95% municipal waste and 5%
industrial waste. The method is an agitated extraction test using leaching fluid that is a function
of the alkalinity of the phase of the waste. Typically an acetic acid solution having a pH of 2.88
is used.

The synthetic ground water leaching procedure (SGLP) was developed at the University of North
Dakota Energy and Environmental Research Center (EERC) and was designed to simulate the
leaching of CUBs under important environmental conditions. It was initially used to characterize
highly alkaline CUBs, primarily fly ash produced from the combustion of low rank coals. The
procedure was modeled after the TCLP, but allowing for disposal conditions other than those of
a sanitary landfill. Deionized water is used as the leaching solution instead of the acidic
solutions used in the TCLP. The SGLP was designed primarily for use with materials such as
low-rank coal ash that undergo hydration reactions upon contact with water. Test conditions are
end-over-end agitation, a 20:1 liquid to solid ratio and a thirteen-hour equilibration time.

The coal analyses from 4/22 through 4/26 are given in Table 6. The coal is similar to the
baseline coal, resembling the 3/5 coal sample more than the 3/6 and 3/7 samples in terms of
volatile matter, mercury and chlorine content.
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Table 5. Analyses carried out on solid samples collected 4/22/01 to 4/26/01 on Gaston Unit 3

Sample ID MTI ID Date/Time Sample Analyses
GAS00125 01-112 4/22/2002 Coal Ult/Prox, Hg, Cl
GAS00144  01-116 4/24/2001 12:00 Coal Ult/Prox, Hg, CI
GAS00150  01-120 4/25/2001 12:00 Coal Ult/Prox, Hg, Cl
GAS00156  01-124 4/26/2001 12:00 Coal Ult/Prox, Hg, Cl
GAS00158 01-125 4/27/2001 12:00 Coal Ult/Prox, Hg, Cl
GAS00137  01-212 4/23/2001 Ash Hg, LOI, PSD
GAS00138 01-213 4/23/2001 Ash Hg, LOI
GAS00139  01-214 4/23/2001 Ash Hg, LOI
GAS00140  01-113 4/24/2001 11:40 Ash Hg, LOIL, PSD
GAS00141 01-114 4/24/2001 14:20 Ash Hg, LOIL, PSD
GAS00142  01-115 4/24/2001 12:20 Ash Hg, LOI
GAS00146  01-117 4/25/2001 10:40 Ash Hg, LOI, PSD
GAS00147  01-118 4/25/2001 15:15 Ash Hg, LOI, PSD
Hg, LOIL, TCLP,
GAS00148 01-119 4/25/2001 15:15 Ash SGLC, SAL
GAS00152  01-121 4/26/2001 13:10 Ash Hg, LOIL, PSD
GAS00153 01-122 4/26/2001 13:30 Ash Hg, LOIL, PSD
Hg, LOI, TCLP,
GAS00154  01-123 4/26/2001 13:30 Ash SGLC, SAL
GAS00173 01-211 4/22/2001 Ash Hg, LOI

Table 6. Sorbent injection campaign coal sample results (as-received basis).

IADA Sample GAS00125 GAS00144 GAS00150 GAS00156 GAS00158
MTI Sample 01-112 01-116 01-120 01-124 01-125
Date/Time 4/22/2001 12:00  4/24/2001 12:00 4/25/2001 12:00  4/26/2001 12:00  4/27/2001 12:00
ULTIMATE ANALYSIS (As Received):
Carbon 66.23 63.49 72.17 70.78 68.44
Hydrogen 3.30 321 343 3.23 3.61
Oxygen 493 4.63 3.40 3.77 4.03
INitrogen 1.38 1.26 1.51 1.46 1.45
Sulfur 1.34 1.12 1.24 1.11 1.36
IAsh 15.43 18.80 12.14 13.24 14.30
Moisture 7.40 7.49 6.12 6.41 6.82
He, pe/e 0.199 0.099 0.161 0.084 0.137
Cl, pg/g 211.42 248.45 132.81 111.65 140.77
HHV, BTU/Ib 11,650 11,174 12,389 12,332 11,963
SO,, Ib/MBtu 2.31 2.00 2.00 1.81 2.27
|Ash, Ib/MBtu 13.24 16.82 9.80 10.74 11.96
Hg, 1b/TBtu 17.09 8.86 13.03 6.82 11.45
Hg, pg/dnm’
(3%0,) 23.80 12.32 17.68 9.46 15.61
PROXIMATE ANALYSIS (As Received):
Fixed Carbon 50.57 49.85 56.95 56.52 51.94
Volatile matter 26.6 23.86 24.79 23.83 26.94
|Ash 15.43 18.8 12.14 13.24 14.3
Moisture 7.4 7.49 6.12 6.41 6.82
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Table 7. Mercury in flue gas at COHPAC inlet: comparison of S-CEM gaseous measurement
and total mercury calculation from coal composition and from Ontario Hydro measurement

IADA Coal Sample GAS00125 GAS00144 GAS00150 GASO00156 GASO00158

MTI Coal Sample 01-112 01-116 01-120 01-124 01-125
Date 19-Apr-01 20-Apr-01 21-Apr-01 22-Apr-01 24-Apr-01  25-Apr-01 26-Apr-01  27-Apr-01
Coal Analysis 23.80 12.32 17.68 9.46 15.61
OH (COHPAC In) 9.57 8.69 12.88

S-CEM 14.5 18 12 12 8 7 8

The coal analyses suggest a lot of variability in the coal mercury content from sample to sample.
The S-CEM and Ontario Hydro measurements also show considerable variation in the gaseous
mercury in the flue gas. Taken together, this suggests that there is considerable variability in the
mercury content of the coal, and that the gas phase mercury varies significantly from day to day.
This has implications for implementation of a future sorbent injection system with this particular
mix of coals.

The analyses of the ash samples are summarized in Tables 8 and 9 and on Figures 1 and 2. As
with the baseline samples, there was a slight increase in LOI between the HESP ash and the
COHPAC A-side ash, although the increase was not as large as that seen in the baseline testing.
The B-side ash, of course, was mixed with sorbent and showed an average of about 30 wt% LOL
It is not surprising, that the sorbent-ash mixtures from the B-side hopper contain 10 to 100 times
the mercury of the A-side hopper ash.

Table 8. Ash analyses from long-term sorbent testing at Gaston Unit 3.

Sample |Hg, pg/g| LOI,
Sample ID | MTI ID Date/Time Location (AR) wt%
GAS00173 | 01-211 4/22/2001 B-Side Ash | 51.8 35.8%
GASO00137| 01-212 4/23/2001 A-Side Ash | 3.08 16.2%
GASO00138 | 01-213 4/23/2001 A-Side Ash | 0.496 | 13.9%
GASO00139| 01-214 4/23/2001 B-Side Ash 52 34.2%
GAS00140| O01-113 14/24/2001 11:40{ ESP 1st row | 0.0024 | 10.38%
GASO00142 | 01-115 4/24/2001 12:20, BH B-side 53.3 130.55%
GAS00141| 01-114 4/24/2001 14:20] BH A-side 1.85 | 12.80%
GASO00146 | 01-117 4/25/2001 10:40, ESP 1strow| 1.33 | 13.07%
GAS00147 | 01-118 4/25/2001 15:15] BH A-side | 0.187 | 14.79%
GAS00148 | 01-119 4/25/2001 15:15 BH B-side 30.6 | 28.15%
GASO00152| 01-121 4/26/2001 13:10, ESP 1strow| 1.48 | 11.87%
GAS00153 | 01-122 14/26/2001 13:30] BH A-side | 0.267 | 14.66%
GASO00154| 01-123 4/26/2001 13:300 BH B-side | 21.7 | 20.70%
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Table 9. Summary of Ash Analyses.

Average LOI (%) Average Hg, ug/g

Location Sorbent Sorbent
Injection Baseline Injection  Baseline

COHPAC A-side 14.5 11.5 0.81 0.75
(control side) ash
COHPAC B-side (injection side) 29.9 N/A 41.8 N/A
ash + sorbent
HESP ash 11.8 7.3 0.94 0.016

Figure 1. LOI (wt%) in ash at various locations during Unit 3 long-term sorbent testing.
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Figure 2. Mercury content of ash as a function of LOI for Unit 3 sorbent testing.
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The high values of the mercury content of the ESP ash for the samples taken on 4/25 and 4/26
seemed inconsistent with the baseline (March) measurements of mercury in the HESP ash. The
April mercury measurements average an order of magnitude higher than the March
measurements.

There was some concern that the HESP ash samples from April could have been mixed up with
the COHPAC A samples, which had similar LOI values. Visual inspection of both kinds of ash
samples suggests that the ash samples are correctly labeled. As a final check on the identity of
the ash samples, particle size distributions were measured for the HESP samples and the
COHPAC A samples. These two classes of samples should have very different size distributions
and any mislabeling of samples should be readily apparent.

Figure 3 gives the mass distributions for the fly ash from the April sorbent testing program for
the HESP samples (140, 146, 152) and the COHPAC A-side samples (137, 141, 147, 153). As
one would expect, the ESP samples show a broad size distribution with 50% of the mass greater
than 10-20 microns. In contrast, the COHPAC baghouse samples show a more narrow size
distribution of smaller particles, with 50% of the mass less than 6-9 microns.

Based on particle size distributions, the ash samples appear to be properly labeled.
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Figure 3. Differential mass distribution for HESP and COHPAC A-side ash samples from April
testing.
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Should the high mercury contents of the HESP ash samples be believed? To perform a final
check on this, we attempted to do a rough mercury mass balance at the HESP inlet. Assuming
that 70% of the ash is present in the gas at the HESP inlet (an estimate provided by Larry
Monroe) and an efficiency of 98% for the HESP, the amount of particulate-bound mercury in the
gas-phase at the inlet to the HESP can be calculated, and compared with the Ontario Hydro
measurement; the latter should be a representation of the “in-flight” ash mercury content. This
calculation is shown in Table 10. The mercury content of the ash from the HESP hopper ash
sample is 200-500 times higher than the estimate of the mercury content of the Ontario Hydro
filter sample for two of the three days. While there is some uncertainty in the estimate of the
concentration of mercury from the Ontario Hydro filter, it is certainly not two or three orders of
magnitude. The discrepancy between mercury content of hopper ash and estimated in-flight ash
is a not as large, only 4 to 200 times larger.

If there is any native capture of mercury across the COHPAC baghouse, one would expect some
enrichment of the hopper ash in the baghouse relative to the incoming ash. However, the reasons
for the enrichment in the HESP hopper are not clear.

The conclusion is that measuring the mercury content of the hopper ash does not give a realistic
picture of the amount of mercury adsorption that takes place in the flue gas. The HESP is a
particularly challenging sample environment, with ash at hundreds of degrees and a sample
location available only at the bottom of the hopper. This limited sampling access results in a
grab sample that does not represent an average of the captured ash.
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Leaching Results

Leaching tests were also performed. Samples from Gaston’s COHPAC B hoppers were leached
at EERC using the standard TCLP procedure and also the synthetic groundwater leaching
procedure (SGLP). They were also subjected to sulfuric acid leaching (SAL) at a pH of 2,
following procedures similar to TCLP and SGLP. This is an extreme condition that might
simulate acid mine drainage. One duplicate measurement was made for the TCLP procedure and
one for the SGLP procedure. Table 10 gives the leaching results from EERC. With one
exception, all of the results (in terms of Hg in leachate) were below the detection limit of 0.01
mg/L. Compare this with the total mercury in ash, Table 9, which averaged almost 42 pg/g.

Table 10. Leaching results (EERC).

Inj.Rate Hg in Leachate (mg/L or ppbw)
Plant Sample Type | Location [lb/MMacf] TCLP SGLP SAL
Gaston | COHPAC Ash| B-Side 1.5 0.01 <0.01 <0.01
Gaston | COHPAC Ash| B-Side 1.5 <0.01
Gaston | COHPAC Ash| B-Side 1.5 <0.01 <0.01 <0.01

Conclusions and Recommendations:

Gaston Station burns different coals and changes coal frequently. The coal mercury content
varied in the long-term testing from 0.08 to 0.2 pg/g. If the plant continues to operate with such a
wide range of mercury contents, then effective mercury control can either be achieved by adding
enough sorbent for the maximum expected mercury content or by using a continuous mercury
monitor to determine the level of mercury in the flue gas and the amount of sorbent needed.

Measuring the mercury content of the hopper ash does not give a realistic picture of the amount
of mercury adsorption that takes place in the flue gas; either in the HESP or COHPAC baghouse.
Without a meaningful number for the mercury content of the hopper ash, it is not possible to do a
complete mercury mass balance around the plant.
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Table 10. Calculated concentration of Mercury in ESP ash and COHPAC Inlet Ash (at 6% O5)

4/24/2002 4/25/2001 4/26/2001
HESP Inlet
OH measurement:
Gas volume, dnm’ 1.6734 1.6760 1.7293
ug Hg on filter 0.7940 0.0407 0.1120
ug/dnm3 0.4745 0.0243 0.0648
Ash:
LOI 10.4% 13.1% 11.9%
Ash loading, g/dnm’ 15.5 9.1 10.0
Hg pg/g (OH) 0.0306 0.0027 0.0065
Hg pg/g (measured) 0.0024 1.3300 1.4800
COHPAC Inlet
OH measurement:
Gas volume, dnm’ 1.4680 1.4118 1.3977
ug Hg on filter 0.1640 0.5330 0.2100
ng/dnm’ 0.1117 0.3775 0.1502
Ash:
LOI 12.8% 14.8% 14.7%
Ash loading, g/dnm’ 12.4 7.5 8.2
Hg pg/g (OH) 0.0090 0.0507 0.0182
Hg ng/g (measured) 1.8500 0.1870 0.2670
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APPENDIXH
PART 1

Costs for Carbon Injection Equipment
Supplied by NORIT AMERICAS INC.



Client:

Client Location:

Owner:
Engineer:
Contract #:
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NORIT Americas Inc.

Most Choices + Precise Fit = Best Performance.

PROPOSAL

BENEFITS
NORIT AMERICAS INC. SILO STORAGE & AUTOMATIC FEED SYSTEM

SYSTEM FEATURE BENEFIT
TO Southern Company
PAC System Design from Worlds Largest e Experienced Team and Custom
PAC producer Design ensures reliability

e Complete turnkey installation

e The best system from the people
who know PAC the best

Automatic feed of PAC e Easy start-up

e Totally hands off operation which
is monitored by the operator

e Accurate PAC feedrate

¢ No operator handling or exposure
to carbon dust

Prefabricated Components e Fast Erection & Startup
e Minimized plant interruption.
Totally contained system e NO carbon mess

e Enhanced Reliability
e Improved safety from cleaner work

place
(Optional) Remote telemetry reorder e No emergency orders of PAC
$750 Adder e No danger of plant downtime from

loss of carbon feed

e No worry about when to reorder -
it's automatic

e Optimal inventory control
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NORIT Americas Inc.

Most Choices + Precise Fit = Best Performance.
CONTRACT

NORIT Americas Inc. (hereinafter referred to as “Seller’) does hereby propose to furnish to ADA
Environmental Solutions LLC (hereinafter referred to as “Buyer”), whose address is 8100 South Park Way
Unit B-2, Littleton, CO 80120 equipment and or activated carbon, as set forth below.

NORIT Bulk Storage and PAC Dosing System US$ 312,625.”

Including, but not limited to 14’ diameter PAC Storage Silo, Equipment Skid containing all equipment required
for a self contained metering and dosing system to convey PAC to two independantly controllable dosing points
at the rate of 30-750 #/hr., Prewired/Preprogrammed Control System panel, Level Indicators, Discharge Valve
and Flow Control System delivered to site ofr erection by others. As described in NORIT Proposal attached as
Exhibit A. FOB ExWorks.

Option | Accept | Decline Description Adjustment Price

mmoow >

All work to be completed in a workmanlike manner according to standard practices and will comply with all local
requirements for building permits and inspections. Any alteration or deviation from the above specifications
involving extra costs will be executed only upon written orders, and will become an extra charge over and
above the proposal. This proposal is valid for sixty (60) days from 20 May, 2003. Payment Terms 10% with
Order, 10% with Approval Drawings, 50% with notice to ship, 20% upon erection, 10% upon startup and owner

acceptance.
General Terms and Conditions on reverse shall govern
NORIT Americas Inc.
Dated 20 May, 2003 Authorized Signature

Authorized Signature

Acceptance of Proposal

The Above prices, specifications and conditions are hereby accepted. NORIT Americas Inc. is authorized to do the work as
specified. Payment will be made as outlined above.

ADA Environmental Solutions LLC

Date of Acceptance Signature

Signature
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I GENERAL TERMS & CONDITIONS

The following terms and conditions of sale ("Terms") govern all quotations, offers, purchase orders, order acknowledgements,
contracts, and deliveries for the sale and/or installation of all goods (the "goods") supplied by Norit Americas Inc. ("Seller") to
the purchaser thereof ("Buyer"). All orders by Buyer for goods are subject to acceptance by Seller at its office in Atlanta,
Georgia. Unless modifications or additions are expressly accepted in writing by Seller, these Terms are controlling and no
other, inconsistent or additional provisions shall be of any effect, unless accepted by Seller in writing. Seller's acceptance of
Buyer's order is expressly conditional on Buyer's assent to these Terms. These Terms and Conditions of Sale shall become
effective, and are accepted by Buyer, at the latest upon Buyer's receipt and use of all or part of the goods sold hereunder.

SCOPE. Seller's written quotation and order confirmation, if any, and these Terms shall be conclusive in determining the rights
and obligations of Seller and Buyer. Data, such as illustrations, drawings or specifications, shall be considered
approximations, unless Seller has specifically stated otherwise in writing. Seller reserves the right to make changes in design
and construction of the goods to be supplied, provided such changes do not impair the operation or durability of the goods and
do not alter the price.

PURCHASE PRICE AND PAYMENT TERMS. Buyer shall, without offset or deduction, pay the purchase price for the goods,
as well as all federal, state and local sales, use, excise or other similar taxes on the goods. Unless otherwise agreed in writing,
payment of the purchase price shall be net F.O.B. origin of shipment and payment shall be made by Buyer at the latest within
thirty (30) days from the date of Seller's invoice. On all amounts owed and remaining unpaid more than thirty days from the
date of Seller's invoice, interest will automatically accrue and be charged to Buyer without further notice at the rate one percent
(1%) per month (12% annually). In addition, Buyer agrees to pay all expenses of collection, including reasonable attorneys'
fees, if amounts owing by Buyer are collected by or through an attorney at law. Time is of the essence as to the payment
obligations of Buyer.

The terms of payment are subject to the approval of Seller prior to shipment, and Buyer agrees, with respect to its obligation
for payment, that (a) if, in Seller's judgment, Buyer's financial condition or other conditions do not justify shipment, Seller may
require full or partial payment in advance; (b) after the goods are shipped, it will pay to Seller the amount of the invoice in
accordance with the terms of payment stated thereon.

Buyer agrees that all changes which it may request after approval of drawings and settiement of design details are subject to
engineering charges and to factory charges on in-process work already completed and affected by the change. Such changes
are to be initiated in writing by Buyer and are subject to acceptance by Seller. Buyer agrees that the value of all change order
amounts is billable at 100% of face value due net 30 days.

PROPOSAL VALIDITY The price in this proposal is valid for 60 days from 20 May, 2003, after which time NORIT Americas Inc.
retains the right to review the individual items for price escalation.

DELIVERY. Unless otherwise agreed in writing, Seller will deliver the goods F.O.B. Seller's place of shipment upon receipt by
Seller of any agreed upon downpayment, other payments, and all documents, permits and data deemed reasonably necessary
by Seller for it to perform its contractual obligations. Partial shipments will be permitted and contract modifications will extend
time of delivery for a period of time appropriate to permit compliance with same. The times for shipment, delivery, and start-up
are Seller's best estimate and Seller will exert reasonable efforts to accomplish shipment, delivery, and start-up at such
estimated times. Shipment dates are not guaranteed and are not binding in the event of unforeseen circumstances, including
but not limited to acts of God, war, insurrection, labor disputes, delay of delivery of essential materials, and events beyond
Seller's control. In the event of cancellation, anticipatory repudiation, nonperformance, breach or default by Buyer prior to
shipment, Seller shall be entitled, without proof of actual damages, to liquidated damages equal to twenty-five percent (25%) of
the contract price in lieu of actual damages. It is agreed that the liquidated damages referred to herein are not established as
a penalty, but are calculated and agreed upon in advance based upon the difficulty, uncertainty and impossibility of
determining the actual and consequential damages which would be incurred as a result of such cancellation, repudiation,
nonperformance, breach or default by Buyer prior to shipment. This liquidated damages provision is not intended to apply to
nonperformance, breach or default of the contract subsequent to shipment, nor, at Seller's option, to cancellation, repudiation,
nonperformance, breach or default which gives rise to a remedy other than damages (such as specific performance), and
Seller retains every other remedy it may have in connection therewith. In the event of Buyer's breach at the time of or
subsequent to shipment, Seller shall be entitled to all reasonable attorneys' fees, collection costs, interest at the maximum rate
allowable by law on the unpaid balance due, and all other legal and equitable remedies.

RISK OF LOSS AND ACCEPTANCE. The risk of loss passes to Buyer at the time of delivery to carrier, irrespective of whether
Seller is required to render additional services under the contract, such as installation. Notwithstanding the passage of risk of
loss to Buyer upon delivery of the goods to the carrier, title of the goods shall remain in Seller until delivery to Buyer. In the
event of a delay in shipment for which the Buyer is responsible, the risk of loss passes to Buyer as of the date the goods are
ready for shipment. Buyer is required to accept delivery of all goods shipped, without prejudice to its warranty rights. Buyer
shall upon delivery receive, sign for and unload the goods and within seven (7) days of delivery inspect the goods, and shall
within fifteen (15) days of delivery give written notice to Seller of any claim that the goods do not conform or are otherwise
unacceptable. No attempt at notice of revocation of acceptance by Buyer shall be effective if not made in writing within fifteen
(15) days after Buyer discovers or should have discovered, whichever is earlier, the ground for such revocation. Buyer shall
make any claims in writing for shortage or error in filling its order within ten (10) business days after delivery of the goods.

SECURITY INTEREST. Until all amounts owed by Buyer to Seller with respect to the goods or services provided hereunder
and under any other transaction between Seller and Buyer are paid in full, Seller retains security title to the goods and Buyer
grants to Seller a lien upon and purchase money security interest in the goods under the Uniform Commercial Code all of
which shall continue notwithstanding any attachment or affixation of the goods to real estate and Buyer agrees to execute all
documents and to do and perform all other acts and things which Seller in good faith considers necessary, desirable or
appropriate to further establish, perfect or protect Seller's security interest and Buyer authorizes all present and future officers
of Seller to execute, and to file, in Buyer's name and on Buyer's behalf any and all financing statements, fixture filings or other
documents deemed necessary by Seller to accomplish same.

WARRANTY, DISCLAIMER AND LIMITATION OF REMEDIES. NORIT Americas, Inc., Inc. (Seller warrants that, for a period
of one (1) year from the date of start-up to the customers site, not to exceed eighteen (18) months after delivery to plant site,
those equipment, materials and workmanship described above for the intended normal use and service will be free from
defects in material and workmanship. Seller will assign to Buyer (to the extent assignable) all warranties or guarantees of
goods of manufacturer other than its own that it sells in connection with the setup and the use of its goods. Notwithstanding
the foregoing, Seller does not warrant against abrasion, corrosion or erosion. Seller's limited product warranty will not apply
unless Buyer gives written notice to Seller of the specific defect within five (5) business days of discovery and Buyer has met
its own obligations under the contract, including payment. Seller further warrants that those goods manufactured by Seller will
be designed and manufactured so as to perform the mechanical functions expressly set forth in Seller's written specifications
for the goods. This performance warranty shall be effective only if Buyer tests the goods promptly in accordance with the
scheduling as agreed to by the parties, if any, notifies Seller in writing of any deficiency in performance within seventy-two (72)
hours of the completion of such testing, delivers to Seller a written performance report within ten (10) days after the completion
of such testing, and has met its own obligations under the contract, including payment. Seller shall be deemed to have fulfilled
its performance warranty, if any, in the event that the applicable specifications can be achieved within 10% upon performance
testing. Buyer expressly acknowledges that reloading of materials is required periodically during operation and that such
requirement will result in discontinuous operation from time to time. Seller's warranties do not cover defects or deficiencies
due to or arising out of (1) normal wear and tear or improper, abnormal, or negligent handling, operation, maintenance,
overloading, or use; (2) improper foundation or installation, unless performed by Seller; (3) weather or other influences of
nature; (4) tampering, alteration, or repair by Buyer or third parties without the prior written consent of Seller. Seller does not
warrant components and parts not manufactured by Seller. Seller does not warrant services by anyone other than Seller,
unless such services are provided by an authorized agent of Seller, in which event Seller warrants that the service will be
performed in a workmanlike manner.

Buyer shall grant Seller a reasonable time and opportunity after Buyer's written notice to comply with warranty obligations and
Seller reserves the right to make adjustments and design modifications to the goods prior to initial operation and during the
warranty period to meet its warranties.

Seller shall absorb the costs of warranty repairs and replacements on an ex-works basis. Buyer shall be responsible for the
costs of warranty transportation of the goods, outside charges, "back charges" and the expenses of warranty disassembly and
installation. With respect to repaired or replaced goods serviced under Seller's product warranty, Seller's product warranty
shall apply for the longer of (a) the initial product warranty period then remaining as to the repaired or replaced goods or (b) six
(6) months from the date of notification by Seller to Buyer that the work has been completed, whichever is later. All replaced
goods shall be the property of Seller.

THE WARRANTIES SET FORTH ABOVE ARE THE SOLE AND EXCLUSIVE WARRANTIES AND ARE EXPRESSLY IN LIEU
OF ANY AND ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR ANY PARTICULAR PURPOSE, WHICH ARE HEREBY DISCLAIMED.

Buyer's sole and exclusive remedy for breach of warranty is limited to the repair or replacement at Seller's option of defective
or deficient parts. In the event Seller is unable or otherwise fails to repair or replace within a reasonable time, Buyer's sole and
exclusive remedy is limited to an amount not in any event to exceed the price actually paid for the goods upon return of the
goods to Seller.

Except where expressly acknowledged in writing by an executive officer of Seller, no person or entity other than a corporate
officer of Seller is authorized to assume for Seller any undertaking, obligation, liability, or warranty.

LIMITATION OF LIABILITY. Seller shall in no event be liable to Buyer for injury to persons or damage to property arising out
of or in connection with the sale, delivery, assembly, disassembly, repair, use, installation, or employment of the goods,
whether arising from any claim based upon contract, warranty, tort, products liability, strict liability, failure of essential purpose,
or any other legal or equitable theory, for any amount in excess of the amount actually paid by Buyer to Seller for the goods.
Except, however, in no event shall Seller be liable to Buyer in any manner for any special, indirect, incidental, or consequential
damages including but not limited to damages or losses arising out of shut-downs, inoperability of the goods, operating labor,
overhead, loss of production or raw materials, production of below-standard products, or loss of profits, whether arising from
contract, warranty, tort, products liability, strict liability, failure of essential purpose, or any other legal or equitable theory.

INSTALLATION. If the contract provides for installation by Seller, Seller will commence such installation after the site has
been made ready, foundations have been completely dried and set, and all construction and preliminary work has been entirely
completed. Unless otherwise agreed, installation of the goods and all outside charges and "back charges" shall be carried out
at the expense and risk of Buyer. If the contract requires Seller to install the goods and to provide labor, the labor supplied by
Seller shall not be required to work overtime or to provide services except as expressly required under the contract, unless
Buyer agrees to pay for such additional work against a separate invoice. Trial operations, performance testing and start-up
shall be performed during normal working hours and operating materials shall be paid for by Buyer.

CONFIDENTIALITY. Seller retains ownership of and all intellectual property rights in and to all information, quotations,
drawings, and documents (collectively "the property") furnished by Seller or produced in the performance of this contract.

SECRECY All documents and information made available by either part to the other will be treated as confidential and used
exclusively in cooperation with each other for the construction of the plant. NORIT Americas Inc. will abide by all requirements
outlined in the previously signed Confidentiality Agreement.If documents and information are transmitted to third parties with
the permission of the originator of such documents and information, it will be made binding on such third parties not to disclose
documents or information received. If Client deems it necessary, confidentiality agreements will be placed with said third party.

CHOICE OF LAW AND JURISDICTION. The interpretation and enforcement of these Terms shall be exclusively governed by
and construed in accordance with the substantive laws of Georgia without giving effect to the choice of law principles thereof.
Buyer and Seller hereto specifically consent to jurisdiction in any federal or state court within Georgia, which courts shall
together constitute the exclusive forum in which disputes under or in connection with this contract are to be resolved. Buyer
specifically submits to personal jurisdiction and waives all objections to jurisdiction and venue and waives any claim of forum
non conveniens and specifically consents to venue and jurisdiction in the state and federal courts of Georgia for any action
instituted pursuant to this contract. Except, however, nothing contained herein shall prevent Seller from bringing any action or
exercising any rights within any other state or other jurisdiction against Buyer and against the collateral and any properties or
assets of Buyer as to any legal claim arising in connection with these Terms.

INFRINGEMENT. If notified promptly in writing of and given sole control of the defense, Seller shall indemnify and hold Buyer
harmless from and against claims that the goods themselves infringe a Unites States patent. Buyer, however, shall defend,
indemnify and hold harmless Seller from and against any loss, liability, claim or expense (including reasonable attorney’s fees)
arising out of a claim of patent or other intellectual property rights infringement made in connection with Buyer’s business, its
methods, systems or processes; except, there shall be no indemnity by Buyer where Seller’'s good are the sole cause of such
claim.

MISCELLANEOUS. Buyer shall use and shall require its employees and others coming in contact with the goods to use safety
measures and devices. Buyer shall provide proper warnings and use and require its employees and others coming in contact
with the goods to use safe operating procedures around the goods and in operating the goods. Buyer specifically agrees to
maintain the goods in compliance with all laws and regulations of any and all government agencies or authorities having
jurisdiction with respect to the installation and use of the goods. Seller makes no representation that the goods do or will
comply with any law, code, regulation or order of any authority or other governmental body and Seller does not undertake or
have any obligation to obtain permits, licenses or approval from said authority or governmental body concerning the goods. If
Buyer breaches any of the agreements or undertaking in this Agreement, Buyer shall indemnify and save Seller harmless from
and against any claim, loss, liability, obligation or judgment, including expenses of litigation and reasonable attorneys' fees,
incurred by Seller arising out of or in connection with injuries to person or damage to property directly or indirectly related to the
purchase, installation, use or operation of the goods. Buyer further agrees to notify Seller promptly in writing, but in no event
later than thirty days of any accident or malfunction involving the goods, which results in personal injury or damage to property
and to at all times cooperate fully with Seller and others in investigating and determining the causes of such accident or
malfunction.

This contract shall be binding upon and inure to the benefit of the respective successors and assigns of each of the parties
hereto, but shall not be assigned by Buyer without the prior written consent of Seller.

Seller's waiver of any breach, or failure to enforce any of the terms and conditions of this contract at any time, shall not in any
way affect, limit or waive Seller's right thereafter to enforce and compel strict compliance with every term and condition hereof.

Buyer shall reimburse Seller for all excise, use or sales taxes, or other charges which Seller may be required to pay to any
government (national, state or local) upon, or measured by, the sale, transportation or use of any goods sold hereunder. Seller
may at its option add to the price of goods sold hereunder the amount of any increase in transportation charges for shipments
to Buyer.

All provisions of these Terms are severable and divisible and if any term or provision of the contract should be held invalid or
unenforceable for any reason, such term or provision shall be void to the extent of such invalidity or illegality, without invalidat-
ing any of the remaining Terms. The headings contained herein are for convenience of reference only and shall not affect the
meaning or interpretation of these Terms.

In the event that NORIT Americas, Inc. should be delayed in the completion of the work by reason of any act or omission of the
purchaser or another contractor employed by the purchaser, the period within which the work is to be completed under this
contract will be extended for the period resultant from such delay.

These Terms and the documents consistent with and governed by these Terms constitute the entire agreement and under-
standing between the parties with respect to its subject matter and shall not be modified or amended except by express written
amendment signed by the duly authorized representatives of the partie
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I INTRODUCTION

The NORIT Americas, Inc. silo storage and flue gas dosing system is the
result of many years of experience in the design and installation of
powdered activated carbon (PAC) dosing systems worldwide, as well as the
experience gained by being one of the largest manufacturers of activated
carbons in the world.

NORIT Americas Inc. proposes to design and supply a clean, reliable
dosing/injection system, that will receive, store and feed bulk Powdered
Activated Carbon (PAC) into the flue gas stream of a coal fired power boiler
at the Gaston Plant of Alabama Power.

! DESCRIPTION OF THE SYSTEM

The NORIT bulk silo storage and feed system will receive bulk PAC in
40,000 pound batches, delivered by tanker trucks. The PAC is unloaded
pneumatically into a dry welded steel storage silo where a combination of
specially designed air fluidization valves and nozzles, located in the conical
discharge section of the silo, pulse compressed air into the bulk of the
carbon, promoting mass flow out of the flanged discharge connections.
NORIT takes advantage of the natural tendency of fine powders to flow with
liquid-like properties when fluidized by a gas, normally air, to move the PAC
within the system. By separating the individual carbon particles with a gas,
the normal resistance to bulk flow is greatly reduced and the carbon can
easily be moved from the silo into the metering equipment.

Fluidized PAC is fed from the silo by a rotary valve into a volumetric feeder
hopper where it is temporarily stored until conveyed by the feeder screw into
the drop tube. The amount of carbon discharged from feeder is directly
proportional to the speed of the feeder screw and an adjustable speed drive
motor allows a wide range of carbon delivery rates from the screw. Carbon
is fed through the drop tube directly into the eductor inlet, located below the
feeder discharge.

The passing of motive air through the eductor nozzle produces a vacuum in
the eductor inlet, which helps draw the carbon and air into the mixing zone
directly downstream of the mouth. The carbon is transported through the
piping system and is injected through a nozzle into the boiler exhaust gas
stream.

A programmable logic controller (PLC), with input from remote sensors,
controls the sequences of events throughout the system and also provides
alarms and interlocks to annunciate problems and protect the system. The
system is configured to feed a constant pounds per hour of carbon or to
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follow an analog signal provided by the customers equipment. During
normal operation, operator attention is not required, as the system operates
automatically once the mode of operation and the feed rates have been
selected.

The equipment/system proposed will require a dry compressed air supply, a
480 VAC power supply and injection piping interfaces. All system
components will be located under or attached to the storage silo, on the
storage silo top deck and in the Power and Control Building. The footprint
of the PAC storage silo will be 14 feet in diameter and will require an
adjoining area for spotting a pneumatic road tanker for carbon filling. The
footprint of the Power and Control Building will be 8 feet by 10 feet. This
building will house the Motor Control Center, the Control Panel and the air
storage tank.

L SCOPE OF WORK
NORIT Americas Inc. proposes to provide the following management,
design, equipment, installation and support:

A. MANAGEMENT, DESIGN & SUPPORT

1. Project Management

NORIT will provide the services of a Project Manager to oversee
the complete project including the following activities:

a. System design.
Project scheduling.
Project submittals.

o oo

Coordination between the Purchaser and NORIT for system
details.

Equipment Procurement.
Supervision of fabrication shop for sub-assembles.
Technical support during equipment installation.

> @ — o

System start-up.
i Development of the system O&M Manuals.

2. Design
NORIT will provide the following design documents and drawings:
a. General arrangement drawings.
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@ m o oo T

—

Piping Instrumentation Diagram.

Mechanical Design/Layout Drawings.

Electrical Schematics.

Point to point wiring diagrams.

Interconnect Diagram & Conduit Routing

Allen Bradley PLC Ladder Logic Diagrams.

I/O List.

Equipment List.

Motor data sheets.

Foundation Loadings provided by the Silo Manufacturer.

3. Submittal

NORIT will provide four (4) copies of the following drawings and
information, as a minimum, to the Purchaser for approval prior to
purchase of equipment.

S@e@ ™~ 0o a0 T o

Written Description of System Operation.
Project Schedule.

System P&ID’s.

System General Arrangement Drawings.
System Plan Drawings.

Electrical Schematic Drawings.

Control Panel Layout Drawings.

PLC Ladder Logic.

Equipment Cut Sheets.

4. O&M Manuals

NORIT will provide four (4) copies of the O&M manuals prior to
installation of the equipment and will provide as-built drawings
upon completion of the project. The O&M Manuals will contain,
as a minimum, the following information:

a.
b.
C.

Written Description of System Operation.
System P&ID’s.
System General Arrangement Drawings.
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B.

System Plan Drawings.

Electrical Wiring Diagrams.

Control Panel Layout Drawings.

PLC Ladder Logic.

Equipment Operation & Installation Manuals.

@ ™o o

Silo Design Drawings & Foundation Loading Calculations.

5. Installation, Start-Up and Training Services

NORIT Americas will provide the services of the Project Manager
for a period of two (2) weeks to assist the purchaser and his
contractor with the installation of the equipment and to provide
start-up services and operator training. Additional days on-site at
the request of the purchaser will be billed at the standard rate of
$750 per day plus living and travel expenses.

CIVIL/STRUCTURAL

1. Storage Silo and Building Foundations

NORIT will provide the storage silo design loads to allow the
Purchaser to design and install a suitable foundation for the PAC
storage silo. NORIT will also provide the Power and Control
Building loads to allow the Purchaser to design and install a
suitable sub-base or foundation.

2. Power and Control Building

NORIT Americas will provide a concrete Power and Control
Building that houses the Motor Control Center and the Control
Panel. This building will have heating and air conditioning and will
also contain the air storage tank.

3. Equipment Support Structure

The PAC feed equipment, blower, associated piping and
instruments will be mounted on support skids fabricated from 3” A
500 square tubing with base plates for anchoring. The structural
members will be of sufficient size to support the equipment
without excessive deflection or vibration.

All external carbon steel surfaces will be blasted per SSPC SP6
commercial blast to obtain a 1.5 mil average profile, prime coated
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C.

with Sherwin Williams Epoxy Mastic Aluminum Il B62 S 100/B60
V 100 Primer (6.0 mils DFT) and finish coated with Sherwin
Williams Aliphatic Polyurethane B65 T 104/B60 V2 (3.0 mils DFT)
in “safety” blue.

MECHANICAL EQUIPMENT

1. Storage Silo

A welded carbon steel silo with support legs and load cells will be
provided to receive and store the bulk PAC. The silo will be 14
feet in diameter with a working capacity of approximately 2,900
cubic feet. The silo deck will be sloped ten (10) degrees for
drainage. The silo will be fabricated with a two (2) cone bottom,
each with a 60 degree minimum slope. Each discharge cone will
be fitted with a short section of 8” nominal pipe and an 8” flange

The silo will be designed to meet the most stringent of the
following conditions:

a. Perthe Uniform Building Code, latest edition.

b. A weight of 35 pounds per cubic foot for the material
contained within the silo.

Transportation, handling and erection loads.

To support a 300 pound person walking on the roof and
platform surfaces, in addition to the dead load weight of all
equipment and appendages.

e. Alive load of 50 psf on the roof area and 100 psf on walking
surfaces.

Anchor bolts will be designed and provided by the silo
manufacturer.

The silo will be equipped with a 4” nominal, schedule 40 fill line,
with a 48" radius elbow, which enters the silo tangentially,
reducing dusting and lowering the demand on the silo vent filter.
The fill line will be supported by brackets attached to the silo shell
and will be equipped with a 4” male camlok fitting & cap located
approximately 472" above grade for the truck hose connection.

The silo roof deck will be equipped with a bag type vent filter for
cleaning the conveying air from the delivery tankers, a 24
pressure and vacuum relieving manway, and a reflex-radar level
transmitter to measure PAC Level.
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The silo will be equipped with three (3) each 1'%” half couplings
located in the sidewall for three (3) point level switches to monitor
PAC level.

Each silo discharge pipe will be equipped with one (1) each 1”
half coupling and each outlet transition section will be equipped
with two (2) 1” half couplings to accommodate fluidizing nozzles.
The upper silo discharge cone section will also be equipped with
eight (8) each 2” half couplings to accommodate additional air
fluidization nozzles near the circumference of the cone.

The silo will be primed with a polyamide epoxy primer over a
commercial SSPC SP-6 blast on the exterior surfaces and inside
the skirt. The exterior will be coated with an acrylic enamel
topcoat of a color chosen from the manufacturer's standard color
chart. The silo top deck will be painted with a Ferrox non-skid
coating.

The silo will be skirted with structural steel legs and load cells
such that the weight of the PAC remaining in the silo can be
measured at all times. The load cells will feed a weigh-indicator
mounted in the Control Panel. The Weigh-Indicator will also
provide input to the Allen Bradley PLC System.

A galvanized carbon steel OSHA approved ladder with integral
safety cage and intermediate landing will be provided for access
to the silo top deck, which will be enclosed with handrail and toe
plate. The handrail will be aluminum pipe supported from
galvanized carbon steel angle posts with galvanized steel
toeboard.

Electrical Equipment installed under, on the side and on top of the
silo will be suitable for use in Class Il Division 2 Group F
Environments.

2. Silo Vent Filter

A self-contained bag-type (Flex Kleen model 58BVBS-25 or
approved equal) bin vent filter will be provided and mounted atop
the PAC storage silo. The dust collector will be oriented to allow
easy operator access of the filter elements for routine
maintenance. The dust collector will be designed to provide a
3.3:1 air-to-cloth ratio based on 600 cfm of air volume from the
truck mounted blower. The filter bags will be fabricated from 16
oz woven polypropylene material and will be 58 inches long.

The filter bags will be cleaned by a reverse pulse air jet type
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cleaning system which will require approximately seven (7) scfm
of compressed air at 100 psig when operating. The vent filter
timer board, which actuates the solenoid valves, will be located
within a NEMA 4X enclosure mounted on the filter house. The
unit will primed and finish painted safety blue and will be flange
mounted on the storage silo roof.

A Dwyer Series 1950 differential pressure switch and a Dwyer
Series 2000 Magnahelic differential pressure indicator will be
provided to monitor the pressure drop across the filter bags. An
Off/Hand selector switch will be provided to control the filter bag
cleaning cycle. The time between air pulses and the duration of
the pulses are adjustable.

The particulate matter concentration in the effluent gas of the dust
collector will not exceed an average of 0.02 grains per actual
cubic foot. The guarantee is based on particles two microns and
larger in diameter and on the equipment being properly installed
and maintained according to the standard Flex Kleen instructions.

Manual Knifegate Valve

Each silo discharge cone will be equipped with an 8" DeZurik
manual knifegate valve to isolate the PAC storage silo from the
feed system below. All wetted parts will be of stainless steel
construction.

Rotary Valve

Each silo discharge cone will be equipped with an 8" Rotolok
Industries HD8 (OAE) rotary valve to control the flow of fluidized
PAC from the silo into the volumetric feeder hopper. The valves
will be constructed of cast iron with 8" ANSI flanged inlet and
outlet connections and a closed rotor with a minimum of six
pockets. The valves will feature externally mounted bearings to
separate the product from the bearings. The rotary valve will turn
at approximately 10 revolutions per minute, providing a theoretical
maximum PAC feed rate of 110 cubic feet per hour to the
volumetric feeder hopper. The unit will be located between the
knifegate valve and the expansion joint. Each rotary valve will be
driven by a 1/2 hp 480/3/60 single speed TEFC motor. The motor
will be coupled to a gearbox that drives the valve rotor through a
chain and sprocket arrangement encased inside an OSHA
approved guard.
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Volumetric Feeder

Two (2) Acrison model 105Z auger type volumetric feeders,
designed to deliver between 30 and 750 pounds per hour of PAC,
will be provided to meter the PAC from the feeder hopper into the
drop tubes. Each volumetric feeder will be equipped with an
eleven (11) cubic foot stainless steel supply hopper with two (2)
level switches for level control. All wetted surfaces of the feeders
and the supply hoppers will be fabricated from stainless steel.

Each unit will be driven by a 1 hp variable speed DC motor and
controlled by a Contrex M-Drive microprocessor controller located
in the door of the main control panel. The digital speed controller
will allow a 25:1 turndown ratio providing a wide range of dosing
levels. The feeder controllers will be programmed to allow
feeding of the carbon at a constant rate in pounds per hour or to
follow a 4-20 mA analog signal from a remote location.

Drop Tube

A removable drop tube or hose will be installed between the
volumetric feeder outlet and the inlet to the eductor. The drop
tube is removed for calibration of the PAC Feeder.

Blower Package

Two (2) pneumatic motive air blowers: One (1) each blower
installed on each feeder skid located under the silo. The blower
will be a regenerative type Siemens blower, driven by a 460/3/60
TEFC motor operating at 1800 rpom. The drive motor will be direct
coupled to the blower.

Each blower package will be mounted in a structure fabricated
from carbon steel and will be equipped with an inlet silencer,
pressure relief valve, pressure gauge and expansion joints.

Each blower will provide sufficient volume and pressure to
maintain the minimum velocity to keep the PAC in suspension for
a distance up to a maximum of 200 feet with an elevation change
of 100 feet.

The sound level will not exceed 85 dBA at 3 feet from a single
blower operating alone.

A Dwyer 3330 WP pressure switch will be used for sensing high
and low pressure signals.
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8.

1.

10.

11.

Eductor

A 2” hardened carbon steel eductor will be installed at the outlet
from the drop tube to convey the carbon/air mixture to the
injection point.

Piping
Motive air piping from the blower to the eductor will be 12"

nominal schedule 40 304 stainless steel pipe with screwed
fittings.

Carbon transfer piping or hoses from the eductors to the injection
nozzles will be 2" and will be supplied by the Purchaser.

Compressed air piping from the Plant to the fluidizing system and
to the silo vent filter will be ASTM B-88 Type K hard drawn copper
pipe with solder joint fittings. The Purchaser will supply this
piping.

Air fluidization tubing between the air fluidization solenoid valves
and the air fluidization nozzles will be poly tubing with
compression type fittings.

Air Receiver

One (1) air receiver will be provided to reduce the surge demand
from the compressed air users in the system. The vessel will be
60 gallons rated for 200 psig @ 80°F. This receiver will have an
ASME 'U' stamp, automatic drain valve, pressure switch, pressure
relief valve and pressure indicator. The vessel will be primed and
painted safety blue.

Air Fluidization Nozzles

Air fluidization nozzles will be placed in strategic locations on the
silo discharge cones in the silo under-skirt area. The type and
placement of fluidizing nozzles acts to promote reliable mass flow
of the PAC from the silo.

D. POWER DISTRIBUTION

The PAC system 480 volt power distribution devices will be
contained within a Motor Control Center (Allen Bradley Bulletin
2100 or equal MCC), including a main disconnect breaker,
individual breakers, motor circuit protectors, motor starters and
overloads. The MCC will also house the control power
transformer and distribution panel for the PAC System.
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1.

A main disconnect breaker will be provided in the power panel
which will be utilized to protect and to de-energize the complete
PAC system electrical system.

A motor circuit protector, a NEMA starter and solid state overload
protection will be provided for each 480 volt AC motor.

A 480 volt AC to 120 volt AC transformer will furnished to provide
120 volt AC control power. The transformer will be rated at 15
KVA.

The 120-volt AC distributions panel will have a main breaker and
individual single-phase breakers to feed the various control power
loads.

E. CONTROL PANEL

The PAC system PanelView (HMI or Operator Interface), PLC,
PLC power-supply, manual control devices, feeder speed
controllers, control relays, terminal blocks, emergency stop
buttons and feeder control switches will be contained within the
control panel. All system equipment can be controlled manually
from the main control panel.

Control wiring philosophy will meet the following requirements:

a. The control wiring philosophy will be such that all field
control devices utilize normally closed contacts during
normal operating condition.

b. A contact opening or an open circuit will result in an alarm
condition for the specific device.

c. Loss of power to a control device will result in an alarm
condition.

F. PANEL FEATURES

The power panel and control panel will be provided with the following
items and/or features:

Panels will be constructed of 304 or 316 stainless steel and rated
NEMA 4X.

The main control panel will contain a fluorescent work light and 15
amp 120 Volt GFI convenience receptacle.

Terminal blocks will be provided for termination of all “field run”
cables.
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All PLC inputs and outputs will be wired to fused terminal blocks
equal to Allen Bradley 1492-H6.

Terminal blocks for voltage of 120 volts and less will be equal to
Allen Bradley 1492-W10 unless specified otherwise.

All selector switches, pilot lights, push buttons and other devices
that are visible on the front of the control panels will have
Lamacoid nameplates, which are white with black letters.

All wiring will be installed in Panduit or similar wireways and
separate into categories (i.e., 480 volt power, 120 volt control,
etc.) to the extent practical. AC or DC power wiring will not run in
any raceway with any type instrument wiring. Wiring will be
protected across panel hinges. All terminal strips for all wiring
terminations will be numbered.

Wiring will be stranded copper, 600 volt, THHN insulated, extra
flexible type. As a minimum wire size will be #12 AWG for all
power wiring, #16 AWG for all control wiring and #18 AWG
twisted shielded pair for analog signal conductors. Wiring will be
color coded as follows:

a. Ground wiring will be green.

120 volt ac and 480 volt ac wiring will be black.
Neutral wiring will be white.

120 volt ac control wiring will be red.

®© o0 T

24 volt dc control wiring will be brown positive and orange
negative.

f. 90 volt dc power wiring will be blue.

Wiring at all terminals within panels, junction boxes, and field
devices will be numbered with shrink fit, machine printed labels.

G. ELECTRICAL COMPONENTS

480 Volt Circuit Breakers: Molded case, thermal magnetic,
minimum interrupting capacity of 10,000 amperes symmetrical at
480 volts AC. Acceptable manufacturers are Allen Bradley,
General Electric, Siemens, Square D, or Cutler-Hammer.

Motor Circuit Protectors: 480 volt AC, three (3) phase, NEMA
rated, motor circuit protectors for all 480 volt motors. Acceptable
manufacturers are Square D or Cutler-Hammer (Westinghouse).

Starters: 480 volt AC, three phase, NEMA rated, with solid state
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overcurrent protection in each phase. Acceptable manufacturers
are Allen-Bradley, Square D, General Electric, or Cutler-Hammer.

Power Distribution Blocks: Allen Bradley 1492-PD, Square D type
LB or llsco type PDB.

120 Volt Circuit Breakers: Allen Bradley 1492-CB,

Control Relays: Allen Bradley type HA, Potter Brumfield type KRP
or Square D type KP.

Selectors and Push buttons: 30.5 mm, heavy duty, NEMA 4X
rated; contacts rated 10 amps continuous, 6 amps break at 120
VAC, equal to Allen-Bradley Type 800H.

Indicating Lights: 30.5 mm, heavy duty, NEMA 4X rated, 6 volt
transformer type , equal to Allen-Bradley Type 800H.

Raceway: Galvanized rigid steel conduit, 3/4” minimum nominal
diameter.

H. CONTROL COMPONENTS.

Programmable Logic Controller and Panel View (HMI)

A single PLC will be provided to control and monitor the PAC
systems. A minimum of 10 percent spare memory capacity, a
minimum of 10 percent spare I/O points, and interposing relays
for external status/control signals will be provided. Complete
software documentation including a ladder logic diagram printout
with a complete set of comments and a narrative description of
the sequence of operation will be provided. The PLC will be
manufactured by Allen-Bradley and will be a Model SLC 5/04.
The PanelView 1000 will have a color display and will also be
manufactured by Allen-Bradley.

Feeder Speed Controller

The screw drive for each of the volumetric feeders will be
controlled by a digital microprocessor controller providing finite
local adjustment of the PAC feeding rate over a range of 5 to 100
pounds per hour. Based on the system operating mode, the
controller will maintain a constant feedrate or will follow a 4-20 ma
signal provided by the Purchaser. The feeder microprocessor
controller will be a Contrex M-Drive.

Fluidizing Solenoid Valves

Solenoid valves will be brass body, soft-seated, with 120V AC
solenoid coil. Solenoid operators will be molded coil in NEMA 9
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explosion proof enclosure. Maximum operating pressure
differential capability will be 100 psig. Solenoid valves will not
require a minimum pressure to either open or close. Valves will
be two-way, energize-to-open. Valves will be ASCO Red Hat or
approved equal.

Point Level Switches

Seven (7) Bindicator point level switches will be provided to
control the volumetric feeder hopper fill cycles and to provide
storage silo level indication on the main control panel. The units
are of the tuning fork type and have local indicating LED lights to
indicate when the switch is energized and the state of the switch.
The units mount through 1°%" half couplings and are easily
removable for servicing. The units will be oscillating tuning fork
type, of stainless steel construction, Bindicator Pulse Point model
LPI-1-A-1-X-A-20-0.

Pressure Switches

The silo vent filter differential pressure switch will be a Dwyer
series 1620. The eductor discharge pressure switch will be a
Dwyer series 3000 Photohelic. The compressed air pressure
switch and the motive air pressure switch will be Ashcroft B
series, Square D Class 9012, or Allen Bradley Bulletin 836.

MONITORING DEVICES.
Continuous Level Sensor

A Krohne Reflex Radar level transmitter will be provided to
continuously measure and display the level of the carbon within
the silo. The transducer will be mounted on a 4” nozzle located in
the center of the storage silo roof. A 4-20 mA signal will be
provided to the PLC and level indication will be provided on the
PanelView.

Differential Pressure Switch

The differential pressure across the silo vent filter will be
displayed continuously at the vent filter by a Dwyer Magnahelic
Series 2000 differential pressure indicator.

Pressure Indicators

Pressure indicators will be Bourdon tube type with solid front,
phenolic plastic case and 4-1/2 inch dial. Indicators will be
Ashcroft Duragauge Style 1279 or approved equal.
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1.

Silo Weight Indicator/Transmitter

A BLH LCp-100 Weight Indicator/Transmitter and four (4) BLH Z-
BLOK Weigh Modules will be provided to continuously monitor the
weight of the carbon in the storage silo. The Weight Indicator will
be mounted in the Control Panel in the Power and Control
Building. A signal from the Weight Indicator will be provided to
the PLC and will also be indicated on the PanelView.

J. STATUS LIGHTS

The following status lights will be located on the Motor Control
Center for each individual feeder/eductor train:

a. Red - Blower Running.

b. Green — Blower Off.

c. Red - Rotary Valve Running.
d. Green — Rotary Valve Off.

The following silo alarm lights will be located on the Silo
Unloading Panel:

a. Amber - Silo Level High - Stop Fill.

b.  Amber - Silo Level Low - OK to Fill.

c. Amber - Compressed Air Pressure Low — Stop Fill.
d. Amber - Silo Filter DP High — Stop Fill.

K. CONTROL SWITCHES

The following control switches will be located on the control panel:
a. Emergency Stop pushbutton for each Feed System.
b.  Hand/Off/Auto Control switches for each Feeder.

The following control switches will be located on the Motor Control
Center:

a. Hand/Off/Auto Control switches for each Blower.
b. Hand/Off/Auto Control switches for each Rotary Valve.

The following control switches will be located on the Silo
Unloading Panel:

a. Off/Hand selector switch for the Vent Filter on the
silo.
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L. CONTROLS AND INDICATORS

1. The following controls and indicators will be located on the control
panel:

a. Contrex M-Drive microprocessor speed controller for each
Feeder

b. BLH Weigh Indicator to indicate the PAC weight remaining.

IV SYSTEM OPERATION

The PAC dosing system will consist of three (3) independent control loops:
(1) silo level monitoring and filling; (2) feeder hopper level monitoring and
filling and (3) carbon feed/injection.

A. SILO LEVEL MONITORING AND FILLING.

1. The PAC level in the silo will be monitored continuously
by a reflex radar level transmitter. The level signal will be
provided to the PLC and PanelView. The silo weight will also be
monitored continuously by a Weigh-Indicator mounted in the
control panel. The weight signal will be provided to the PLC and
PanelView.

2. The PAC level in the storage silo will also be monitored
at two points by “tuning fork” type level switches. When ample
volume exists in the silo to accept a complete truckload of PAC
(~40,000 pounds), the silo low point level switch will be uncovered
by the PAC. The contact opening will activate the SILO LEVEL
LOW - OK TO FILL light on the silo unloading panel. The silo low
point level switch will not stop operation of the PAC feed system,
which will operate independently of the PAC level in the silo.

3. The PAC storage silo will be filled by pneumatic road tankers,
which will employ a trailer mounted blower to pneumatically
transfer the PAC from the tanker into the silo. When the PAC
level covers the silo high point level switch, the switch will activate
the SILO LEVEL HIGH - STOP FILL alarm and light on the silo
unloading panel.

4. During silo filling, the air that is utilized to pneumatically convey
the PAC into the silo will be discharged to the atmosphere
through the “bag” type silo vent filter. The bags will be
sequentially cleaned by pulses of air flowing in the reverse
direction through the bags on a preset timed basis (HAND). Filter
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operation will be designated as HAND or OFF via a HO selector
switch located on the silo control panel. In the HAND mode, the
dust collector will sequentially pulse the bags with cleaning air on
a preset time interval continuously as long as the HO switch is in
the HAND position. If the vent filter bags are not being cleaned
properly, the vent filter differential pressure switch will initiate an
alarm on the silo unloading panel to stop filling.

B. FEEDER HOPPER LEVEL MONITORING AND
FILLING.

Two level switches are used to monitor the PAC level in
each feeder supply hopper. With the rotary valve HOA switch in
the AUTO position, the low level switch will start the rotary valve
and the high level switch will stop the rotary valve. When the
rotary valve begins to turn, PAC is fed from the silo into the feeder
hopper.

With the Fluidizing control in AUTO, the silo fluidizing
cycle will also be initiated when the rotary valve motor is started.
Under certain conditions it may be advantageous to manually
fluidize the silo PAC prior to placing a feeder in service. Manual
operation of the fluidizing system will be provided through the
PanelView interface.

If the hopper low-level switch is uncovered for more
than 5 minutes, a feeder hopper level low alarm will be initiated
and feeder operation will be terminated.

After the rotary valve has been started, the time
required to cover the hopper high-level switch is monitored and
alarmed if it exceeds 5 minutes. This alarm is called the hopper
fill malfunction alarm.

C. CARBON FEED
1.

Train 1 and Train 2 can be operated independently or
together to feed the same boiler. Each Train will require its own
dedicated feed piping or hose and injection points.

Terminals for a remote contact permissive will be available if
it is desirable to add a permissive, such as ID Fan operating, to
limit the PAC injection operation. These terminals will be
identified on the drawings.

A HAND/OFF/AUTO selector switch for each blower is
located on the Motor Control Center. This switch controls the
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blower-operating mode. When placed in HAND, the blower will
start. When placed in AUTO, the PanelView touch-keys will start
the blower and motive air will be provided to the injection system.
The control panel also has lights to indicate blower-operating
status.

After the blower has started, the system controls will allow
ten (10) seconds for motive air pressure to be established via the
motive air pressure switch, otherwise the low motive air pressure
alarm will be initiated and the feeder will not start until the problem
is resolved and the alarm is cleared. Also, a pressure switch
connected to the eductor drop tube must indicate a small negative
pressure (-3” H?0) to verify that the eductor is functioning

properly.

With the Feeder HOA switch in the AUTO position, the
volumetric feeder will begin feeding PAC into the drop tube thirty
(30) seconds after motive airflow and pressure have been
established. With the Feeder HOA switch in the HAND position,
the Feeder can be operated without the blower operating for
feeder calibration.

Control of the PAC feed rate will be selected on the
PanelView. Control selection is either “M-Drive” or “PanelView”.
In the M-Drive Control mode, the operator will manually set a
fixed PAC feed rate in pounds per hour via the feeder controller or
M-Drive. The feeder controller will display the feed rate in pounds
per hour. In the PanelView Control mode, the feed rate will be set
and controlled by PanelView input.

If a feeder high speed, low speed or speed deviation
condition is detected when the PAC feeder is running, a FEEDER
MALFUNCTION alarm will be initiated and the feeder will stop
operation.

The system will inject PAC into the flue gas stream until
stopped by the PLC/PanelView, HOA switches switched to OFF
or the Emergency Stop button is depressed. A normal shutdown
by the PLC/PanelView will stop the blower thirty (30) seconds
after the feeder has been stopped to clear the injection piping of
PAC. HOA and E-STOP shutdown will not purge the injection
piping of PAC.

If an alarm condition has terminated the operation of the
system, the alarm must be reset to restart the system.
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D. ALARMS.

The alarm sequence will operate essentially the same for all alarms.
When an alarm is initiated, the alarm condition will be displayed on the
PanelView Screen. These alarms will also be ACKNOWLEDGED on
the PanelView.

1.

Silo Level High (Do Not Fill): The silo level high alarm will activate
on the silo unloading panel and on PanelView when the silo is full
and filling operations should be terminated. This alarm will not
have any effect on the filling operations or normal system
operation, other than to provide an alarm, and will automatically
clear once the PAC level in the silo has fallen below the high point
level probe.

. Silo Level Low (OK To Fill): The silo level low alarm will activate

on the silo unloading panel and on the PanelView when the PAC
level in the storage silo has fallen below the low point level probe.
The silo low-level alarm will indicate sufficient volume in the silo to
receive a bulk trailer load of PAC. This alarm will not have any
effect on normal system operation, other than to provide an alarm,
and will automatically clear once the PAC level in the silo has
covered the low point level probe.

Blower Discharge Pressure High: The blower discharge pressure
high alarm will be initiated on the PanelView when the blower
discharge pressure switch is enabled. The alarm will immediately
terminate feeder and blower operation and must be
ACKONWLEDGED on the PanelView to restart the system.

Silo Vent Filter DP High — Stop Fill: The differential pressure
across the vent filter bags will be monitored at all times by a
differential pressure switch mounted on the silo deck. If the high
differential pressure switch remains in the high differential state
for a period of fifteen (15) seconds, the silo vent filter DP high
alarm will be initiated on the silo unloading panel and the
PanelView. This alarm will not effect the filling operation or
normal system operation and will automatically clear when the
differential pressure returns to normal.

Compressed Air Pressure Low — Stop Fill: A pressure switch
mounted on the air receiver will monitor the air system pressure
continuously. The compressed air pressure low alarm will be
initiated on the silo unloading panel and the PanelView when the
air pressure has fallen below a pre-set pressure of 80 psig. The
low air pressure alarm will automatically clear when adequate air
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A.

10.

pressure is restored.

Motive Air Pressure Low: The motive air pressure low alarm will
be initiated on the PanelView when the motive air pressure falls
below a pre-set value (approximately 10 psig). Operation of the
feeder will be stopped when the alarm is initiated, however, the
blower will not be stopped and the alarm will be automatically
cleared when adequate air pressure is established. Feeder
operation will be automatically restored when the alarm is cleared.

Feeder Malfunction - The M-Drive will be configured to provide a
feeder malfunction alarm to the PanelView based on a minimum
speed, a maximum speed and a speed error condition. The
feeder malfunction alarm will immediately stop operation of the
feeder. ACKNOWLEDGING the alarm on the PanelView will
clear the alarm.

Feeder Hopper Fill Malfunction - The feeder hopper fill
malfunction alarm will be initiated on the PanelView if the time to
cover the hopper high level probe, after the rotary valve has been
given a start signal, exceeds five (5) minutes. The feeder hopper
fill malfunction alarm will not stop operation of the feeder, the
rotary valve or the fluidization system. The alarm will
automatically clear when the feeder high-level switch is covered
with PAC.

Feeder Hopper Level Low - The feeder hopper level low alarm will
be initiated on the PanelView if the feeder hopper low level probe
is uncovered for more than 5 minutes. The feeder hopper level
low alarm will stop operation of the feeder, the rotary valve and
the fluidization system until the alarm is cleared. The alarm will
automatically clear when the feeder low-level switch is covered
with PAC

PURCHASER’S SCOPE OF WORK

The following items are not included in this offering and shall be supplied by
the Purchaser if required:

FOUNDATIONS - The Purchaser shall design and install all
foundations for the PAC dosing system from load data provided
by the Seller. The Silo Supplier will provide the foundation anchor
bolts for the Silo.

ERECTION AND ASSEMBLY OF EQUIPMENT — The Purchaser
shall receive and install the equipment provided by the Seller.
Installation is not included in this proposal.
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AREA LIGHTING - The Purchaser shall furnish and install area
lighting. Seller will provide light fixtures for the area under the
storage silo and for the roof. Also, Seller will provide and install
the lighting in the Power and Control Building

COMPRESSED AIR SUPPLY - The Purchaser shall provide dry
instrument quality compressed air source capable of delivering 10
scfm at 100 psig. The Purchaser shall install compressed air
piping to the fluidizing air header and to the vent filter on top of
the silo.

ELECTRICAL POWER SUPPLY - The Purchaser shall provide a
single electrical power feed capable of delivering 60 amps of
three (3) phase sixty (60) cycle power at 460 volts AC. The
Purchaser shall install the power feed and terminate the power
feed within the MCC.

INTERCONNECTING CABLE & CONDUIT - The Purchaser shall
provide and install all interconnecting cable and conduit (including
fittings) to connect the MCC and control panel to the furnished
equipment. Conduit and wiring between the Control Panel and
the MCC will be provided and installed by the Seller prior to
delivery of the Building.

POWDERED ACTIVATED CARBON (PAC) - The Purchaser shall
provide the initial and all subsequent fills of carbon.

DELIVERY PIPING - The Purchaser shall provide the design and
installation of the conveying piping, hoses and injection nozzles.

SPARE PARTS

The following spare parts have been included in this proposal:

Eductor.

Bindicator point level probe.

Silo fluidizing air solenoid valve.
Silo vent filter bags (set).

Feeder speed controller (M-Drive).
Feeder drive motor speed pick-up.
Feeder drive motor.

Feeder auger and gasket.
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l. Three (3) each blower inlet air filters.

VIl  PRICING

Engineer, Procure and Deliver Silo System Equipment

Pricing for the above-described Silo Dosing System delivered to Gaston,
Alabama for erection by Purchaser:

Three Hundred Twelve Thousand Six Hundred Twenty Five Dollars.

US$ 312,625.00

Donald P. Hall David A. Perry
Engineering Sales Executive Vice President
Systems and Services NORIT Americas Inc.

NORIT Americas Inc.

Robert W. Edwards
Sales Director
NORIT Americas Inc.
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APPENDIXH
PART 2

Estimated Capital and Long Term
Operating and Maintenance Costs



Capital Costs

Decription Units Value Notes
ACI Storage and Injection System $ $320,000
Piping, Manifolds & Lances $ $25,000
Foundations and Steel (installed) $ $55,000
Electrical Supply Upgrades $ $25,000
Misc Utilities, Lighting $20,000
Controls Integration $ $20,000
Subtotal $465,000
Taxes $ $27,900
Freight $ incl
Purchased Equipment Cost Subtotal $ $492,900
Installation of Process Equipment $ $90,000
Total Direct Cost $ $582,900
Indirects
General Facilities 10% $58,290
Engineering Fees 10% $58,290
Project Contingency 15% $87,435
Process Contingency 5% $29,145
Total Plant Cost (TPC) $ $816,060
Allow. for Funds During Constr. (AFDC) $ $0 Construction period < 1yr.
Total Plant Investment (TPI) $ $816,060
Preproduction Costs $ $0
Inventory Capital $ $0
Total Capital Requirement (TCR) $ $816,060
$/kW $3.15
Variable O&M and Costs
Cost Basis (Year) 2003
Sorbent Costs $245,280
Waste Disposal Costs $0
Power Consumption kW 25
Power Cost ($0.05/kW) $7,665
Operating Labor ( 4 hours/day, $45/hr)) $65,700
Maintenance Costs $17,250
Periodic Replacement Items $10,000
COHPAC Bag replacement penalty* Not included Prelim. Estimate $53,600
Total $ $345,895
$/kW $/kW $1.34
mills/kWhr mills/kW-hr $0.22

* Without ACI Bag life was estimated at 4years, With ACI bag life is 2 years.




Economic Factors

Net Generating Capacity MW 259
Annual Capacity Factor % 70%
Power costs $/kw $0.05
Operating Labor Rate $/hr $45
Cost Basis - Year Dollars Year 2003
Capital Esc During Construction % 1.5%
Construction Years 0.5
Annual Inflation % 2.5%
Discount Rate, % (MAR) = % 9.2%
AFUDC Rate % 10.8%
First Year Fixed Charge Rate, Current$ % 22.3%
First Year Fixed Charge Rate, Const$ % 15.7%
Lev Fixed Charge Rate, Current$ (FCR)= % 16.9%
Lev Fixed Charge Rate, Const$ (FCR) = % 11.7%
Service Life (years) = Years 20
Escalation Rates :
Consumables (O & M) = % 3.0%
Fuel = % 5.0%
Power = % 3.0%
Current$ Basis Constant $ Basis
P/A Factor 9.00 11.45
A/P Factor 0.11 0.09
P/AE Factors
'Consumables (O&M) 11.45 11.45
'Power 11.45 11.45
Levelizing Factors
'Consumables (O&M) 1.27 1.00
'Power 1.27 1.00
First Year Costs Current$ Basis Constant $ Basis
Fixed Costs $128,121 $128,121
Variable O&M $345,895 $345,895
Total First Year Costs $ $474,016 $474,016
$/kw $/kw $1.83 $1.83
mills/kW-hr $0.30 $0.30
20 yr Annual Levelized Costs Current $ Basis Constant $ Basis
Fixed Costs $95,479 $95,479
Operating Costs
'Reagent $312,104 $245,280
"Waste Disposal $0 $0
Power $9,753 $7,665
'"Labor $83,599 $65,700
"Maint $21,950 $17,250
'Spare Parts $12,724 $10,000
Total Annual 20 yr Levelized Costs $lyear $535,610 $441,374
$/kW $/kw $2.07 $1.70
mills/kW-hr $0.34 $0.28
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