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ABSTRACT

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

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

¢ Sunflower Electric’s Holcomb Station Unit 1

e AmerenUE’s Meramec Station Unit 2

e Missouri Basin Power Project’s Laramie River Station Unit 3
e Detroit Edison’s Monroe Power Plant Unit 4

e AEP’s Conesville Station Unit 6

e Ameren’s Labadie Power Plant Unit 2

The goals for this Phase II program established by DOE/NETL are to reduce the
uncontrolled mercury emissions by 50 to 70% at a cost 25 to 50% lower than the target
established of $60,000/1b mercury removed. The results from Conesville indicate that
sorbent injection alone in a high-sulfur flue gas is not capable of achieving the targeted
mercury removal rates at a reduced cost. Injection of DARCO® E-12, the best performing
sorbent in full-scale injection tests, at 12 Ibs/MMacf, resulted in a mercury removal a rate of
31% at a cost of $13,600/1b of mercury removed.
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INTRODUCTION

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

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

The primary objective of testing at American Electric Power’s (AEP) Conesville 400-
MW Station was to determine the cost and effects of sorbent injection for control of mercury
in stack emissions from Unit 6. Conesville Unit 6 was chosen for this evaluation because it
fires high-sulfur (3—4%) eastern bituminous coal and is equipped with a medium-sized, cold-
side ESP (SCA = 301 ft*/kacfm) for particulate control and a wet flue gas desulfurization
(WFGD) system for SO, control. General observations and conclusions include:

e Native (baseline) mercury levels and removal:

ESP native mercury capture is very low at Conesville, from 0 to 20%. The
mercury is 60—70% oxidized at the ESP outlet, upstream of the WFGD, and 90%
elemental at the WFGD outlet.

Most of the oxidized mercury is removed in the WFGD.
Mercury ranges from 13 to 33 1b/TBtu at the ESP.

e Parametric Testing:

Most of the eighteen sorbents tested at full-scale increased T/R set spark rates,
decreased power levels, and/or impacted opacity.

The maximum incremental removal by a sorbent was approximately 31%
(DARCO" E-12 at 12 Ib/MMacf).

The next highest removal was 25% (Sorbent Technologies EXP-2 at
16 Ib/MMacf).

Both of these sorbents had an opacity impact that would require further evaluation.

Several sorbents demonstrated some improvement over the benchmark sorbent,
DARCO" Hg.

Changing the injection lance design did not improve mercury removal.

Injecting the coal additive KNX resulted in a marginal improvement in the
mercury removal across the ESP + WFGD from 72% to 76%.

Mercury removal using the benchmark sorbent increased from 8% at 9.5 Ib/MMacft
DARCO® Hg to 15.6% at 8 Ib/MMacf DARCO® Hg when injected with the coal
additive KNX.

e Options for improving performance:

Improved sorbents
Control SO3, possibly with alkali co-injection
Inject PAC upstream of APH

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

e The total mercury from STM tests have compared favorably with CEM
measurements. At both the ESP inlet and outlet locations, and on the east and west
sides, directly comparable samples are within 10%, with few exceptions.
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The challenges identified and characterized at Conesville stemming from the high
concentration of SO; in the flue gas may represent a larger obstacle to mercury control for
the industry than just units that fire high-sulfur coal. The presence of SOs in flue gas appears
to decrease mercury capture by activated carbon, sometimes dramatically. SO; may be
present in sufficiently high concentration in several common plant configurations including
low-sulfur units using SOs for flue gas conditioning and units where an SCR converts
sufficient SO, to SO;. Although some sorbents performed better than the benchmark
sorbents, DARCO® Hg and DARCO® Hg-LH, in general the sorbents tested at Conesville did
not show significant mercury removal. However, the more promising sorbents may perform
well in plant configurations with slightly lower SO, and/or SOj3 in the flue gas.

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

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

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

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

Host site kickoff meeting, test plan, and sorbent selection
Design and installation of site-specific equipment

Field tests

Data analysis

Sample evaluation

Economic analysis

Reporting and technology transfer

> Nk w D=

detailed description of each task is given in Appendix A: Conesville Test Plan.

Conesville Topical Report 4
41986R24



Table 1. Host Site Key Descriptive Information.

Holcomb Meramec Laramie River Monroe Conesville Labadie

Test Period 3/04-8/04 8/04-11/04 2/05-3/05 3/05-6/05 3/06-5/06 11/06-1/07
Unit 1 2 3 4 6 2
Size (MW) 360 140 550 785 400 630
Test Portion

(MWe) 180 and 360 70 140 196 400 630
Coal PRB PRB PRB PRB/Bituminous | g minous PRB

Blend
First Generation Low-NOx Burners LNB, LNCFS

NO Control Low-NOy Burners and SOFA None SCR None Level I1I, SOFA
Particulate Joy Western American Air Filter ESP ESP Research- ESP

Control Fabric Filter ESP Cottrell ESP | (three in parallel)
SCA .

(f/kacfm) NA 320 599 258 301 279 combined
FGC None None SO, None SO,

Spray Dryer . . . .
Sulfur Control Niro Joy Western Compliance Coal Spray Dryer Compliance Coal | Wet Lime FGD | Compliance Coal
Ash Reuse Disposal Sold for Concrete Disposal Disposal FGD. Sluc}ge Sold for Concrete
Stabilization
Typical Inlet Hg
10-12 10-12 10-12 -1 15— 10-12

(ug/dNm’) 0 0 0 5-10 5-30 0
Typical Native Hg <15% <30% <20% 10-30% 50% <30%

Removal
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Table 2. Field-Testing Schedule.

2004 2005 2006 2007
Site

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

Holcomb I

Meramec ]

Laramie River [ ]

Monroe I

Conesville I

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

ADA-ES, Inc.
ALSTOM
AmerenUE*
American Electric Power*
Arch Coal
DTE Energy
Dynegy Generation
EPRI
MidAmerican
NORIT Americas Inc.
Ontario Power Generation* and partners
EPCOR
Babcock & Wilcox
Southern Company
Tennessee Valley Authority
* Indicates host site.

Key members of the test team include:

AEP Conesville Power Plant
Project Managers: Gary Spitznogle and Aimee Toole
Conesville Project Engineer: Georgeanne Hammond
ADA-ES, Inc.
Project Manager: Sharon Sjostrom
Site Manager: Cody Wilson
DOE/NETL
Project Manager: Andrew O’Palko
EPRI
Project Manager: Ramsay Chang
Reaction Engineering International
CFD Modeling, Coal and Byproduct Analysis Interpretation: Connie Senior
Others
Analytical laboratories

Conesville Topical Report
41986R24



CONESVILLE PROJECT OBJECTIVES AND TECHNICAL
APPROACH

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

1. Sorbent selection and screening

2. Sample and data collection coordination
3. Baseline tests

4. Parametric tests

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

Importance of Testing at Conesville

Conesville Unit 6 was chosen for this evaluation because it has a marginally sized,
cold-side ESP (SCA = 301 ft*/kacfm), and it fires high-sulfur eastern bituminous coal. High-
sulfur flue gases have proven to be a challenge for mercury control via sorbent injection.

The configuration at Conesville allowed an evaluation of the effects of sorbent injection on
mercury control, ESP performance, and WFGD performance with an ESP that is
representative of many units across the industry.

Background: Mercury Removal in High-Sulfur Flue Gas

One of the more difficult applications for mercury control with sorbent injection
concerns sites firing high-sulfur bituminous coals. Laboratory studies conducted over the
past 15 years by URS Group, UNDEERC, and others indicate that HCI and SOy in the flue
gas can significantly affect the mercury adsorption capacity of fly ash and activated carbon.”
These studies suggest that SO, and SO; reduce the equilibrium mercury capacity of activated
carbon and fly ash because activated carbon tends to catalyze SO, to H,SO4. In turn, these
sulfur compounds occupy surface sites on the carbon that normally are available to adsorb
and oxidize mercury. Hence, the mercury adsorption capacity is dependant on the SO, and

3
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SOs concentration, which is orders of magnitude greater than the mercury concentration.
Full-scale field tests also indicate that standard, untreated, activated carbon is less efficient in
high-sulfur environments.*’

Activated carbon injection tests were conducted at the University of Illinois” Abbott
Power Plant in Champaign, Illinois, in 2001.* This site fires high-sulfur (3.8%) bituminous
coal with 2500 ppm chlorine. Equilibrium adsorption capacity measurements were
conducted for DARCO®™ Hg at temperatures of 375 and 325 °F. At 375 °F, the equilibrium
adsorption capacity was 184 ng/g. At 325 °F, the equilibrium adsorption capacity was
486 ng/g. Injection tests were conducted at two flue gas temperatures, 360 °F and 330 °F,
and the results showed a slight increase in the mercury removal performance of DARCO® Hg
at the lower temperature. Injection tests were also conducted at the Lausche Heating Plant of
Ohio University (1000 ppm SO, and 20 ppm SOj in flue gas). Test results from both Abbott
and Lausche, shown in Figure 1, indicate limited mercury removal performance of DARCO®
Hg in these environments.’
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Figure 1. Results of DARCO® Hg Tests at Abbott and Lausche Power Plants.

Equilibrium adsorption capacity measurements were also made at We Energies
Pleasant Prairie Power Plant (P4) upstream and downstream of an SOj3 injection system for
ESP flue gas conditioning.” These data indicate a significant impact on the mercury capacity
of DARCO® Hg due to both SO and temperature. Decreasing the temperature from 300 °F
to 250 °F via water spray cooling did not improve the mercury removal measured across the
ESP. This suggests that the threshold capacity (the adsorption capacity at which a change in
performance is expected) was less than the equilibrium adsorption capacity measured at
300 °F (425 pg/g) in the presence of SO;. The equilibrium data also suggest that the capacity
can be significantly improved at higher temperatures in the presence of SOjs if the sorbent is
mixed with an alkali material such as lime to mitigate the effects of SO3;. No improvement
was noted at the lower temperature (250 °F). The P4 and Abbott results are presented in
Table 3.
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Table 3. Equilibrium Adsorption Capacities for Two Sites with SOj3 in the Flue Gas.

Equilibrium Adsorption Cap.
. Temp.
Site SO; (OF)p (ng/g) s
Normalized to 50 pg/Nm
P4 Low-Sulfur Coal 250 8823
P4 FGC 250 3355
P4 FGC 250 2091
(DARCO® Hg + Lime*)
P4 Low-Sulfur Coal 300 880
P4 FGC 300 425
P4 FGC 300 > 1504
(DARCO® Hg + Lime*)
Abbott High-Sulfur Coal 375 148
Abbott High-Sulfur Coal 325 486

*ime to sorbent ratio was 60:1.

Conesville Site Description

General Description of Unit 6

Unit 6 is a 400-MW, Combustion Engineering (ALSTOM)), tangentially fired, PC unit
that normally fires high-sulfur eastern bituminous coal. This unit is equipped with cold-side
Research-Cottrell ESPs. Flue gas is drawn through the ESPs via Induced-Draft (ID) fans.
Downstream of the ESP and ID fans are two Universal Oil Products wet lime absorber
modules (WFGD) for SO, removal. The modules have partial bypass capability and have
been retrofitted with a Babcock & Wilcox (B&W) tray design. The system is typically
operated with the bypass closed. The bypass valves have a design leak rate of 5% of the
flow. A sketch of the unit layout is presented in Figure 2. Key operating parameters are

shown in Table 4.
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Figure 2. Layout Sketch of Conesville Unit 6.

Table 4. Conesville Key Operating Parameters.

Unit 6
Size (MW) 400
Test Portion (MWe) 200 and 400
Coal High-Sulfur Ohio Basin Bituminous
Heating Value (as received) 11,020
Sulfur (% by weight) 3.31
Chlorine (ppm dry) 273
Mercury (pg/g) 0.381

Particulate Control

Cold-Side ESP
SCA =301 ft2/kacfm

Sulfur Control

Wet FGD

Ash Reuse

FGD Sludge Stabilization

Conesville Topical Report
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Sorbent Injection and Mercury Monitoring L.ocations

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

The temperature across the ESP inlet is stratified due to the air pre-heater design.
Temperatures measured in the injection ports indicate a 75 °F temperature gradient
(nominally 290 °F in Port 2 on the A-Side and 365 °F in Port 10 B-Side). The flue gas SO3
concentration is nominally 30 ppm, based upon previous measurements by AEP.

A-Side B-Side
ESP Outlet
Ports
KR P2 B T IR Y B B 3 R [ v [ N
] 5 Do | 00 5 [2 ﬁ1ﬁz-
2 1 I I s = P ) P =/ 7
D1 D2 C1 CZ
% B1 By he [32]
™
[72]
M A
\‘1’0 f o 3aleld ol ) Injection Ports
S S A A e Inlet Ports
1 2 3 4 5 6
Figure 3. Conesville Unit 6 Testing Layout.
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Figure 4. Conesville Unit 6 Sorbent Injection and Mercury Measurement Locations.

Sorbent Trap Equipment and Analysis

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

Injection Lance Arrays

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

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

unit.
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Figure 5. Multi-Nozzle Injection Lance Array.
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Figure 6. Single-Nozzle Injection Lance Array.
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Description of Field-Testing Subtasks

The field tests were accomplished through a series of four subtasks: 1) sorbent
selection and screening, 2) sample and data coordination, 3) baseline testing, and 4)
parametric testing. The subtasks are independent of each other in that they each have
specific goals and tests. However, they are also interdependent because the results from each
subtask influenced the test parameters of subsequent subtasks. A fifth subtask, long-term
testing, was originally planned, but not done due to the lower-than-expected mercury
removal achieved at the site. A summary of each subtask is presented in the following
sections. Tests with the Sorbent Screening Device are abbreviated (SSD). The test sequence
is presented in Table 5.
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Table 5. Full-Scale Test Sequence Conducted at Conesville Unit 6.

Test Description

Date

Parameters/Comments

SSD

11/8/05-11/15/05

SSD using the sorbent screening device to identify potential sorbents for full-scale testing.

SSD

2/6/06-2/10/06

SSD using the sorbent screening device to identify potential sorbents for full-scale testing.

Week 1—Baseline

3/13/06-3/17/06

Day 1 — Test crew set-up; no restrictions on boiler load
Day 2 — Baseline Hg CEM Measurements

Day 3 — Hg CEM Measurements and Manual Sampling
Day 4 — Hg CEM Measurements and Manual Sampling
Day 5 — Hg CEM Measurements and Manual Sampling

Week 2—Parametric
Sorbent Injection Tests*

3/20/06-3/24/06

Day 1 — Contingency

Day 2 — DARCO® Hg and DARCO® Hg-LH
Day 3 — DARCO® E12

Day 4 — Donau Desorex DX700C

Day 5 — Calgon RUV-N

Week 3—Parametric
Sorbent Injection Tests*

3/27/06-3/31/06

Day 1 — Sorbtech EXP-2

Day 2 — DARCO® Hg and DARCO® Hg—Bottom
Day 3 — DARCO" E14

Day 4 — DARCO® E15

Day 5 — DARCO" E13

Week 4—Parametric
Sorbent Injection Tests*

5/8/06-5/12/06

Day 1 — Test crew set-up; no restrictions on boiler load

Day 2 — DARCO® E12 Multi-Nozzle Lance Stratification Test
Day 3 — DARCO® E12 Single-Nozzle Lance Stratification Test
Day 4 — Analyze Maintenance

Day 5 — DARCO" E18 and DARCO® E20

Week 5—Parametric
Sorbent Injection Tests*

5/15/06-5/19/06

Day 1 - DARCO® E19 and Calgon RUV+
Day 2 — EERC C5SL

and SSD Day 3 — INSUL and Start of SSD
Day 4 - SSD
Day 5 — Prepare Site for Break
Week 6— 7/05/06-7/13/06 Days 1-5 — SSD: Various Sorbent Combinations
SSD, KNX Test Day 7 — KNX, KNX + DARCO" Hg
Week 7— 7/31/06-8/01/06 Days 1-2 — SSD: Various Sorbent Combinations
SSD

*Sorbent injection screening tests are short, 2-hour tests that are used to determine if further testing is warranted.
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Sorbent Selection and Sorbent Descriptions

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

Table 6. Companies Providing Sorbents for Sorbent Screening Tests.

Supplier General Description
Advanced Fuel Research | Activated Carbon
Calgon Activated Carbon
California Earth Minerals | Non-Carbon Based
Donau Activated Carbon
EERC Activated Carbon
BASF (Engelhard) Non-Carbon Based
Frontier Geosciences Activated Carbon
NEST Non-Carbon Based
NORIT Americas Activated Carbon
Sorbent Technologies Activated Carbon
TDA Research Non-Carbon Based
Zinkan Non-Carbon Based
AEP Alkali Materials
ADA-ES Blends of sorbents

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

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

Table 7. Sorbents Tested at Full-Scale Based on Screening Tests and Availability.

Sorbent Price/lb (2006 $)
Calgon RUV

Calgon RUV-N $0.74
Sorbent Technologies EXP-2 $0.75
Donau Desorex DX700C $0.42
NORIT DARCO® Hg $0.45
NORIT DARCO® Hg-LH $0.85

NORIT DARCO® E-12
NORIT DARCO® E-13
NORIT DARCO® E-14
NORIT DARCO® E-15
NORIT DARCO® E-18
NORIT DARCO® E-19
NORIT DARCO® E-20
NORIT DARCO® E-25
NORIT DARCO® E-25¢
NORIT Insul

EERC C5SL

10 Trona:1 Hg

3 Trona:1 Hg

1 Trona:1 Hg

10 Lime:1 Hg

Conesville Topical Report 18
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Sample and Data Coordination

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

Table 8. Data Collected during Field-Testing.

Parameter Sample/Signal/Test Baseline | Parametric
Coal Batch sample Yes Yes
Plant signals: burn rate (Ib/hr)
Coal quality (Ib/MMBTU, % ash) Yes Yes
Fly Ash Batch sample Yes Yes
Unit Operation Plant signals: boiler load, etc. Yes Yes
Temperature Plant signal at AH inlet and ESP Yes Yes
inlet/outlet
Temperature Full traverse at ESP inlet/outlet Yes No
Duct Gas Velocity Full traverse at ESP inlet/outlet Yes No
Mercury . .
(total and speciated) Hg Monitors at ESP inlet/outlet Yes Yes
Mercury ASTM M6784-02 (Ontario Hydro) at
(total and speciated) ESP inlet/outlet Yes (1 set) No
Mercury (total) STM Yes Yes
Particulate Emissions EPA Methods 5 and 17 Yes No
HCI, HF, Br EPA Method 26a at ESP inlet/outlet Yes No
SO, Controlled Condensate at ESP inlet Yes No
Sorbent Injection Rate PLC, Ibs/min No Yes
Plant CEM data
(NO,. Oy, SO,, CO) Plant data — stack Yes Yes
Stack Opacity Plant data — stack Yes Yes
Pollution Control Plant data (Sec mA, Sec. Voltage, Yes Yes
Equipment Sparks, Scrubber pH, etc.)
Conesville Topical Report 19
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Baseline Testing (No Sorbent Injection)

One week of baseline testing was completed on March 13—-17, 2006. The baseline
data were used to characterize native mercury capture across the ESP while no sorbent was
injected. During the baseline test period, Unit 6 was maintained at standard full-load
conditions, about 435 MW, between the hours of 06:00 and 18:00 with the air pollution
equipment operated under standard full-load conditions.

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

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

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

e EPA M5/M17 (Particulate Concentrations)
e EPA M26a (Halogen and Hydrogen Halide Concentrations)
e EPA M29 (Multi-Metals)

e Controlled Condensate (SO; Measurement)

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

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

Parametric Testing

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

Sorbent Injection Screening

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

Stratification Testing

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

KNX Testing

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

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

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

CFD Modeling

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

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

m 3. 1E—D05
Sorbent Mass
B Density (Ibgyy/ft3ges)

M or+000

The presence of two
injection pipes outside the
outermost vanes produces a
relatively high sorbent
concentration in outer
sections of flue gas

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

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

Tests conducted at P4 for ADA-ES by URS Group under DOE contract DE-FC26-
O0ONT41005 indicate that the equilibrium adsorption capacity is affected by both temperature
and SOs. Figure 9 shows that the capacity of DARCO® Hg was reduced by more than 50% if
injected downstream of the SO; conditioning system. In the downstream location, the
capacity was reduced further at higher temperatures. A temperature increase from 250 °F to
300 °F in the presence of SO; decreased the capacity by a factor of 10. These were important
considerations for Conesville because the concentration of SO; was expected to be high,
based on historic SO; measurements, and there is a significant temperature gradient in across
the duct.

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

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

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

The updated simulation results showed that DARCO® Hg, injected at 10 1b/MMacf,
would give 9-22% mercury removal depending on the reactivity used. Furthermore, the
model predicted nominally 6—13% less removal in the hot side of the duct, depending on the
reactivity used.

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

Baseline testing (no sorbent injection) was conducted during the week of March 13,
2006. The coal fired during baseline came from the CAM-Ohio and Oxford mines, as well as
from the Conesville coal processing plant (mine not defined). The coal blend was typical for
Conesville and produced a weighted average of 3.5% sulfur and 12,920 Btu/Ib (dry basis).
Mercury concentration in these coals varied from 144-268 ng/g. A summary of select coal
parameters is presented in Table 9.

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

Mine Weighted

CAM-Ohio Oxford Conesville PP Average
Ash (%) 8.7 13.6 10.1 11.9
Sulfur (%) 24 4.1 2.5 3.5
Hg (ng/g)* 268 256 144
Br (ng/g)* 11.8 23 6.1
CI (ng/g)* 1140 687 808
HHYV (Btu/lb) 13,710 12,586 13,082 12,920
% Total Fired** 22 61 17

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

CEMs and Ontario Hydro Measurement Test Results

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

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

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

The Ontario Hydro data indicated 37% removal across the WFGD, while the CEMs
data showed 60%. This suggests that most of the oxidized mercury is removed in the wet
scrubber. The CEM elemental mercury at the ESP outlet was low compared to the Ontario
Hydro measurements.
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Table 10. Ontario Hydro Results at ESP Inlet and Outlet.

Test ESP Inlet ESP Outlet
Date Start and End OH OH OH OH OH OH OH OH
Times Part. Hg | Elem. Hg Ox. Hg Total Hg Part. Hg | Elem. Hg Ox. Hg Total Hg
(ng/dNm’) | (ng/dNm’) | (ng/dNm’) | (pg/dNm’) | (ng/dNm’) | (ng/dNm’) | (ng/dNm’) | (ng/dNm’)
3/16/06 08:55-11:00 0.11 5.32 10.67 16.0 0.003 4.52 11.05 15.57
3/16/06 11:30-13:35 0.07 5.12 11.83 16.96 0.03 5.26 10.69 15.95
3/17/06 08:05-10:10* 1.66 4.18 35.54 40.9 0.004 12.6 43.48 56.08
* Aliquots were reanalyzed by Platt and results showed higher values at the ESP outlet than inlet.
Table 11. Ontario Hydro Results at ESP Inlet and WFGD OQOutlet.
Test ESP Inlet WEFEGD Outlet
Date Start and End OH OH OH OH OH OH OH OH
Times Part. Hg | Elem. Hg Ox. Hg Total Hg Part. Hg | Elem. Hg Ox. Hg Total Hg
(ng/dNm’) | (ng/dNm’) | (ng/dNm’) | (pg/dNm’) | (ng/dNm’) | (ng/dNm’) | (ng/dNm’) | (ng/dNm’)
3/17/06 11:25-12:58 4.61 7.06 21.94 33.61 0.005 13.61 2.7 16.31
3/17/06 13:20-15:02 -- -- -- -- 0.005 13.57 0.95 14.53
3/17/06 15:25-16:59 -- -- -- -- 0.005 7.2 0.78 7.99
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Table 12. Comparison of Ontario Hydro Results and CEM Data.

ESP Date Start and End OH OH CEM CEM % % % Removal
Location Times Elem. Hg Total Hg Elem. Hg Total Hg Error | Error
and Run (pg/wsm3) | (pg/wsm3) | (ng/wsm3) | (ng/wsm3) | Elem. Total
OH CEM
Inlet #2 4.7 14.1 6.0 13.8 -27.3 -1.7
3/16/06 8:55-11:00 2.7 -1.9
Outlet #2 4.0 13.7 --* 14.1 --* -2.9
Inlet #3 4.5 14.9 53 13.1 -17.8 12.1
3/16/06 11:30-13:35 6.0 0
Outlet #3 4.6 14.0 % 13.1 --* 6.6
Inlet #4 3.7 29.0 15.3 394 -317.1 -35.7
3/17/06 8:05-10:10 -48.2 8.2
Outlet #4 11.1 36.4 % 36.1 --* 0.7
* Elemental data not available for this time period.
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Temperature Stratification

The temperature across the ESP is stratified because of the air pre-heater design.
Thermocouples were placed in five sorbent injection ports to monitor temperatures during
baseline testing. The average temperature measurements measured on March 1617, 2006,
are shown in Table 13 (see Figure 3 for port designations). The average gradient for these
days was 75 °F (290 °F at Port 2, A-Side; and 365 °F at Port 10, B-Side).

Table 13. Average Temperatures in Sorbent Injection Ports.

Temperature (°F)
Port 2 Port 4 Port 7 Port 9 Port 11
3/16/06 296 315 332 356 368
3/17/06 288 309 326 350 360
Fly Ash Analysis

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

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

The variation of LOI values in the baseline samples ranged from 0.5 to 5.0 wt%. Ash
LOI in the first field was under 1% in all cases, and more concentrated in the back fields. In
the first two fields, the mercury content increases with increasing LOI, the middle and outlet
field do not show the same correlation (see Figure 15). This may be due to a change in the
characteristics of the LOI, such as the size, which could influence the mercury content.
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EPA Method 5/17 Test Results

Results from EPA Method 17 tests at the ESP inlet indicate average particulate
loading of 2.276 gr/dscf, and Method 5 results at the ESP outlet averaged 0.005 gr/dscf, for a
particulate removal of 99.78% across the ESP. It should be noted that the outlet sampling
locations are non-ideal in that the gas flow makes a turn just downstream of the sampling
ports. This may bias the outlet measurements.

EPA M26a Test Results

The test results from EPA Method 26a (halogens) at the ESP inlet and outlet are
shown in Table 14. Although, the values vary between the runs, especially for HCl and Cl,,
there is consistency between the ESP inlet and outlet results. It is rare to measure more Cl,
than HCI in the duct, as occurred during the first sampling run at the inlet and outlet. The
previously discussed issues with the on-site manual sampling crew’s quality control are a
potential reason for the unusual results.

Table 14. Results from EPA Method 26a Testing.

ESP Inlet ESP Outlet
Run 1 Run 2 Run 3 Run 1 Run 2 Run 3
3/14/06 3/14/06 3/14/06 3/14/06 3/14/06 3/14/06
10:00-11:08 | 14:25-15:30 | 16:20-17:25 | 10:00-11:08 | 14:25-15:30 | 16:20-17:25
HCI (ppm) 14.66 61.29 61.99 11.98 90.57 59.76
HF (ppm) 0.88 2.30 1.94 1.08 3.65 2.37
HBr (ppm) 0.27 0.53 0.55 0.22 0.47 0.27
CL (ppm) 30.95 0.03 0.16 28.86 1.32 0.57
Br; (ppm) 0.28 0.02 0.02 0.16 0.02 0.02
EPA M29 Test Results

EPA M29 (metals) measurements were also conducted during baseline testing. The
project team had previously agreed to limit the analysis to mercury, selenium, and arsenic.
These results are included in Table 15. There is significant variation in the arsenic and
selenium concentrations during the three runs, and the calculated removal of these species
varied widely. Results from elemental analysis on select coal and ash samples indicate that
the arsenic and selenium can vary by a factor of three or greater. This is a potential
explanation for some of the wide variations in measurements of the elements.
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Table 15. Results from EPA Method 29 Testing.

Run 1 Run 2 Run 3
3/15/05 3/15/05 3/15/05
08:00-09:30 11:20-12:50 16:15-17:45

Inlet 17.8 14.3 15.6
Mercury (1b/TBtu) Outlet 22.6 15.1 16.1
% rem -26.9 -5.7 -3.0
Inlet 34.8 171.2 143.1
Arsenic (Ib/TBtu) Outlet 37.0 27.7 18.4
% rem -6.3 83.8 87.1
Inlet 115.2 105.6 558.0
Selenium (Ib/TBtu) Outlet 145.5 77.8 90.5
% rem -26.4 26.3 83.8

Controlled Condensate (SO;) Test Results

SO; measurements were also conducted at the inlet and outlet to the ESP during
baseline testing. The preliminary test report indicates 2.6 ppm SOjs at the inlet and 12 ppm
SO; at the outlet. As previously discussed, the manual inlet measurements are questionable
due to potential sampling procedural errors.

Parametric Testing Results

Parametric testing at Conesville confirmed previous results that high-sulfur flue gas is
a challenging environment for mercury control via sorbent injection. All results from the
parametric test phase, including the full-scale injection tests, the sorbent screening tests, and
any additional analyses are described in the following sections.

Mercury Removal

Mercury removal efficiency across the ESP ranged from 5 to 31% at injection
concentrations of 9 to 18 Ib/MMacf for all sorbents tested at full-scale. Injection tests at
9.5 Ib/MMacf with DARCO® Hg resulted in only 8% removal, slightly less than was
predicted by the CFD model. The highest removal attained was 31% using DARCO® E-12 at
12 Ib/MMacf. The next-highest removal was 25% using Sorbent Technologies EXP-2 at
10 Ib/MMacf. Although the injection concentrations varied widely, the results indicate that
none of the sorbents were able to achieve the minimum mercury removal goal of 50% at an
injection concentration below 10 Ib/MMacf. Figure 16 presents the mercury removal
efficiency across the ESP for several sorbents tested at full-scale. An example of the CEM
mercury trend graphs representing the second week of parametric testing is shown in Figure
17. During several later tests, the open-ended dual-injection lance configuration was used on
the B-Side of the duct. No significant difference in performance was noted between the half-
duct, open-ended nozzle tests and tests across the entire duct with the multi-nozzle lance
configuration. Figure 18 is a compilation of all parametric full-scale test results.
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Temperature Variation

The temperature of the flue gas was consistently 75 °F higher on the east side of the
ESP compared to the west side because of the air pre-heater arrangement. The temperature
variation was consistent from day to day. The average temperatures at the injection plane are
presented in Table 16 for several tests.
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Table 16. Average Temperatures in the Sorbent Injection Ports.

Temperature (°F)
Port 2 Port 4 Port 7 Port9 Port 11
DARCO" Hg 286 308 323 349 359
DARCO® Hg-LH 286 309 323 351 360
DARCO E-12 287 307 322 347 357
Donau Desorex DX700C 285 305 320 346 358
Calgon RUVn 287 309 324 350 359
Sorbtech EXP-2 287 306 319 345 358
DARCO" Hg 288 308 322 348 360
DARCO® Hg — bottom 286 307 321 347 358
DARCO® E-14 287 306 320 345 357
DARCO® E-15 291 307 319 346 361
DARCO® E-13 290 306 318 346 361

Stratification Evaluation

Results from the stratification measurements and CFD modeling indicate that neither
the distribution grid nor duct layout can completely account for the poor mercury removal
measured at Conesville. It is possible that the temperature gradient may have had some
effect. The stratification measurement results are presented in more detail in the sections that
follow.

Ash Analysis during Sorbent Injection

Hopper ash samples were collected and analyzed for mercury and LOI throughout
parametric testing. To obtain the most representative sample possible for these short-term
tests, all hoppers were emptied immediately before sorbent injection was initiated.

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

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

STM and CEM Comparison of Mercury Concentrations

STM tests were conducted during parametric testing to verify the total mercury
measured by the Hg CEMs, and to determine if there was stratification across the duct. The
STM results are shown in Figure 22 as they compare to the Hg CEMs. Refer to Figure 3 for
port locations. The results show that the STM and Hg CEM data are similar regardless of
sampling port or sampling depth. During a series of tests from March 17, 28, and 31,
measurements were made with the STM and CEM in adjacent outlet Ports 5 and 6. On
March 17 and 31, measurements were made in both ports at a depth of 4.5 feet. Mercury
concentration using both techniques compared well. On March 28, an STM sample was
collected at a duct depth of 11 feet. The difference from the CEM measurement was less
than 7%. If the sorbent loading was appreciably different from the top of the injection lances
to the bottom, the difference in the outlet measurements would be greater.
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On March 31, STMs were done on the east and west ducts in Ports 5 and 2. The
CEM, installed in Port 6, compared well with STM measurements in both Ports 2 and 5,
suggesting there was insignificant variation in sorbent loading from the east to west.
However, because lower removal is expected at higher temperatures, and the east side of the
duct operates at higher temperatures than the west side, it can be argued that since the
mercury concentrations from side to side show little difference, there may be higher sorbent
loading on the east side to compensate for the higher temperatures. Since the carbon
injection system is symmetrical from east to west, no stratification was expected.
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Conesville Topical Report 41

41986R24



Mercury Removal at the ESP Outlet

On May 9, DARCO® E12 was injected at 8 Ibs/MMacf for a period of 5 hours using
the multi-nozzle lances. During this period, duplicate STM tests were conducted at depths of
5 and 10 feet across the ESP outlet to determine if there was any mercury stratification.
Figure 23 shows the mercury concentrations as measured by the STMs and the CEM. For
reference, the ESP outlet mercury CEM was sampling in Port 6 at a depth of 4.5 feet.
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Figure 23. ESP Outlet Mercury with DARCO® E12 and Multi-Nozzle Lances.

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

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

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

ESP Inlet Hopper Ash Analysis

Samples collected from the ESP inlet hoppers during the stratification testing provide
additional information on sorbent distribution and mercury stratification. Figure 25 shows
the mercury concentration of the ash collected by the ESP inlet field during injection of
DARCO® E12 using multi-nozzle lances. The mercury concentration in the ash is higher on
the west side of the unit than the east. Figure 26 shows that generally there is more LOI on
the west side of the ESP than the east. Similar results were obtained during the stratification
testing using the single-nozzle lances as shown in Figure 27 and Figure 28.
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Figure 26. ESP Inlet Hopper Ash LOI Stratification with Multi-Nozzle Lances.
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Figure 27. ESP Inlet Hopper Ash Mercury Stratification with Single-Nozzle Lances.
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Figure 28. ESP Inlet Hopper Ash LOI Stratification with Single-Nozzle Lances.
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Six additional sorbents were injected using the single-nozzle lances following the
DARCO® E12 injection tests, and similar trends in ESP inlet hopper ash mercury
concentration and LOI were seen as shown in Figure 29 and Figure 30. In Figure 31, the
mercury concentration in the ash is directly proportional to the amount of LOI in the ash.
These data indicate more clearly that the sorbent is not distributed uniformly from side to
side as indicated by the LOI and mercury content in the hopper ash.
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Figure 29. ESP Inlet Hopper Ash Mercury from Six Sorbent Tests with Single-Nozzle
Lances.
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Figure 30. ESP Inlet Hopper Ash LOI from Six Sorbent Tests using Single-Nozzle
Lances.
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Figure 31. Relationship between LOI and Mercury in ESP Inlet Hopper Ash.

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

ESP Performance

ESP performance was affected by some sorbents in terms of spark rates and power.
Opacity spikes were noted during some tests. Results of ESP performance monitoring are
presented in the sections below.

Spark Rates and Power

Most of the sorbents tested resulted in increased sparking in the ESP. Moreover,
spark rate generally increased as sorbent concentration increased as shown in Figure 32. The
increase in sparks per minute in the TR sets corresponding to the first two mechanical fields
is shown in Figure 33. There are two TR sets per mechanical field (as defined by the hopper
locations) and the spark rate in these two electrical fields was averaged to simplify the
presentation of the results. Thus, spark rate in TR sets A and C was averaged for Field 1 on
the east side (B-Side), and B and D were averaged for Field 1 on the west side (A-Side). As
shown in Figure 33, the impact of sorbent injection on spark rate was much more pronounced

on the B-Side than on the A-Side. During these tests, sorbent was being injected upstream of
both sides of the ESP.
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Figure 32. Impact of Sorbent Injection on Spark Rate.

One theory that may explain the impact of sorbent in ESP performance is the
interaction of the sorbent with SO3;. SOj; concentration affects the resistivity of the fly ash
and the resulting behavior of the ESP as ash is collected. The effect of SOs on resistivity
trends towards zero as the temperature approaches 350 °F, with an insignificant effect at
temperatures greater than 350 °F. The data shown in Table 5-8 indicate that the temperature
of the B-Side during high load operation ranges from 319 to 361 °F and that the A-Side
ranges from 285 to 309 °F. Any changes in the SO concentration due to sorbent injection
should have a greater impact on the B-Side of the duct because more SOj3 is required to
improve the resistivity at higher temperatures than at lower temperatures. Thus, the impacts
on ESP performance noted do not necessarily indicate higher sorbent loading on the east side
compared to the west.

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

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

1/

n
o

(2]

Feed (Ib/min)
o (3] 8 &
i —
—

Setpoint Sorbent

B
o

w
o

T

-
o

6A sparks/min
N
o

o

a0
30
20 |
10

0

6C sparks/min

40
30
20 m h
10 4l \ I|||| - ,
0 J-mw
40

30
2 I

6E sparks/min

6G sparks/min

|
10
0 l A lulIJllTl.J. IR, T . ol PP,

L m
40

|
A L
30 -
L |
127 PP e B VIR .ll‘. TP . " - Al S L - —

3/27 3/27 3/27 3/27 3/28 3/28 3/28 3/28 3/29 3/29 3/29 329 3/30 3/30 3/30 3/30 3/31 331 331 331 41
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

61 sparks/min

Figure 35. B-Side ESP Spark Rate in Fields A-I during Parametric Week 2.
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Figure 36. Relative ESP Power during Sorbent Injection—TR Sets A-D.
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Figure 37. Relative ESP Power during Sorbent Injection—TR Sets E-H.
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Duct Opacity

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

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

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

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

SA SA of SA of

sl LOI % | Sorbent % m/ Mixture Sorbent

8 m?*/g C m®*/g C
5474
DARCO® Hg 67 100 471.63 703.93 703.93
5471
DARCO® E-12 67 100 365.14 544.99 544.99
5242
Fly Ash Only 0.51 0 0.42 82.35 —
5389
Fly Ash + DARCO® Hg 3.29 4.18 12.40 376.90 433.02
5403
Fly Ash+ DARCO® E-12 2.90 3.59 13.00 448.28 528.53

Sorbent Screening Results and Discussion

Forty-six (46) materials were tested in three rounds of fixed-bed screening tests at
Conesville using the SSDs. Thirty-six (36) samples were evaluated during the first round,
seventeen (17) during the second round, and seven (7) during the third round. Some
materials were tested in more than one round. An analysis of the results is included in this
section along with a discussion of operating conditions that may have affected the results.

Non-Ideal Operating Conditions and Modifications to the SSD

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

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

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

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

Figure 41 shows the mercury concentration measured at the outlet of the sorbent bed
from Round 3 testing as the test progressed. Data from Rounds 1 and 2 are not included
because of sampling issues. During one test, the bed consisted only of sand (no sorbent) to
assure that no removal was occurring in the system. For this test, the CEM measured the
same mercury concentration as the ESP inlet CEM. Between tests, the sorbent bed was
removed and the probe was reinserted so that measured mercury concentration could be
compared to inlet CEM value.

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

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

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

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

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

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

Where R = Fractional mercury removal = 0.5
Sg = mercury loading on sorbent at R Hg removal
1 pg/sm’ = 40.382 E —6 Ib/MMacf

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

Table 18. Summary of Sorbent Usage Projections for Conesville.

Cumulative Hg Estimated Injection
Collected in Bed Concentration
(ng Hg/g sorbent Required for 50%
normalized to 50 Sorbent-to-gas ratio | removal at 20 pg/sm’
pg/sm’ for 50% removal at (= 5x sorb/gas ratio)
Sorbent at 50% Hg removal) 20 ug/sm3lb/MMacf Ib/MMacf
DARCO® Hg-LH 59.1 17.1 85
DARCO® E-22 60.4 16.7 84
DARCO"® E-24 69.6 14.5 73
DARCO® E-23 94.3 10.7 54
DARCO" Hg 96.7 10.4 52
DARCO" E-21 96.7 10.4 52
DARCO" E-12 162.4 6.2 31

SSD Compared with Full-Scale Injection Tests

Data from the full-scale injection tests are compared with the Round 2 SSD results in
Figure 43. Not all full-scale results are included on this plot (several that were not tested in
the SSD are omitted). The SSD data falls into the same range as the full-scale injection data.
Note that the injection concentration shown for the SSD data is 5 times the sorbent-to-gas
ratio.
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Figure 43. Comparison of Full-Scale Injection and SSD Results.

KNX Test Results

Prior to the start of KNX testing, the average total vapor-phase mercury
concentrations at the inlet and outlet of the ESP were 25.7 ug/sm’ and 24.7 pg/sm’,
respectively. The mercury concentration at the outlet to the WFGD was 7.2 pg/sm’. This
represents very little vapor-phase mercury capture across the ESP and 72% removal across
the WFGD.

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

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

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

Conesville Topical Report 59
41986R24



DISCUSSION AND RECOMMENDATIONS

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

e Native (baseline) mercury levels and removal:

ESP native mercury capture is very low at Conesville, from 0 to 20%. The
mercury is 60 to 70% oxidized at the ESP outlet (upstream of the WFGD) and 90%
elemental at the WFGD outlet.

Most of the oxidized mercury is removed in the WFGD.
Mercury ranges from 13 to 33 1b/TBtu at the ESP.

e Parametric Testing:

Most of the eighteen sorbents tested at full-scale increased T/R set spark rates,
decreased power levels, and/or impacted opacity.

Several sorbents demonstrated some improvement over the benchmark sorbent,
DARCO® Hg.

The maximum incremental removal by a sorbent was approximately 31%
(DARCO® E-12 at 12 Ib/MMacf). The next highest removal was 25% (Sorbent
Technologies EXP-2 at 16 Ib/MMacf). Both of these sorbents had an opacity
impact that would require further evaluation.

Changing the injection lance design did not improve mercury removal.

Injecting the coal additive KNX resulted in a marginal improvement in the
mercury removal across the ESP + WFGD from 72 to 76%.

Mercury removal using the benchmark sorbent increased from 8% at 9.5 Ib/MMacf
DARCO® Hg to 15.6% at 8 Ib/MMacf DARCO® Hg when injected with the coal
additive KNX.

e Options for improving performance:

Improved sorbents
Control SO3, possibly with alkali co-injection
Inject PAC upstream of APH

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

e The total mercury from STM tests have compared favorably with CEM
measurements. At both the ESP inlet and outlet locations, and on the east and west
sides, directly comparable samples are within 10%, with few exceptions.
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The challenges identified and characterized at Conesville stemming from the high
concentration of SO; in the flue gas may represent a larger obstacle to mercury control for
the industry than just units that fire high-sulfur coal. The presence of SOs in flue gas appears
to decrease mercury capture by activated carbon, sometimes dramatically. SO; may be
present in sufficiently high concentration in several common plant configurations including
low-sulfur units using SOs for flue gas conditioning and units where an SCR converts
sufficient SO, to SO;. Although some sorbents performed better than the benchmark
sorbents, DARCO® Hg and DARCO® Hg-LH, in general the sorbents tested at Conesville did
not show significant mercury removal. However, the more promising sorbents may perform
well in plant configurations with slightly lower SO, and/or SOj3 in the flue gas.

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

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

Project Overview

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

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

Coal / Options | APC Capacity (MW) / | Current Hg
Test Portion Removal
(%0)*
Sunflower Electric’s | PRB & Blend | SDA — Fabric 360/ <15
Holcomb Station Filter 180 and 360
Basin Electric’s PRB SDA - ESP 550/138 <10
Laramie River
Station
DTE Energy’s PRB - E. Bit. | SCR - ESP 785/196 <50
Monroe Station Blend
AmerenUE’s PRB ESP 140/ 70 <25
Meramec Station
American Electric Bituminous ESP + Wet 400 /400 ~50
Power’s (AEP) FGD
Conesville Station




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

Host Site Description: Conesville Unit 6

AEP’s Conesville Power Plant is located near Coshocton, OH. The Unit 6 boiler
is a 400 MW Combustion Engineering (ALSTOM) designed tangential fired PC unit that
normally fires high sulfur eastern bituminous coal. The unit is equipped with cold-side
Research Cottrell ESPs. Flue gas is drawn through the ESPs via ID fans. The ID fans
discharge flue gas into two Universal Oil Products wet lime absorber modules. The
modules have partial bypass capability and have been retrofitted with a B&W tray design.
The system is typically operated with the bypassed closed. The bypass valves have a
design leak rate of 5% of the flow. A sketch of the unit layout is presented in Figure 1.
Testing is planned for the entire 400 MW unit.

ID Fans

|

/

Scrubbers
Injection \

Stack

\ Scrubber Outlet Sampling
ESP Outlet Sampling

Inlet Sampling

Figure 1. Layout sketch of Conesville Units 5 and 6



Table 2. Conesville Key Operating Parameters

Unit 6
Size (MW) 400
Test Portion (MWe) 400
Coal High sulfur Ohio Basin Bituminous
Heating Value (as received) 11,020
Sulfur (% by weight) 3.31
Chlorine (ppm dry) 273
Mercury (ppm dry) 0.381
Particulate Control Cold Side ESP
SCA =301 ft*/kacfm
Sulfur Control Wet FGD
Ash Reuse FGD Sludge Stabilization

General Technical Approach

Activities at each test site in this program are divided into the seven tasks shown

in Table 3. These tasks provide the outline for the

Table 3. Site-Specific Tasks

test plan.

Task Description
1 Host site kickoff meeting, test plan, and sorbent selection
2 Design and installation of site-specific equipment
3 Field Tests
3.1 Sorbent selection
3.2 Sample and data coordination
3.3 Baseline tests
34 Parametric tests
3.5 Long-term tests
4 Data analysis
5 Sample evaluation
6 Economic analysis
7 Site report

Task 1. Host Site Planning and Coordination

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

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

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

Sorbent Selection

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

Task 2. Design, Fabricate, and Install Equipment

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

Table 4. Scopes of Work for Sorbent Injection System

ADA-ES Transportable System Provided by Host Site

Injection Silo and Feeder Foundation and power

Sorbent Injection System Injection ports

Sorbent Distribution Manifolds Test ports

Conveying Hose (400 ft) Access platforms

Sorbent Injectors Installation labor

PLC Controls Compressed air

Hg CEMs Power, Compressed Air

Office Trailers (est. 3) Signal Wiring / Telephones / Power

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

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

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




Sorbent Injection System Description

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

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

-‘u- T ): -';
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Figure 2. Carbon Injection Storage Silo and Feeder Trains Installed at Holcomb
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Figure 3. Injection port locations on the Conesville Unit 6 ESP inlet duct

Mercury CEM Description

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

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

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

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

inertial filter.

Mercury Analyzer

Mercury Calibrator

Zero Air Supply

Probe Control Module
(Pressure and Temperature)

Exhaust Fr‘

Probe/Converter

Diluted sample

v
A\ o
Y

“— Chamber P‘ ’A‘

Hg Total

Hg Elem

Filter Inlet
Orifice Inlet

Hg Span

Zero Air

Hg Source q |
E |
Hg Scrubber -

d

F‘ EéScrubber ;

le—

Clean,

Blowback Air
Eductor Air
Dilution Air

Dry Air

%Q

Figure 4. Thermo Electron Mercury Freedom System™.

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

Task 3. Field Testing

The field tests will be accomplished through a series of five (5) subtasks. The
subtasks are independent from each other in that they each have specific goals and tests
associated with them. However, they are also interdependent, as the results from each
task will influence the test parameters of subsequent tasks. A summary of each task is

presented.

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

screening tests.




Subtask 3.1 Sorbent Selection

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

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

4" Flanged
Sample Port

0 Filter/Dryer
I .l Regulator <—|:|

J SSD Probe —>| Silica Gel |—»| DGM 1 f—@
<.

w/Inertial Filter

and two Test Beds \.b\
—| silica Gel |»{pem2 |+
<. \

| —

A | Gas Sampling
Temp Box Power
Controller 20 A
20A

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

Figure 5. SSD Components and Power Requirements



Subtask 3.2 Sample and Data Coordination

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

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

Manual mercury samples using ASTM M6784-02 (Ontario Hydro Method) will
be collected at the ESP inlet and wet FGD outlet locations. Because of the influence of
HCI, HF, and SOs on sorbent effectiveness, Method 26a measurement (HCl and HF) and
controlled condensate measurements (SOs3) will be made during the same sampling
campaign as the Ontario Hydro samples will be collected to better characterize the flue
gas. The outlet particulate emissions are a key parameter to assess the impact of carbon
injection on ESP performance. Therefore, particulate emission measurements will be
made with EPA Method 5 or 17 at the inlet and outlet of the ESP. Activated carbon has
been shown on previous tests to be effective at removing other metals. Therefore, EPA
Method 29 measurements will also be made. Three sampling runs of each test method
will be conducted over the baseline test week. It is anticipated that AEP’s in-house
sampling team will conduct the manual source testing.

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

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

settling and dewatering performance as a result of carbon injection. The specific tests
will be identified following discussing with AEP laboratory personnel.

Gas Flow Gas Flo
32 31 30 29 28 27 26 25
24 23 22 21 20 19 18 17
16 15 14 13 12 11 10 9
8 7 6 5 4 3 2 1
East ESP West ESP
*Sampled Hopper

Figure 6. Hopper Diagram

11




Table 5. Data Collected During Field Testing

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

Coal Batch sample Yes Yes

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

Fly ash Batch sample Yes Yes

Scrubber Slurry Batch sample Yes Yes

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

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

Temperature Full traverse ESP inlet, single port Yes No
traverse from each ESP outlet duct

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

Mercury (total and Hg CEMs at ESP inlet/outlet Yes Yes

speciated)

Mercury (total and ASTM M6784-02 (Ontario Hydro) Yes No/Yes

speciated) at ESP inlet/outlet, WFGD outlet (1 set) (2 sets)

Multi-Metals Method 29 at ESP inlet/outlet Yes, outlet | No/Yes, outlet

Emissions

Particulate EPA Method 17 Yes Yes

Emissions TEOM continuous particulate monitor Yes Yes (par.)

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

SO; Controlled Condensate Yes Yes

Sorbent Injection PLC, Ibs/min No Yes

Rate

Plant CEM data Portable monitor at ESP outlet location Yes Yes

(NOy, Oy, SO,, CO)

Stack Opacity Plant data — WFGD inlet Yes Yes

Pollution control Plant data Yes Yes

equipment

(Sec mA, Sec. Voltage, Sparks, slurry
feed rate, etc...)
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Table 6. Tentative Sample Collection Schedule

Test Type Frequency Volume
Condition Collected
Coal Daily 1 liter
ESP Ash Daily:
One Hopper Each Field, Middle 1 liter
Row (e.g.4,12,20,28)
2 samples per week 1 liter
Four Inlet hoppers (26,28,30,32)
. 2 sample per week during source testing: | 3 liters*
Baseline
Four Inlet hoppers (26,28,30,32)
and Four Row 2 hoppers (18,20,22,24)
Two Row 3 hoppers (10,12,14,16)
Long Term Two Row 4 hoppers (2,4,6,8)
Weekly: 5 gallon —
One Inlet Hopper (28) Sample, each
Ash Silo
Scrubber 2 samples per week: 1 liter, each
Samples Lime Feed, Flocculant Feed, Solid
Byproducts, Liquid Byproducts
Bottom Ash | 2 samples per week 1 liter
Coal Daily 1 liter
ESP Ash Daily:
One Hopper Each Row, One Inlet 1 liter
Parametric

Hopper on each side (4,12,20,28,30)

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

3 liter, each*

* If sample collection is possible

Subtask 3.3 Baseline Testing

Once the equipment is installed, one week of baseline testing (no sorbent
injection) is scheduled. During the baseline testing series, mercury measurements will be
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made at the inlet of the ESP and outlet of the wet-FGD. These data will be used to
characterize native mercury capture across the ESP and wet-FGD without sorbent
injection. Unit operation will be set at conditions expected during the parametric tests. It
is anticipated that boiler load will be held constant at full-load and that the air pollution
equipment will be operated under standard full-load conditions. ASTM M6784-02
(mercury) measurements, EPA Method 29 (multi-metals) and Method 26A (HCI and HF)
measurements will be conducted in conjunction with the mercury monitors during this
subtask. Method 17 particulate samples and controlled condensate SO; measurements
will also be collected during this subtask.

Subtask 3.4 Parametric Testing

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

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

Sorbent Price/lb
Calgon RUV-N $0.74
Sorbent Technologies $0.75
Donau Desorex DX700C $0.42
Norit DARCO Hg $0.45
Norit DARCO Hg-LH $0.85
Norit DARCO E-12 $0.55
Norit DARCO E-13 $0.55

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

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

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

Subtask 3.5 Long-Term Testing

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

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

Test Description | Start Parameters/Comments Boiler
Date Load
Week 1: Baseline | 3/13/06 | Day 1 - Test crew set-up no restrictions on boiler load Full
Day 2 — Manual Sampling” Load® 24
Day 3 — Manual Sampling® hours per
Day 4 — Manual Sampling” day
Day 5 - Manual Sampling”
Week 2: Screening | 3/20/06 | Day 1 — DARCO Hg, 6 Ib/MMacf Full Load
Day 2 - DARCO Hg-LH, 6 Ib/MMacf 6AM-
Day 3 — DARCO E-12, 6 Ib/MMacf 6PM
Day 4 — Calgon RUV-N, 6 Ib/MMacf
Day 5 — Donau DX700C, 6 Ib/MMacf
Week 3: Screening | 3/27/06 | Day 1 — Sorbtech EXP-2, 6 Ib/MMacf Full Load
Day 2 — DARCO E-13, 6 Ib/MMacf 6AM-
Day 3 - DARCO Hg, 2 and 4 Ib/MMacf 6PM
Day 4 — TBD, 2 and 4 Ib/MMacf
Day 5 — TBD, 2 and 4 Ib/MMacf
Break 4/10- Review Results from Parametric Tests
4/14/06 | Define Operating Conditions for Long-Term Tests
Week 4: 4/17/06 | Day 1 — TBD, Hg removal 1 and 2° Full Load
Parametric Day 2 — TBD, Hg removal level 3° 6AM-
Optimization and Day 3-5 Sorbent and concentration TBD. 6PM
Temp.
Stratification
Long-term tests 4/21/06 | Operate at consistent injection rate 24 hours a day, 4 Full Load
weeks, while load following. Conduct Manual Sampling | only
tests during week 4. . during
Ontario
Hydro

* Manual Sampling includes: ASTM M6784-02 (mercury), STM (modified 40 CFR, pt.

75 app.K, mercury), EPA M5 or 17 (particulate), EPA M26a (halogens), Controlled
Condensate (SOs), EPA M29 (Multi-Metals)

® Close-Coupled Over-Fire Air for all tests

‘Hg removal levels 1, 2 and 3 will be identified by the test team after reviewing
“screening” results

16




During long-term testing, the Hg CEM at the outlet of the ESP will be monitoring
flue gas exiting one duct. In an effort to better characterize the emissions from the
Conesville Unit 6 ESP, STM tests will be conducted on the other three ducts. Two
sampling consoles are available through the project. These will be configured for
duplicate simultaneous sampling on one duct. These will be moved daily to collect
emissions data across the unit. If AEP has additional sampling systems available to
dedicate to the program, additional samples will be collected.
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Task 4. Data Analysis

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

e Boiler Load
e Boiler Excess O,
e Coal
o Coal firing rate
o Coal trainload data (e.g. short prox and ultimate analysis)
e Temperatures
o Economizer Outlet Temperature
o Air Preheater Outlet Temperature
o ESP Outlet/Scrubber Inlet Temperature
o Scrubber Outlet Temperature
e ESP Electrical Conditions
o Secondary Current
o Secondary Voltage
o Secondary Power
o Spark Rate
e Wet Scrubber Operation
Liquid/gas ratio
Fresh slurry feed rate and percent solids or surrogate (i.e. pump amps)
Recycle feed rate and percent solids
Operating pH
SO inlet, if available, or scrubber efficiency
e CEM data
Opacity
CO
CO,
SO,
NOx
Stack Gas Flow
Stack Gas Temperature
¢ Ambient Temperature
e Ambient Barometric Pressure

o

@)
)
©)
)

O O O O O O O

Many signals typically archived by the plant will be monitored to determine if any
correlation exists between changes in mercury concentration with measured plant
operation. A correlation is not unusual between temperature and load, for example.
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Task 5. Coal and Byproduct Evaluation

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

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

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

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

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

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

The SDMS will have the capabilities to query certain data sets and generate plots and
other necessary documents.

For data control and security, access to the sample database is limited to the
ADA-ES project manager, site manager, and sample manager. Operators collecting

19



samples will be able to upload information to the database and print sample labels and
Chain-of-Custody forms. ADA-ES will include results with regularly issued reports to
the test team.

Table 8. Summary of Byproduct and Waste Characterization Testing

Series Test Purpose Test Method Comments
. Measures leachable Hg, As, Ba, Cd,
1 Ash Disposal TCLP (SW846-1311) Cr. Pb, Se, Ag
Environmental SGLP Measures leachable Hg at 18 hours,
Stability — 2 weeks, and 4 weeks
2 Leaching
3 Special Testing Various As needed for troubleshooting or site-

specific information needs

Task 6. Design and Economics of Site-Specific Control System

After completion of testing and analysis of the data at each plant, the requirements
and costs for full-scale permanent commercial implementation of the selected mercury
control technology will be determined.

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

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

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

Task 7. Prepare Site Report

A site report will be prepared documenting measurements, test procedures,
analyses, and results obtained in Task 2. This report is intended to be a stand-alone
document providing a comprehensive review of the testing that will be submitted to the
host utility.
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Schedule
The tentative schedule for activities at Conesville is shown in Figure 7.

2005 2006
Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec
Planning I |
Design and Install Equipment —
Field Testing
Sorbent Screening —
Baseline a
Parametric -
Long-Term —
Data Analysis l l
Coal and Byproduct Analysis l |
Economic Analysis —
Site Report —

Figure 7. Tentative Schedule for Conesville in 2006
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Key Personnel

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

Table 9. Key Project Personnel for Conesville Mercury Field Evaluation

Name Company | Role Phone # E-MAIL/Cell Phone
Aimee Toole AEP Project Manager | 614-716-1570 |artoole@aep.com
Columbus 614-309-9582
Gary Spitznogle | AEP Project Manager | 614-716-1570 |gospitznogle@aep.com
Columbus 614-716-3671
Georgeanne AEP Environmental 740-829-4065 | gmhammond@aep.com
Hammond Conesville | Coordinator
Paul Medaugh AEP Site Engineer 740-829-4060 |pamedaugh@aep.com
Conesville
Sharon Sjostrom | ADA-ES Program Manager |303-339-8856 |sharons@adaes.com
303-919-8538
Cody Wilson ADA-ES Site Manager 303-339-8860 |codyw(@adaes.com
303-358-0825
Jerry Amrhein ADA-ES Hg CEM 303-339-8841 |jerrya@adaes.com
303-921-8138
Richard Schlager | ADA-ES Contracts 303-339-8855 |Richards@adaes.com
Connie Senior Reaction Tech Expert: Coal | 801-364-6925 |senior@reaction-eng.com
Engineering | and Byproducts, | ext 37
Flow Modeling
Michael Durham | ADA-ES Technical Expert |303-734-1727 |miked@adaes.com
Jean Bustard ADA-ES Technical Expert |303-734-1727 |jeanb@adaes.com
Andrew O’Palko | DOE/NETL | DOE/NETL 304 285-4715 |andrew.opalko@netl.doe.g
Project Manager ov
Ramsay Chang EPRI EPRI Project 650-855-2535 |Rchang@epri.com
Manager
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ADA-ES, Inc. is conducting an evaluation of sorbent injection for mercury control at AEP’s Conesville
Power Plant. The overall objective of this project is to determine the cost and effects of sorbent
injection for control of mercury in stack emissions.

During the evaluation, fuel samples and certain process byproducts will be collected for determinations
of mercury content, stability, and other analytes. Process byproducts of interest include but are not
limited to:

e Bottom Ash
e ESP Fly Ash
e Scrubber Byproducts

Sample and data management are needed for tracking approximately 400 samples from various liquid
and solid process streams at the Conesville Power Plant. ADA-ES has developed a Sample and Data
Management System (SDMS) that will store test data from the evaluation. These data can be used to
generate reports, track sample history, and input results from laboratory analyses.

ADA-ES will also store plant operational data and other test data during the evaluation. Pertinent plant
operating parameters will be logged electronically. ADA-ES will include results with regularly issued
reports to the test team.

Sampling Locations

Samples of various gaseous, liquid, and solid process streams will be collected during the evaluation.
Specific flue gas samples are not included in this document. Sampling locations for Conesville Power
Plant Unit 6 are shown in Figure 1.

Sample Management Plan — AEP Conesville Power Plant
Project #: 03-7006-74
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Figure 1. Conesville Power Plant Unit 6 Configuration and Sampling Locations.
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Sample Collection

Coal and combustion byproducts will be collected during the mercury control evaluation.
Samples will be segregated by the test condition (baseline, each parametric test, and long-
term test). Collecting a representative sample is the primary objective of the sampling
strategy. Representative samples will be collected only under stable and normal operating
conditions unless otherwise directed by ADA-ES personnel.

Sample Streams

Coal Samples — Daily as-received samples will be provided to ADA-ES. If the caol delivery
schedule is such that coal is being loaded from the coal pile, the belt loading the bunkers will
be stopped to collect a sample across the belt. This will ensure the coal sample collected is
representative of the coal being fired during the test period.

Bottom Ash — Bottom ash samples should be collected prior to being mixed with any other
process streams. Bottom ash samples will be collected two times a week during baseline and
long-term testing from the bottom ash conveyor. Collection locations shall be specified by
Conesville Station personnel.

ESP Fly Ash — Grab samples of ash will be collected from the ESP hoppers each day of
testing. Samples will be segregated by the test condition (baseline, each parametric test, and
long-term test). The samples will be stored in 1-liter or 5-gallon sample containers for
shipping to the analytical laboratories. The schedule indicates sampling from multiple rows
on both the control side and test side of the ESP. These samples will be used to determine if
stratification exists throughout the system and to compare ash properties of the test side with
the control side.

Ash samples should be collected at approximately 1:00pm every weekday to ensure the
sample collected is representative of the ash during the test period. A sketch showing the
hoppers from the ESP is shown in Figure 2. The shaded hoppers indicate the hoppers from
which fly ash samples will be collected.

Ash Silo — Ash samples will also periodically be collected from the Unit 6 ash silo to
determine the properties of the ash collected in the ESP as a whole.

Scrubber Samples — Grab samples of the lime and flocculent feed streams to the scrubber,
and solid and liquid byproduct streams from the scrubber will be collected during the
baseline and long-term test periods. The samples will be used to identify the effects of
sorbent injection on scrubber byproducts and allow a mercury balance to be conducted.

Sample Management Plan — AEP Conesville Power Plant 3
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Figure 2. ESP Hopper Layout and Sampling Locations.
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Table 1. Tentative Sampling Schedule.

Test Type Frequency Volume
Condition Collected
Coal Daily 1 liter
ESP Ash Daily:
One Hopper Each Field, Middle 1 liter
Row (e.g.4,12,20,28)
2 samples per week 1 liter
Four Inlet hoppers (26,28,30,32)
Baseline 2 sample per week during source testing: | 3 liters*
and Four Inlet hoppers (26,28,30,32)
Four Row 2 hoppers (18,20,22,24)
Long Term Two Row 3 hoppers (10,12,14,16)
Two Row 4 hoppers (2,4,6,8)
Weekly: S gallon —
One Inlet Hopper (28) Sample, each
Ash Silo
Scrubber 2 samples per week: 1 liter, each
Samples Lime Feed, Flocculant Feed, Solid
Byproducts, Liquid Byproducts
Coal Daily 1 liter
ESP Ash Daily:
One Hopper Each Row, One Inlet 1 liter
Parametric

Hopper on each side (4,12,20,28,30)

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

3 liter, each*

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

Sample Management Plan — AEP Conesville Power Plant
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Sample Management Strategy

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

Collection

v

Sealed and
Labeled

v
v v

Chain of iamil.e
Custody racking
System

v v

Ship Samples to ADA-ES/Subcontractor
Laboratory

Laboratory
Testing

v

Input Lab
Results into
Database

v

Review Results

QA/QC
v

Report

Figure 3. Sample Management Flowchart.
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Once the samples have been collected, they will be delivered to ADA-ES personnel to be
sealed and labeled. The samples will be logged into a database and given a sample
identification number. Authorized project team members will have access to the database to
see which samples have been collected and are available for testing.

Once the samples have been sealed and labeled, ADA-ES personnel will generate a Chain-of
Custody (COC) form to be delivered with each shipment of samples. The COC will be used
for sample tracking and identification. Although ADA-ES will not enforce the strict COC
procedures (e.g., signatures to release sample custody, controlled access), all pertinent
information will be recorded.

Several samples, along with a COC, will be shipped directly from the plant to AEP’s Dolan
laboratory for analysis. Examples include coal samples collected for ultimate and proximate
analysis.

Sample Analysis

Although previous tests from this program and others have shown that the byproducts mixed
with activated carbon are highly stable, it is important to continue evaluating these
byproducts for each condition using well-established and documented techniques, and new
techniques designed to perform even more robust analyses of the byproducts. Additional ash
samples will be collected and archived for other tests, including tests requested by EPA,
DOE, and independent companies approved by DOE. No samples will be shipped to outside
firms without prior approval of AEP and DOE.

Standard leaching test methods conducted on the fly ash samples will include the Toxicity
Characteristic Leaching Procedure (TCLP, SW846-1311) and the synthetic groundwater
leaching procedure (SGLP). Solid and liquid samples will be collected and analyzed
according to the methods as prescribed in Table 2. If a chemically treated sorbent is chosen
for long-term tests, leaching of the chemical used in the treatment process will be reviewed.

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

Sample Management Plan — AEP Conesville Power Plant 7
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Table 2. Summary of Byproduct and Waste Characterization Testing

Series | Test Purpose Test Method Comments
. Measures leachable Hg, As, Ba, Cd,
1 Ash Disposal TCLP (SW846-1311) Cr. Pb, Se. Ag
Environmental Measures leachable Hg at 18 hours,
Stability — EERCSGLP 2 weeks, and 4 weeks
3 Leaching
4 Special Testing Various As needed for troubleshooting or site-

specific information needs

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

generated summarizing results from the sample analyses.

Flue Gas Samples

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

Sampling Location

Sample/Type

Sampling Method

Analytical Method

ESP Inlet Speciated Mercury Ontario Hydro EPA SW 846 7470 cold vapor atomic absorption spectrometry
(CVAAS)
HBr, HCI, HF, BR,, CL, M26a lon chromatography per the promulgated EPA Method 26a
Particulate Matter M17 Gravimetrically
Hg M324 EPA Method 1631
Total/Elemental Mercury Continuous Hg CEM
SO, Controlled Per Method
Condensate
ESP Outlet Speciated Mercury Ontario Hydro EPA SW 846 7470 cold vapor atomic absorption spectrometry

(CVAAS)

HBr, HCI, HF, BR,, CL, M26a lon chromatography per the promulgated EPA Method 26a
Particulate Matter M17 Gravimetrically
Hg M324 EPA Method 1631
Total/Elemental Mercury Continuous Hg CEM
Coal Fuel to Boiler Hg Grab Sample ASTM D6414-99 or 01
Cl Grab Sample Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry)
Br, F Grab Sample Neutron Activation Analysis
Ultimate Analysis Grab Sample
Proximate Analysis Grab Sample
Trace Metals Grab Sample
Bottom Ash, Fly Ash, | Hg Grab Sample ASTM D6414-99 or 01
Scrubber Byproducts -, Grab Sample Modified ASTM D5808 (Oxidative Hydrolysis Microcoulometry)
LOI / Carbon Content Grab Sample
Leaching Grab Sample TCLP, SW846-1311, SGLP
Trace Metals, Elements Grab Sample

SDM Plan — Conesville Station
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Vapor-Phase Mercury Emissions Using Sorbent Trap Method (STM)

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

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

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

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

The sample train is fairly simple, as shown in Figure C-2. Major components are a
dry sorbent trap mounted directly on the end of a probe (usually heated), a moisture knockout
outside the duct, and a sampling console that controls the sampling rate and meters the flue
gas, as well as recording data in a data logger. Key temperatures, sampling volume, and
barometric pressure are recorded on field sampling data sheets and/or by a data logger for
each sample run.

Duct Wall
Temperature
Sensor
Port/Probe Water Desicoant
Flanges Knockout
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Figure C-2. Sample Trainercury concentration in units of ug/dNm’. Using stack gas
flow rate and gaseous data from the plant’s CEMS and coal Ultimate Analysis (or EPA
Method 19 F-Factors, if Ultimate Analysis is unavailable), results can be calculated and
reported in Ib/TBtu.
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Carbon Injection and Delivery System

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

Figure D-1. Carbon Injection Storage Silo and Feeder Trains



APPENDIX E: Mercury CEMs

Conesville Topical Report 105
41986R24



Mercury CEMs

Two mercury CEMs, Thermo Electron Mercury Freedom System™, were placed at

the inlet and outlet of the ESP to characterize typical mercury concentrations, speciation, and
native mercury behavior. The performance of these systems was verified using Ontario
Hydro (OH) measurements and Sorbent Trap Method measurements.

Three key components of the CEM are the sample extraction probe/converter, the

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

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

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

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




Mercury Analyzer

Mercury Calibrator

Zero Air Supply

Probe Control Module
(Pressure and Temperature)

Exhaust
Probe/Converter
Diluted sample
| )
: Filter Inlet
I Orifice Inlet
|
|
A A A 1 3
Hg Span
Hg Scrubber Zero Air
Cl
2 = =
5] L%
-« 8 gl 2
Clean, Dry Air z 3| 2
:J ) |

Thermo Electron Mercury Freedom System™




APPENDIX F: Sorbent Screening Devices

Conesville Topical Report 108
41986R24



Sorbent Screening Devices

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

Location of SSD Tests

Figure F-1. ESP Outlet Location for Sorbent Screening

F.1 Extractive Device

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

A typical test consisted of installing the test beds, leak-checking, heating to 325°F,
and then drawing flue gas through the assembly for 90 minutes. Upon subsequent analyses,
the mercury collected in the test beds and carbon traps were used to determine the mercury
removal efficiency of the sorbent. For these tests, the inlet mercury concentration was
calculated as the sum of the mercury in the test bed and carbon trap. The mercury removed
by the sorbent is the amount of mercury in the sorbent bed divided by the inlet mercury.
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F.2 In-Situ Device

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

nl
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\ | M
Screen SS Iﬂ
Notched Pin SS
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Sorbent Bed Screen SS

Glass Filter Paper 70mm

Figure F-5. Probe-tip Sorbent Screening Bed
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CERTIFICATION SHEET
Having reviewed the test program described in this report, | hereby certify the
data, information, and results in this report to be accurate and true according to
the methods and procedures used.

Data collected under the supervision of others is included in this report and is
presumed to have been gathered in accordance with recognized standards.

PLATT ENVIRONMENTAL SERVICES, INC.

=dJd P>

Eric Ehlers
Senior Project Manager




1.0 INTRODUCTION

Platt Environmental Services, Inc., (“Platt Environmental”) performed a baseline
speciated mercury, halogens, metals and particulate emission test program on
the Unit 6 ESP Inlet and Outlet at the Conesville Power Plant of American
Electric Power Company (AEP) in Conesville, Ohio on March 14 through 17,
2006. Speciated mercury was also measured at the Unit 6 FGD Outlet. The tests
were authorized by AEP and performed for ADA-ES, Inc. The halogens that were
measured are: hydrogen chloride (HCI), hygrogen fluoride (HF), bromine (Br»),
hydrogen bromide (HBr), and chlorine (Cly).

The purpose of this test program was to establish baseline emissions for the
above parameters during normal operating conditions. The halogens measured
were: hydrogen chloride (HCI), hygrogen fluoride (HF), bromine (Bry), hydrogen
bromide (HBr), and chlorine (Cl,).

1.1 Project Contact Information

Test Coordinator ADA-ES, Inc. Mr. Cody Wilson
8100 South Park Way Project Engineer
Unit B 303-734-1727 (phone)
Littleton, Colorado, 80120 303-734-0330 (fax)
codyw@adaes.com
Testing Company Platt Environmental Services, | Eric Ehlers
Representative Inc. Senior Project Manager
371 Balm Court 630-521-9400 (phone)
Wood Dale, lllinois 60191 630-521-9494 (fax)
eehlers@plattenv.com

The tests were conducted by Messrs. J. Halla, C. Trezak, A. Smith, Z. Linden
and E. Ehlers of Platt Environmental.



2.0 SUMMARY OF RESULTS

The following table summarizes test results at each of the test locations:

Particle Bound Mercury

Ontario Hydro 1.49 0.003 0.005
{ug/dncm)
Oxidized Mercury Ontario Hydro 20.00 23.62 1.82
(ug/dncm)
Elemental Mercury Ontario Hydro 542 7.46 13.59
(ug/dncm)
Total Mercury Ontario Hydro 26.91 31.08 15.42
(ugfdncm)
Mercury (ug/dncm) Method 29 19.94 20.97 N/A
Arsenic (ug/dncm) Method 29 145.83 32.40 N/A
Selenium (ug/dncm) Method 29 325.28 122.30 N/A
HCI (ppm) Method 26A 45.98 54.10 N/A
HF (ppm) Method 26A 1.71 2.37 NIA
HBr (ppm) Method 26A 0.45 0.32 NIA
Br, (ppm) Method 26A 0.11 0.07 N/A
Cl (ppm) Method 26A 10.38 10.29 N/A
Particulate (mg/dncm) Method 5/17 5589.47 13.41 N/A
H2SO4 (ppm) Method 8A 261 12.06 N/A

Complete test results for all test locations and parameters are appended in

Section 6.0.




3.0 DISCUSSION OF RESULTS

Source operation appeared normal during the entire test program. Test number
one of the Ontario Hydro test series at both the ESP Inlet and ESP Outlet failed
their respective post test leak checks, and were not analyzed. An additional
Ontario Hyro test run was performed at each location. The sample probe
internal heat tape at the ESP Inlet was destroyed during test two of the Halogen
test series and a portion of the liner was captured in the sample. This sample
was also rerun at both the inlet and outlet locations. Test number three at the
FGD Outlet was not included in the test average due to an apparent leak in the
sample train.

4.0 TEST PROCEDURES

All testing, sampling, analytical, and calibration procedures used for this test
program were performed as described in the Title 40, Code of Federal
Reguiations, Part 60 (40CFR60), Appendix A, Methods 1, 2, 3, 5, 17, 26A, 29,
NCASI Method 8A, and the Ontario Hydro Method.

4.1 Volumetric Flowrate Determination
In order to determine the emission rate on a lbs/hr basis, the gas velocities and
volumetric flowrates were determined using Method 2, 40CFR60.

Velocity pressures were determined by traversing the test locations with S-type
pitot tubes. Temperatures were measured using K-type thermocouples with
calibrated digital temperature indicators. The molecular weight and moisture
content of the gases were determined to permit the calculation of the volumetric
flowrate. Sampling points utilized were determined using Method 1, 40CFR60.

4.2 Oxygen (O;)/Carbon Dioxide (CO;) Determination

Oxygen (O2) and carbon dioxide (CO;) gas contents were determined in
accordance with Method 3, 40CFR60. This method collected samples in a grab
manner and analyzed the samples using a Burrell gas analyzer. Several gas
extractions were performed during each test run to ensure a stable reading.
Mandatory leak checks were performed prior to and following each use.
Chemicals are changed frequently and inspected for reactivity prior to each use.

4.3 Sulfur Trioxide (SO3) Determination

The National Council of the Paper Industry for Air and Stream Improvement Inc.
(NCASI) Method 8A, Determination of Sulfuric Acid Vapor or Mist and Sulfur
Dioxide Emissions from Kraft Recovery Furnaces. NCASI Method 8A, test
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procedure was used to determine the sulfur trioxide (SO3) concentrations and
sulfuric acid (H.SO4) mist as H,SO4 at the Unit 6 ESP Inlet and Outlet test
locations.

By using a modified Graham condenser, the gas is collected to the acid dew
point at which the SO; (H,SO, vapor) condenses. The temperature of the gas is
kept above the water dew point to prevent an interference from SO, while a
heated quartz filter system removes particulate matter.

After each run, the probe, connecting lines, controlled condensation coil, and
filter holder, were cleaned. The probe and connecting lines were rinsed with
demineralized water. The filter holder was inspected and cleaned before the next
run and the filter pad was replaced.

Prior to use, the controlled condensation coil (CCC) was cleaned and dried. The
CCC was transported to the site with a stopper in each end. The CCC was
connected to a water bath and the circulation of the (167°F - 185°F) water was
started. This evaporates any premature condensation.

With the probe still out of the stack, the train was assembled. All ball joints were
checked to ensure they were completely clean and free of dust. Because of the
possibility that the grease will seize at the temperatures employed, grease was
not used.

A leak check was performed on the complete system. If the leak rate is less than
0.003 cfm, the system was ready for use. If a leak rate greater than 0.003 cfm
was found, the system was checked for loose joints and connections. Any leak
was corrected prior to the start of the test. A post test leak check followed each
test.

The probe and the filter holder were heated to greater than 350°F and 500°F,
respectively. The heating bath is set at between (167°F - 185°F). Once the
temperatures reached these values, the run commenced.

After leak checking, the pump was again turned on and the flowrate adjusted to
8 Ipm (0.3 cfm) using the dry test meter and a stopwatch. The pump was turned
off without readjusting the valve settings.

At the end of the sampling period, the probe was removed from the duct, a leak
check performed and the pump slowly shut off. After the pressure dropped, the
CCC was removed from the system without removing the water bath hoses. The
CCC was carefully connected to the Erlenmeyer flask without spilling any
condensate in the tube. In 10 mi increments (up to 30 mis), demineralized water
was used to rinse out the CCC. The rinse solution in the stoppered Erlenmeyer
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was transferred to the laboratory and was diluted to with 100% IPA to reach a
80% IPA matrix prior to analysis.

The probe was rinsed with 30 mls of demineralized water. This solution was
transferred to the laboratory and filtered through a Whatman No. 1 filter into a 50
ml volumetric flask.

The filter and any debris from the filter holder was removed and placed into the
probe wash bottle.

The method of analysis was titration. All samples were carefully handled, stored
in clean glassware and the coil rinse was analyzed as soon as possible. All
results were recorded on the appended laboratory data sheet.

4.4 Speciated Mercury Determination

One (1) test point was sampled using one (1) port at the Unit 6 ESP Inlet and
Outlet test locations and 16 points using 8 test ports at the FGD Outlet test
location.

The speciated mercury sample train was manufactured by Environmental Supply
Company of Durham, North Carolina and meets all specifications required by
The Ontario Hydro Method. A glass-lined probe was used at the Unit 6 ESP
Outlet and FGD Oultlet locations while a Teflon lined probe was used at the Inlet
location. Drawings depicting the sampling ports, test point locations, and sample
trains are appended to this report. Velocity pressures were determined
simultaneously during sampling with a calibrated S-type pitot tube and inclined
manometer. All temperatures were measured using K-type thermocouples with
calibrated digital temperature indicators.

The outlet filter media were quartz filters exhibiting a >99.97% efficiency on 0.3
micron DOP smoke particles in accordance with ASTM Standard Method D-
2986-71. The inlet test employed a quartz-thimble prefilter. All sample contact
surfaces of the train were washed with 0.1 N Nitric Acid. These washes were
placed in sealed and marked containers for analysis. All sample recovery of
impinger solutions was performed on site.

4.5 Halogen Determination

Hydrogen chloride (HCI), hydrogen fluoride (HF), hydrogen bromide (HBr),
Bromine (Brz) and chlorine (Cl) concentrations were determined using Method
26A, 40CFR60. An integrated sample was extracted isokinetically from each gas
stream and passed through dilute (0.1 N) sulfuric acid. In the dilute acid, the HCI
dissolved and formed chloride (Cl) ions. The chloride ions were then analyzed by
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impingers. The first and second impingers contained the dilute sulfuric acid, the
third and fourth impingers contained a 0.1 N sodium hydroxide (NaOH) scrubber
solution to remove any remaining chlorine, and the fifth impinger contained silica
gel to absorb any remaining moisture. Each train was leak checked prior to and
after each run. The samples were recovered quantatively transferring the
contents of the impingers and deionized water rinses to sample jars. The
samples were mixed and labeled, and the level marked for transfer to the
laboratory. In the dilute acid, HC!, HBr and HF are dissolved and free ions which
are then analyzed by ion chromatography.

4.6 Trace Metals Determination

The Method 29 trace metals sample train is one of the comprehensive sampling
systems used to sample stack gas effluent. This system is based upon the
design of units which are normally employed for sampling under Method 5,
40CFR60. The modified system consisted of a probe, a high-efficiency glass
fiber filter stage, and four impingers.

The train consisted of the following components: a glass liner wrapped with
heating wire and a stainless steel jacket. Samples were collected while the probe
was heated to a gas temperature of 248°F + 25°F. The filter holder was
equipped with a Teflon® filter support and a tared glass fiber filter. The filter
medium was a Pall Corporation type A/E glass microfibre filters exhibiting a >
99.98% efficiency on 0.3 micron DOP smoke particles. The filter holder was
contained in an electrically heated enclosed box that was thermostatically
maintained at a temperature of 248°F + 25°F, which is sufficient to prevent water
condensation in this portion of the train.

The first and second impingers were modified versions of the Greenburg-Smith
design; initially, they were filled with 200 mis of 5% HNO3/10% H,0,. The third
impinger was also a Greenburg-Smith impinger. It was filled with 100 mls of
acidic KMnO,. The fourth impinger was filled with silica gel to absorb any
remaining moisture.

All sample contact surfaces of the train were washed with 0.1 N nitric acid. The
first two impingers were also washed with 0.1N nitric acid. The washes were
placed in sealed and marked containers for analysis.

Copies of all sample analysis sheets are appended to this report.

Calculations were performed on a computer and by hand. An explanation of the
nomenclature and calculations along with the complete test results are
appended. Also appended are the calibration data and copies of the raw field
data sheets.
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Raw data are kept on file at the Platt Environmental office in Wood Dale, lllinois.
All samples from this test program (not already used in analysis) will be retained
for 60 days after the submittal of the report, after which they will be discarded
unless Platt Environmental is advised otherwise.

5.0 QUALITY ASSURANCE PROCEDURES

Platt Environmental recognizes the previously described reference methods to
be very technique oriented and attempts to minimize all factors which can
increase error by implementing its Quality Assurance Program into every
segment of its testing activities.

Shelf life of chemical reagents prepared at the Platt Environmental laboratory or
at the jobsite did not exceed those specified in the above mentioned methods;
and, those reagents having a shelf life of one week were prepared daily at the
jobsite. When on-site analyses were required, all reagent standardizations were
performed daily by the same person performing the analysis.

Dry and wet test meters were calibrated according to methods described in the
Quality Assurance Handbook, Sections 3.3.2, 3.4.2 and 3.5.2. Percent error for
the wet test meter according to the methods was less than the allowable error of
1.0 percent. The dry test meters measured the test sample volumes to within 2
percent at the flowrate and conditions encountered during sampling.



6.0 TEST RESULTS SUMMARY

SPECIATED MERCURY TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 ESP Inlet

Test Run Number 2 3 4 5 Average

Source Condition Normal Normal Normal Normal

Datc 3/16/2006 3/16/2006 3/1772006 3/17/2006

Start Time 8:55 11:30 8:05 11:25

End Time 11:00 13:35 10:10 12:54

Particie Bound Mercury Emissions
ppb 0.012 0.008 0.132 0,515 0.167
ug/dnem 0.11 0.07 1,18 4.61 1.49
ug/dnem at 3% O, 0,15 0.10 1.66 6.47 2,10
Ib/hr 0.00039 0.00026 0.00437 0.01715 0.00554
tons/vr 0.001712 0.001146 0019158 Q075110 (.024282
Ib/mmBtu ¢.0000001 0.0000001 0.0000009 0.0000037 0.0000012
1b/Thiu 0.08659 0.05753 0.94230 3.68236 119219

Elemental Mcercury Emissions
ppb 0.594 0.571 0.467 0.788 0.605
ug/dncm 532 5.12 4.18 7.06 5.42
ug/dnem at 3% O, 7.47 7.18 5.87 9.90 7.60
ib/hr 0.01917 0.01858 0.01549 0.08153 0.03369
tons/yr 0.083978 0.081386 0.067863 0.357080 0.147577
Ib/mmBiu 0.0000042 0.0000041 0.0000041 0.0000056 0.0000045
Ib/Tbtu 4.24791 4.08446 4.08446 5.63421 4.51276

Oxidized Mercury Emissions
ppb 1.191 1.321 3.968 2.449 2233
ug/dnem 10.67 11.83 35.54 21.94 20.00
ug/dncm at 3% O, 14.97 16.60 49.85 30,77 28.05
ib/hr 0.03843 0.0429¢6 0.13165 0.08153 0.07364
tons/yr 0.168337 0.188180 0.576643 0.357080 0.322560
ib/mmBtu 0.0000085 0.0000094 0.0000284 0.0000175 0.0000160
15/Thtu 8.51507 9.44412 28.36262 17.50630 15.95703

Total Mercury Emissions
ppb 1.798 1.901 4.567 3.753 3.005

| ug/dnem 16.10 17.02 40.90 33.61 26.91
ug/dnem at 3% O, 22.59 23.88 5738 47.15 37.75
{b/hr 0.05800 0.06181 0.15152 0.12491 0.09906
tons/yr 0.254027 0.270712 0.663664 0.547112 0.433879
Ib/mmBtu 0.0000128 0.0000136 0.0000326 0.0000268 0.0000215
Ib/Thbtu 12.84958 13.58612 32.64279 26.82288 21.47534

Stack Parameters:

Avcrage Gas Temperature, °F 3333 3329 3329 334.0 3333

Average Gas Velocity, fifsce 38.497 38.680 38.888 39.001 38.766

Flue Gas Moisture, pereent by volume 7.5 7.2 6.6 6.5 7.0

Avcrage Fluc Pressure, in. Hg 28.12 28,12 28.35 28.35

Baromeiric Pressure, in, Hg 29.00 29.00 29.23 29.23

Avcrage %CO. by volume. dry basis 13.0 13.0 13.0 13.0 13.0

Average %Q; by volume, dry basis 6.0 6.0 6.0 6.0 6.0

Dry Molccular Wi. of Gas, Ib/lb-mole 30.320 30.320 30.320 30.320

Gas Sample Volume, dscf 62.866 63.087 64.512 45.090

Isokinctic Variance 100.1 99.7 99.9 99.4




SPECIATED MERCURY TEST RESULTS SUMMARY

Company: ADA

Plant: AEP Conesville

Unit: Unit 6 ESP Outlet

Test Run Number 2 3 4 Average

Source Condition Normal Normal Normal

Date 3/16/2006 3/16/2006 3/17/2006

Start Time 8:55 11:30 8.05

End Time 10:55 13:30 10:05

Particle Bound Mercury E
ppb 0.0003 0.0003 0.0004 0.0004
ug/dncm 0.003 0.003 0.004 0.003
ug/dncm at 3% O, 0.004 0.004 0.006 0.005
ib/hr 0.00001 0.00001 0.00001 0.00001
tons/yr 0.000037 0.000037 0.000052 0.000042
lb/mmBtu 0.0000000 0.0000000 0.0000000 0.0000000
1b/Thtu 0.00254 0.00254 0.00334 0.00281

Elemental Mercury E
ppb 0.504128 0.587420 1.406565 0.833
ug/dncm 4.52 5.26 12.60 7.46
ug/dncm at 3% O, 6.79 7.91 18.94 i1.21
Ib/hr 0.01296 0.01487 0.03794 0.02192
tons/yr 0.056767 0.065117 0.166171 0.096018
Ib/mmBtu 0.0000039 0.0000045 0.0000108 0.0000064
1b/Thbtu 3.86246 4.50062 10.77664 6.37990

Oxidized Mercury E
ppb 1.233786 1.823256 4.854737 2.637
ug/dncm 11.05 16.33 43.48 23.62
ug/dncm at 3% O, 16.62 24,55 65.38 35.52
b/hr 0.03172 0.04614 0.13094 0.06960
tons/yr 0.138931 0.202111 0.573538 0.304860
Ib/mmBtu 0.0000095 0.0000140 0.0000372 0.0000202
1b/Thtu 9.45286 13.96918 37.19539 20.20581

Total Mercury E
ppb 1.738246 2.411008 6.261739 3.470
ug/dncm 15.57 21.59 56.08 31.08
ug/dncm at 3% O, 23.41 3247 84.33 46.73
Ib/hr 0.04469 0.06102 0.16890 0.09153
tons/yr 0.195735 0.267264 0.739761 0.400920
Ib/mmBtu 0.0000133 0.0000185 0.0000480 0.0000266
1b/Thtu 13.31786 18.47234 47.97536 26.58852

Stack Parameters:

Average Gas Temperature, °F 337.0 339.3 330.9 335.8

Average Gas Velocity, ft/sec 38.673 38.498 40.682 39.284

Flue Gas Moisture, percent by volume 5.7 6.5 7.1 6.4

Average Flue Pressure, in. Hg 28.29 28.29 28.42

Barometric Pressure, in. Hg 29.10 29.10 29.23

Average %CO, by volume, dry basis 12.0 12.0 12.0 12.0

Average %0, by volume, dry basis 7.0 7.0 7.0 7.0

Dry Molecular Wt. of Gas, Ib/lb-mole 30.200 30.200 30.200

Gas Sample Volume, dscf 63.790 63.821 67.897

Isokinetic Variance 96.9 98.5 98.3




SPECIATED MERCURY TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 FGD Outlet

Test Run Number 1 2 3* Average

Source Condition Normal Normal Normal

Date 3/17/2006 3/17/2006 3/17/2006

Start Time 11:25 13:20 15:25

End Time 12:58 15:02 16:59

Particle Bound Mercury Emissions
ppb 0.0006 0.0006 0.0006 0.0006
ug/dncm 0.005 0.005 0.005 0.005
ug/dnem at 3% O, 0.008 0.008 0.008 0.008
Ib/hr 0.00004 0.00004 0.00004 0.00004
tons/yr 0.000186 0.000182 0.000189 0.000184
Ib/mmBtu 0.0000000 0.0000000 0.0000000 0.0000000
1b/Thtu 0.00435 0.00430 0.00435 0.00433

Elemental Mercury Emissions
ppb 1.520 1.516 0.804 1.5176
ug/dncm 13.61 13.57 7.20 13.59
ug/dncm at 3% O, 20.46 2041 10.83 20.44
Ib/hr 0.11375 0.11191 0.06123 0.11283
tons/yr 0.498223 0.490145 0.268208 0.494184
Ib/mmBtu 0.0000116 0.0000116 0.0000116 0.0000116
1b/Thtu 11.64250 11.61240 11.61240 11.62745

Oxidized Mercury Emissions
ppb 0.301 0.106 0.087 0.2034
ug/dncm 2.70 0.95 0.78 1.82
ug/dncm at 3% O, 4.06 1.42 1.18 2.74
Ib/hr 0.02255 0.00779 0.00665 0.01517
tons/yr 0.098750 0.034129 0.029128 0.066439
Ib/mmBtu 0.0000023 0.0000008 0.0000007 0.0000016
1b/Thtu 2.30760 0.80857 0.66934 1.55808

Total Mercury Emissions
ppb 1.821 1.622 0.892 1.7215
ug/dncm 16.31 14.53 7.99 15.42
ug/dncm at 3% O, 24,53 21.84 12.02 23.18
Ib/hr 0.13634 0.11974 0.06793 0.12804
tons/yr 0.597160 0.524456 0.297525 0.560808
Ib/mmBtu 0.0000140 0.0000124 0.0000068 0.0000132
ib/Thtu 13.95445 12.42527 6.83688 13.18986

Stack Parameters:

Average Gas Temperature, °F 125.3 123.0 122.9 123.8

Average Gas Velocity, fi/sec 98.540 97.871 96.070 97.494

Flue Gas Moisture, percent by volume 11.8 12.8* 8.4 11.0

Average Flue Pressure, in. Hg 29.30 29.30 29.30

Barometric Pressure, in. Hg 29.23 29.23 29.23

Average %CO, by volume, dry basis 12.0 12.0 12.0 12.0

Average %0, by volume, dry basis 7.0 7.0 7.0 7.0

Dry Molecular Wt. of Gas, Ib/Ib-mole 30.200 30.200 30.200

Gas Sample Volume, dscf 37.230 37.689 37.295

Isokinetic Variance 101.7 104.4 100.2

* Test 3 not included in average due to apparent leakage in the sampling train.
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HALOGEN TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 ESP Inlet
Test Run Number 1 3 4 Average
Source Condition Normal Normal Normal
Date 3/14/2006 3/14/2006 3/14/2006
Start Time 10:00 14:25 16:20
End Time 11:08 15:30 17:25
HCI Emissions:
ppm: 14.66 61.29 61.99 45.98
| ug/dncm 23865.24 99781.45 100922.19 74856.29
Ib/hr 89.4189 364.5572 366.5915 273.5226
tons/yr 391.6548 1596.7608 1605.6709 1198.0288
Ib/mmBtu 0.01904 0.07963 0.08054 0.05974
HF Emissions:
ppm: 0.88 2.30 1.94 1.71
ug/dncm 787.13 2055.33 1733.79 1525.42
Ib/hr 2.9493 7.5093 6.2979 5.5855
tons/yr 12.9177 32.8905 27.5846 24.4643
Ib/mmBtu 0.00063 0.00164 6.29785 2.10004
HBr Emissions:
ppm: 0.27 0.53 0.55 0.45
| ug/dncm 971.36 1918.87 1983.94 1624.72
Ib/hr 3.6395 7.0107 7.2065 5.9522
tons/yr 15.9410 30.7069 31.5645 26.0708
Ib/mmBtu 0.00078 0.00153 0.00158 0.00130
Stack Parameters:
Gas Volumetric Flow Rate, acfim 1,806,379 1,793,056 1,781,342 1,761,279
Gas Volumetric Flow Rate, dscfim 1,073,487 1,046,764 1,040,708 1,034,503
Average Gas Temperature, °F 329.6 331.2 333.3 330.6
Average Gas Velocity, ft/sec 38.992 38.704 38.451 38.018
Flue Gas Moisture, percent by volume 5.1 7.1 6.8 6.4
Average Flue Pressure, in. Hg 28.02 28.16 28.16
Barometric Pressure, in. Hg 28.90 28.90 28.90
Average %CO, by volume, dry basis 13.0 13.0 13.0 13.0
Average %0, by volume, dry basis 6.0 6.0 6.0 6.0
Dry Molecular Wt. of Gas, 1b/Ib-mole 30.320 30.320 30.320
Gas Sample Volume, dscf 45.258 44.438 43.936
Isokinetic Variance 98.4 99.1 98.6

11



[HALOGEN TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 ESP Inlet

Test Run Number 1 3 4 Average
Source Condition Normal Normal Normal
Date 3/14/2006 3/14/2006 3/14/2006
Start Time 10:00 14:25 16:20
End Time 11:08 15:30 17:25
Cl, Emissions:
ppm: 30.95 0.03 0.16 10.38
| _ug/dncm 97973.08 85.28 491.67 32850.01
1b/hr 367.0881 0.3116 1.7860 123.0619
tons/yr 1607.8461 1.3648 7.8225 539.0111
Ib/mmBtu 0.07818 0.00007 0.00039 0.02622
Br, Emissions:
ppm: 0.28 0.02 0.02 0.11
ug/dncm 2009.70 170.57 172.52 784.26
Ib/hr 7.5300 0.6232 0.6267 2.9266
tons/yr 32.9815 2.7295 2.7447 12.8186
Ib/mmBtu 0.00160 0.00014 0.00014 0.00063
Stack Parameters:
Gas Volumetric Flow Rate, acfin 1,806,379 1,793,056 1,781,342 1,761,279
Gas Volumetric Flow Rate, dscfin 1,073,487 1,046,764 1,040,708 1,034,503
Average Gas Temperature, °F 329.6 331.2 333.3 330.6
Average Gas Velocity, fi/sec 38.992 38.704 38.451 38.018
Flue Gas Moisture, percent by volume 5.1 7.1 6.8 6.4
Average Flue Pressure, in. Hg 28.02 28.16 28.16
Barometric Pressure, in. Hg 28.90 28.90 28.90
Average %CO, by volume, dry basis 13.0 13.0 13.0 13.0
Average %0, by volume, dry basis 6.0 6.0 6.0 6.0
Dry Molecular Wt. of Gas, Ib/Ib-mole 30.320 30.320 30.320
Gas Sample Volume, dscf 45.258 44,438 43.936
Isokinetic Variance 98.4 99.1 98.6
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HALOGEN TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 ESP Outlet

Test Run Number 1 3 4 Average
Source Condition Normal Normal Normal
Date 3/14/2006 3/14/2006 3/14/2006
Start Time 10:00 14:35 16:20
End Time 11:17 15:39 17:25
HCI Emissions:
ppm: 11.98 90.57 59.76 54.10
| ug/dncm 19495.71 147441.62 97296.29 88077.87
Ib/hr 52.0078 390.7526 267.7832 236.8479
tons/yr 227.7942 1711.4963 1172.8905 1037.3937
Ib/mmBtu 0.01668 0.12613 0.08323 0.07534
HF Emissions:
ppm: 1.08 3.65 2.37 2.37
ug/dncm 966.08 3264.78 2115.14 2115.33
Ib/hr 2.5772 8.6524 5.8214 5.6836
tons/yr 11.2880 37.8974 25.4976 24.8944
Ib/mmBtu 0.00083 0.00279 5.82137 1.94166
HBr Emissions:
ppm: 0.22 0.47 0.27 0.32
ug/dncm 800.72 1693.82 964.50 1153.01
1b/hr 2.1360 4.4890 2.6545 3.0932
tons/yr 9.3558 19.6618 11.6269 13.5482
Ib/mmBtu 0.00068 0.00145 0.00083 0.00099
Stack Parameters:
Gas Volumetric Flow Rate, acfm 1,281,445 1,285,028 1,319,479 1,295,168
Gas Volumetric Flow Rate, dscfm 764,298 759,302 788,533 767,919
Average Gas Temperature, °F 328.6 329.0 331.3 329.3
Average Gas Velocity, fi/sec 35.596 35.695 36.652 35.977
Flue Gas Moisture, percent by volume 5.4 6.2 4.9 5.8
Average Flue Pressure, in. Hg 28.16 28.16 28.16
Barometric Pressure, in. Hg 28.90 28.90 28.90
Average %CO, by volume, dry basis 12.0 12.0 12.0 12.1
Average %0, by volume, dry basis 7.0 7.0 7.0 6.9
Dry Molecular Wt. of Gas, 1b/lb-mole 30.200 30.200 30.200
Gas Sample Volume, dscf 43.544 43.182 44.794
Isokinetic Variance 97.7 97.6 97.5
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[HALOGEN TEST RESULTS SUMMARY

Company: ADA

Plant: AEP Conesville

Unit: Unit 6 ESP Outlet

Test Run Number 1 3 4 Average

Source Condition Normal Normal Normal

Date 3/14/2006 3/14/2006 3/14/2006

Start Time 10:00 14:35 16:20

End Time 11:17 15:39 17:25

Cl, Emissions:
ppm: 28.86 1.32 0.67 10.29
ug/dncm 91386.15 4186.29 2132.06 32568.17
Tb/hr 243.7866 11.0946 5.8679 86.9164
tons/yr 1067.7853 48.5943 25.7016 380.6937
Ib/mmBtu 0.07817 0.00358 0.00182 0.02786

Br, Emissions:
ppm: 0.16 0.02 0.02 0.07
ug/dncm 1148.85 175.53 169.21 497.86
1b/hr 3.0647 0.4652 0.4657 1.3319
tons/yr 13.4236 2.0375 2.0398 5.8336
Ib/mmBtu 0.00098 0.00015 0.00014 0.00043

Stack Parameters:

Gas Volumetric Flow Rate, acfin 1,281,445 1,285,028 1,319,479 1,295,168

Gas Volumetric Flow Rate, dscfm 764,298 759,302 788,533 767,919

Average Gas Temperature, °F 328.6 329.0 331.3 329.3

Average Gas Velocity, ft/sec 35.596 35.695 36.652 35.977

Flue Gas Moisture, percent by volume 54 6.2 4.9 5.8

Average Flue Pressure, in. Hg 28.16 28.16 28.16

Barometric Pressure, in. Hg 28.90 28.90 28.90

Average %CO, by volume, dry basis 12.0 12.0 12.0 12.1

Average %0, by volume, dry basis 7.0 7.0 7.0 6.9

Dry Molecular Wt. of Gas, 1b/lb-mole 30.200 30.200 30.200

Gas Sample Volume, dscf’ 43.544 43.182 44.794

Isokinetic Variance 97.7 97.6 97.5
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PARTICULATE TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 ESP Inlet

Test Run Number 1 3 4 Average

Source Condition Normal Normal Normal

Date 3/14/2006 3/14/2006 3/14/2006

Start Time 10:00 14:25 16:20

End Time 11:08 15:30 17:25

Filterable Particulate Emissions:

| gr/acf 1.4819 1.4905 1.0402 1.3375

| _gr/dscf 2.4935 2.5531 1.7805 2.2757
Ib/hr 22943.895 22907.520 15882.266 20577.894
mg/dncm 6124.4901 6270.8807 4373.0360 5589.468%
Ib/mmBtu 4.8867 5.0035 3.4892 4.4598

Stack Parameters:

Gas Volumetric Flow Rate, acfm 1,806,379 1,793,056 1,781,342 1,793,593

Gas Volumetric Flow Rate, dscfm 1,073,487 1,046,764 1,040,708 1,053,653

Average Gas Temperature, °F 329.6 331.2 333.3 331.3

Average Gas Velocity, fi/sec 38.992 38.704 38.451 38.716

Flue Gas Moisture, percent by volume 5.1 7.1 6.8 6.3

Average Flue Pressure, in. Hg 28.02 28.16 28.16

Barometric Pressure, in. Hg 28.90 28.90 28.90

Average %CO, by volume, dry basis 13.0 13.0 13.0 13.0

Average %0, by volume, dry basis 6.0 6.0 6.0 6.0

Dry Molecular Wt. of Gas, Ib/lb-mole 30.320 30.320 30.320

Gas Sample Volume, dscf 45.258 44.438 43.936

Isokinetic Variance 98.4 99.1 98.6
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PARTICULATE TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: Unit 6 ESP Outlet

Test Run Number 1 3 4 Average

Source Condition Normal Normal Normal

Date 3/14/2006 3/14/2006 3/14/2006

Start Time 10:00 14:35 16:20

End Time 11:17 15:39 17:25

Filterable Particulate Emissions:

| _gr/acf 0.0025 0.0029 0.0044 0.0032

| _gr/dscf 0.0041 0.0048 0.0074 0.0055
1b/hr 26.928 31.395 50.289 36.204
mg/dncm 10.0960 11.8480 18.2748 13.4063
Ib/mmBtu 0.0086 0.0101 0.0156 0.0115

Stack Parameters:

Gas Volumetric Flow Rate, acfm 1,281,445 1,285,028 1,319,479 1,295,168

Gas Volumetric Flow Rate, dscfim 764,298 759,302 788,533 767,919

Average Gas Temperature, °F 328.6 329.0 331.3 329.3

Average Gas Velocity, fi/sec 35.596 35.695 36.652 35.977

Flue Gas Moisture, percent by volume 5.4 6.2 4.9 5.8

Average Flue Pressure, in. Hg 28.16 28.16 28.16

Barometric Pressure, in. Hg 28.90 28.90 28.90

Average %CQO, by volume, dry basis 12.0 12.0 12.0 12.1

Average %0, by volume, dry basis 7.0 7.0 7.0 6.9

Dry Molecular Wt. of Gas, 1b/lb-mole 30.200 30.200 30.200

Gas Sample Volume, dscf 43.544 43.182 44.794

Isokinetic Variance 97.7 97.6 97.5
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MERCURY, ARSENIC, AND SELENIUM TEST RESULTS SUMMARY

Company: ADA
Plant: AEP Conesville
Unit: ESP Inlet

Test Run Number 1 2 3 Average
Source Condition Normal Normal Normal
Date 3/15/2006 3/15/2006 3/15/2006
Start Time 8:00 11:20 16:15
End Time 9:35 12:55 17:50
Mercury Emissions
ppb: 2.492 2.004 2.184 2.227
| ug/dncm 22.32 17.95 19.56 19.94
ug/dncm at 3% O, 31.31 25.17 27.44 27.97
tb/hr 0.0800 0.0656 0.0706 0.0721
tons/yr 0.3506 0.2872 0.3092 0.3157
Ib/mmBtu 0.00002 0.00001 0.00002 0.00002
1b/Tbtu 17.81203 14.32084 15.60991 15.91426
Arsenic Emissions
ppb: 13.045 64.115 53.622 43.594
ug/dncm 43.64 214.48 179.38 145.83
ug/dncm at 3% O, 61.21 300.85 251.61 204.56
tb/hr 0.1565 0.7837 0.6474 0.5292
tons/yr 0.6854 3.4324 2.8355 2.3178
Ib/mmBtu 0.00003 0.00017 0.00014 0.00012
1b/Tbtu 34.82540 171.15818 143.14820 116.37726
Selenium Emissions
ppb: 40.930 37.536 198.324 92.263
ug/dnem 144.30 132.34 699.22 325.28
ug/dnem at 3% O, 202.41 185.63 980.78 456.27
Ib/hr 0.5175 0.4835 2.5234 1.1748
tons/yr 2.2664 2.1179 11.0526 5.1457
Ib/mmBtu 0.00012 0.00011 0.00056 0.00026
1b/Tbtu 115.15599 105.60824 557.98866 259.58430
Stack Parameters:
Gas Volumetric Flow Rate, acfm 1,766,934 1,761,539 1,766,422 1,764,965
Gas Volumetric Flow Rate, dscfim 1,027,384 1,046,834 1,033,984 1,036,067
Average Gas Temperature, °F 332.6 333.1 3323 332.6
Average Gas Velocity, ft/sec 38.140 38.024 38.129 38.098
Flue Gas Moisture, percent by volume 7.6 5.5 7.0 6.7
Average Flue Pressure, in. Hg 2827 28.27 28.27
Barometric Pressure, in. Hg 29.15 29.15 29.15
Average %CO, by volume, dry basis 13.0 13.0 13.0 13.0
Average %0, by volume, dry basis 6.0 6.0 6.0 6.0
Dry Molecular Wt. of Gas, ib/lb-mole 30.320 30.320 30.320
Gas Sample Volume, dscf 65.133 66.439 65.854
Isokinetic Variance 98.7 98.8 99.1
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MERCURY, ARSENIC, AND SELENIUM TEST RESULTS SUMMARY

Company: ADA

Plant: AEP Conesville

Unit: ESP Outlet

Test Run Number 1 2 3 Average

Source Condition Normal Normal Normal

Date 3/15/2006 3/15/2006 3/15/2006

Start Time 8:00 11:20 16:15

End Time 9:30 12:50 17:45

Mercury Emissions
ppb: 2.949 1.975 2.098 2.341

| _ug/dncm 26.42 17.69 18.79 20.97
ug/dncm at 3% O, 39.72 26.60 2825 31.52
to/hr 0.0681 0.0450 0.0491 0.0541
fons/yr 0.2984 0.1973 0.2152 0.2369
Ib/mmBtu 0.00002 0.00002 0.00002 0.00002
1b/Tbtu 22.59740 15.13106 16.07481 17.93443

Arsenic Emissions
ppb: 4.834 3.617 2.402 3.618

| _ug/dncm 43.30 32.39 21.52 32.40
ug/dncm at 3% O, 65.10 48.71 32.35 48.72
1b/hr 0.1117 0.0825 0.0562 0.0835
tons/yr 0.4891 0.3612 0.2464 0.3656
Ib/mmBtu 0.00004 0.00003 0.00002 0.00003
1b/Tbtu 37.03637 27.70978 18.40551 27.71722

Selenium Emissions
ppb: 18.996 10.153 11.816 13.655
ug/dncm 170.13 90.94 105.83 122.30
ug/dncm at 3% O, 255.81 136.73 159.12 183.89
1b/hr 0.4388 0.2315 0.2766 0.3157
tons/yr 19219 1.0141 1.2117 1,3826
Ib/mmBtu 0.00015 0.00008 0.00009 0.00010
1b/Tbtu 145.53727 77.79076 90.52709 104.61837

Stack Parameters:

Gas Volumetric Flow Rate, acfm 1,260,587 1,217,043 1,258,022 1,245,217

Gas Volumetric Flow Rate, dscfm 738,929 729,449 748,953 739,110

Average Gas Temperature, °F 328.7 328.8 330.8 329.4

Average Gas Velocity, fi/sec 35.016 33.807 34,945 34.589

Flue Gas Moisture, percent by volume 7.8 5.7 6.1 6.5

Average Flue Pressure, in. Hg 28.41 2841 28.41

Barometric Pressure, in. Hg 29.15 29.15 29.15

Average %CO, by volume, dry basis 12.0 12.0 12.0 12.0

Average %0, by volume, dry basis 7.0 7.0 7.0 7.0

Dry Molecular Wt. of Gas, Ib/lb-mole 30.200 30.200 30.200

Gas Sample Volume, dscf 62.149 63.763 64.819

Isokinetic Variance 96.2 100.0 99.0

18




Sulfuric Acid Mist Test Resuits Summary
AEP Conesville - ADA-ES
Unit 6 ESP Inlet and Outlet

March 16, 2006

Molecular
Test No. Date Time Vi (L) Weight | g detected|  ppm Ibs/hr* DSCFM*
ESP Inlet
1 3/6/2005 | 15:00-16:00 | 566.01 o8 7.3 3.16 49.976 1,034,503
2 3116/2005 | 16:25-17:25 | 575.38 98 17 0.72 11.449 1,034,503
3 316/2005 | 17:45-18.45 | 577.24 98 9.3 3.95 62.430 1,034,503
Average 6.1 261 41.285 1,034,503
ESP Outlet

1 3/16/2005 | 15:00-16:00 20.85 98 34.8 14.46 228.388 1,034,503
2 3/16/2005 | 16:25-17:25 20.63 o8 26.5 1113 175.794 1,034,503
3 3M6/2005 | 17:45-18:45 20.70 o8 25.3 10.59 167.255 1,034,503
Average 16.9 12.06 190.479 1,034,503

* Air flows taken from ESP Inlet data
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APPENDIX



15'

EQUAL AREA TRAVERSE

FOR RECTANGULAR DUCTS

Job:

Date:
Unit No:
Length:

Width:

Area;

10'

AEP Conesville - ADA

March 14 through 17, 2006
6 ESP Outlet -

15’

10’ (each of four sections)

600 Square Feet
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EQUAL AREA TRAVERSE
FOR RECTANGULAR DUCTS

17.75'

< 43.5' >

Job: AEP Conesville — ADA

Date: March 14 through 17, 2006
Unit No: 6 ESP Inlet
Length: 17.75
Width: 43.5’

Area: 772.125 Square Feet
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EQUAL AREA TRAVERSE
FOR RECTANGULAR DUCTS

13

Job: AEP Conesville — ADA

Date: March 14 through 17, 2006
Unit No: 6 FGD Outlet
Length: 13’ (each of two sections)
Width: 20’

Area: 520 Square Feet
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S-Type Pitot Tube Manometer Assembly

USEPA Method 2

1.91 - 254 cm

(.75 - 1.0 in) 1
o .
(Flexible Tubing

o : 0.64 cm

,e————ol (0.25 in)
Temperature Sensor

7.62 cm (3 in)

= =

Leak~Free Connections

T

Gas Flow

ELEPPPREpPEPES

Manometer
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Particulate Sampling Train Equipped With In-Stack Filter

USEPA Method 17

Flexible Tubing

Stack Wall

X X X
K X X x x
X x x R
x X X X X
X X X 3
X X X x x
x X X »
R T 3 xxxxxx X’
everse Type
Pitot Tube D  x x5
Probe
With in—Stack Filter "
100 mi water Empty Sitica Gel
Main Valve

Orifice I By—Pass Valve l

Check VOIT

impinger

@

———-f““,'—r——-m—'——@’ 33

L

RS Er
Air-Tight
Pump

T

Ory Gos Meter
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Vacuum
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£ ice Bath

Temperature
Sensor
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Determination of Particulate Emissions From Stationary Sources

USEPA Method 5

[Filter Holder Check Vaive

Stack wm.—é ' : 2? % %

T SR S X X X x X X X X X x
: \Heated Areg] X x x x x % x X X x % x]
x x x x x x x x x x 3
k x % x x x x x x % % x x
’ x x x x X x x x % x ¥
; k x x x % X x x x % x x x
. X X X x X X X X X X ’
k x x % % x X x x % % x x
Reverse Type xxx X x X X x X x xx E
A k x X x X x x x " x x x

Pitot Tube X % x x x X X x X X x % x

el e e X e X v

Heated Probe / /

100 ml D.J. woter  Empty Silica Gel

& J

Vacuum
Guage

Ei]lce Bath

‘-I= Temperature
Sensor
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Sampling Train for Integrated Gas Sampling

USEPA Method 3

Vacuum Gauge
Main. Valve
, lBy-—Poss Valve

Rote Meter

T r |
Probe

(End Packed Stack
With Class
Wool)

Wall

Surge Tank

Air-Cooled Condenser

Tedlar Gas Sampling Bag
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L

Ingylated Box
Quartz Filler Holder
Stack —— High Tempetalure
Wal / [ I Heating Elemants
Heated Probe
with Quartz Tube .

e ECH 1.

> \
GreenburgSm
N/ S ST Silica Gl
D Tube
L 11,50, Condenser \ __y  Doig
. 31% A Z il W

'
TR R

,——'Teﬂun Tube

-

—{Thefmogouple

loe Bathy ~—jw

\_\_H N Yl bGT
Thermometer — eae a 39/‘;3%%2%9“
s .
Ne&dfﬁ
Valwe
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Speciated Mercury Sampling Train Equipped With Out-of-Stack Filter
Ontario Hydro Method

Check VOIT

l-lce Bath

Reverse Type
Pitot Tube
Heated Probe

Silica Gel

Vacuum
Guage

= Air=Tight
T Dry Gos Meter Pump

Fi3 1ce Bath

T Temperoture
Sensor
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From Stationary

Issions

Determination of Hydrogen Chloride Em

Sources

USEPA Method 26A

Check Valve

[Filter Holder

Stack Wall

Reverse Type
Pitot Tube

Heated Gloss Probe

0.1 N NaOH Silica Gel

0.1 N HypSO,

Vecuum
Gauge

Main Valve

Air-Tight
Pump

,Ii

2

S

” &

8 g 2

P =

e p

& =< o
o)
o
—

=

il

m lce Bath

Temperature

Sensor

-
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Platt Environmental Services

Determination of Trace Metal Concentrations in Emissions From
Stationary Sources

USEPA Method 29

Check Vaolve
Heoted Arec _
Stack Wall —-E )
IE T T
G T
X X i x x % % %X X X x x x
k x X X X %X x x x x X X x E
%X X Rl X X X% xX X X X X x x
/ 3 X X % X X X X X X X x Xx x!
é Filter Holderk TR | k" % x"x »
x x i X x % ® X X xxxxxx x,
Reverse Type K3 NN NN %% % Jadgx
Pitot Tube » xxxxxx % ,‘xxxxx x xxxxxx x:xxx:x x*x,
Heated Probe 7 i Ve
Gloss Lined Empty 10% H,0, Empty or Silica Gel
(Optional) 5% HNO, Acidic KMnQ,
Orifice By—~Pass Valve Main Valve
—_—rt—— & 5

-/

Vocuum
Gauge

V]

e

— Air-Tight
T Dry Gas Meter Pump

@ Ice Bath

T Temperoture
Sensor
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD

Project Number: PE2006043

Date Results Required:

Client: ADA-ES TAT Required:

Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:

Outlet, and FGD OQutlet

Project Supervisor: Eric Ehlers

Sample Date Sample Point Identification # of Grab/C | Analysis Requested Sub Lab
Number Sampled Conts omp

001 3/14/06 U6 ESP In 0.1IN H,SO, Imps T #1 1 M26A (HCI1, HF, HBr) 291.0
002 3/14/06 U6 ESP In 0.1N H,SO, Imps T #2 1 Do Not Analyze N/A
003 3/14/06 U6 ESP In 0.1N H,SO, Imps T #3 1 M26A (HCI, HF, HBr) 3332
004 3/14/06 U6 ESP In 0.1IN H,SO, Imps T #4 1 M26A (HCI, HF, HBr) 306.2
005 3/14/06 U6 ESP In 0.1N NaOH Imps T #1 1 M26A (Br,, Cl,) 280.0
006 3/14/06 | U6 ESP In 0.IN NaOH Imps T #2 1 Do Not Analyze N/A
007 | 3/14/06 | U6ESPIn0.INNaOH ImpsT#3 | 1 M26A (Br, CL) 2314
008 | 3/14/06 | UGESPIn0.INNaOH ImpsT#4 | 1 M26A (Br;, CL) 2236
009 3/14/06 U6 ESP Out 0.1N H,SO, Imps T #1 1 M26A (HCl, HF, HBr) 2432
010 3/14/06 U6 ESP Out 0.1N H,SO, Imps T #2 1 M26A (HC], HF, HBr) 240.7
011 3/14/06 U6 ESP Out 0.1N H,SO, Imps T #3 1 M26A (HCI, HF, HBr) 292.8
012 3/14/06 U6 ESP Out 0.IN H,SO, Imps T #4 1 M26A (HCL, HF, HBr) 254.0
013 3/14/06 | U6 ESP Out 0.IN NaOH Imps T #1 1 M26A (Br;, Cl,) 254.6
014 | 3/14/06 | U6 ESP Out 0.1N NaOH Imps T #2 1 M26A (Br, CL,) 263.6
015 3/14/06 U6 ESP Out 0.1N NaOH Imps T #3 1 M26A (Br;, CL) 229.2
016 3/14/06 U6 ESP Out 0.IN NaOH Imps T #4 1 M26A (Bry, CL,) 188.2

Delivered by: Date/Time Processed by: Date/Time Received by Laboratory:

Special Instructions:
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD
Project Number: PE2006043 Date Results Required:
Client: ADA-ES TAT Required:
Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:
Qutlet, and FGD Outlet
Project Supervisor: Eric Ehlers
Sample Date Sample Point Identification # of Grab/ | Analysis Requested Volume
Number Sampled Conts Comp (mls)
017 3/14/06 U6 ESP In M17 Thimble T#1 1 M17
018 3/14/06 U6 ESP In M17 Thimble T#2 1 Do not analyze
019 3/14/06 U6 ESP In M17 Thimble T#3 1 M17
020 3/14/06 U6 ESP In M17 Thimble T#4 1 M17
021 3/14/06 U6 ESP Qut Acetone Probe Wash | 3 M5
and Filter T#1
022 3/14/06 U6 ESP Out Acetone Probe Wash | 2 M5
and Filter T#2
023 3/14/06 U6 ESP Out Acetone Probe Wash | 2 Ms
and Filter T#3
024 3/14/06 U6 ESP Out Acetone Probe Wash | 2 M5
and Filter T#4
025 3/15/06 U6 ESP In 0.1N HNO; Nozzle 2 M29 (Selenium, Arsenic, Hg) 39.6
Rinse and Thimble T#1
3/15/06 . .
026 U6 ESP In 0.1N HNO, Nozzle 2 M29 (Selenium, Arsenic, Hg) 44.8
Rinse and Thimble T#2
3/15/06 . .
027 U6 ESP In 0.1IN HNO; Nozzle 2 M29 (Selenium, Arsenic, Hg) 25.4
Rinse and Thimble T#3
3/15/06 . .
028 U6 ESP In HNO3/H,0, Imps T#1 1 M29 (Selenium, Arsenic, Hg) | 4304
029 3/15/06 U6 ESP In HNO;/H,0, Imps T#2 1 M29 (Selenium, Arsenic, Hg) 440.6
030 3/15/06 U6 ESP In HNO3/H,0, Imps T#3 1 M29 (Selenium, Arsenic, Hg) 400.2
031 Y1506 6 Esp In KMNO/H,SO, Imps T#1 | 1 M29 (Hg only) 298.4
032 S/SM08 4 6 ESP 1n KMNOJILSO, Imps TH2 | 1 M29 (Hg only) 3324
Delivered by: Date/Time Processed by: Date/Time Received by Laboratory:
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD
Project Number: PE2006043 Date Results Required:
Client: ADA-ES TAT Required:
Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:
Outlet, and FGD Outlet
Project Supervisor: Eric Ehlers
Sample Date Sample Point Identification # of Grab/ | Analysis Requested Volume
Number Sampled Conts Comp (mls)
033 S/1SM06 1 16 ESP In KMNOVHLSO, Imps T#3 | 1 M29 (Hg only) 3294
034 3/15/06 U6 ESP Out 0.1N HNO; Probe 2 M29 (Selenium, Arseinc, Hg) 312
Rinse and Filter T#1
035 | 315/% | y6 ESP Out 0.IN HNO, Probe | 2 M29 (Selenium, Arsenic, Hg) | 4,
Rinse and Filter T#2
036 3/15/06 | y6 ESP Out 0.1N HNO, Probe | 2 M29 (Selenium, Arsenic, Hg) | g
Rinse and Filter T#3
037 3/15/06 U6 ESP Out HNOyH0; Imps T#1 1 M29 (Selenium, Arsenic, Hg) 395.4
ium, Arsenic, H
038 5106 1 16 ESP Out HNOYH,0, Tmps T#2 1 M29 (Selenium, Arsenic, Hg) | 545 4
039 3/15/06 UG ESP Out HNOyH,, Imps T#3 1 M29 (Selenium, Arsenic, Hg) 3644
040 3/15/06 U6 ESP Out KMNO/H,SO, Imps 1 M29 (Hg only) 278.6
T#l
041 3/15/06 U6 ESP Out KMNOJ/H,SO, Imps 1 M29 (Hg only) 3230
TH#H2
042 3/15/06 U6 ESP Out KMNOJ/H,SO, Imps 1 M29 (Hg only) 289.6
T#3
043 | 3506 | (6 ESP In 0.1N HNO, Nozzte | 2 Do Not Analyze N/A
Rinse and Thimble T#1
044 3/16/06 U6 ESP In 0.1N HNO; Nozzle 2 Ontario Hydro 37.4
Rinse and Thimble T#2 )
045 3/16/06 U6 ESP In 0.1N HNO; Nozzle 2 Ontario Hydro 338
Rinse and Thimble T#3 )
046 3/17/06 U6 ESP In 0.1N HNO, Nozzle 2 Ontario Hydro 39.2
Rinse and Thimble T#4 ’
047 3/17/06 U6 ESP In 0.1N HNO; Nozzle 2 Ontario Hydro 342
Rinse and Thimble T#5 )
048 3/15/06 U6 ESP In KCI Imps T#1 1 Do Not Analyze N/A
Delivered by: Date/Time Processed by: Date/Time Received by Laboratory:
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD

Project Number: PE2006043

Date Results Required:

Client: ADA-ES TAT Required:
Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:
Outlet, and FGD Outlet
Project Supervisor: Eric Ehlers
Sample Date Sample Point Identification # of Grab/ | Analysis Requested Volume
Number Sampled Conts Comp (mls)
049 3/16/06 U6 ESP In KCI Imps T#2 1* Ontario Hydro 488.8
050 3/16/06 U6 ESP In KCI1 Imps T#3 1* Ontario Hydro 469 4
051 3/17/06 U6 ESP In KCl Imps T#4 1 Ontario Hydro 467.8
051A 3/17/06 U6 ESP In KCl Imps T#5 1 Ontario Hydro 4844
052 3/15/06 U6 ESP In HNOYH,0; Imp T#1 1 Do Not Analyze N/A
053 3/16/06 | 16 ESP In HNOWHL0, Tmp T2 1* Ontario Hydro 131.2
054 3/16/06 U6 ESP In BNOyH,0; Imp T#3 1+ Ontario Hydro 128.0
055 3/17/06 U6 ESP Tn ENOYH,0; Imp T#4 1 Ontario Hydro 137.0
055A 3/17/06 UG ESP In ENOYH,0; Imp T#S 1 Ontario Hydro 127.8
056 3/15/06 UG ESP In KMNOYH,SO, Imps T#1 1 Do Not Analyze N/A
057 3/16/06 U6 ESP In KMNOJHSO, Imps T#2 1* Ontario Hydro 444.4
058 3/16/06 U6 ESP In KMNOJ/H,SO, Imps T#3 1* Ontario Hydro 411.8
059 3/17/06 U6 ESP In KMNOJ/H,SO, Imps T4 1 Ontario Hydro 4472
059A 3/17/06 UG ESP In KMNOJ/H,SO, Imps T45 1 Ontario Hydro 402.4
060 3/15/06 U6 ESP Out 0.IN HNO; Probe 2 Do Not Analyze N/A
Rinse and Filter T#1
061 3/16/06 | y6 ESP Out 0.1N HINO, Probe | 2 Ontario Hydro 9.4
Rinse and Filter T#2
062 | 3106 | 46 ESP Out 0.1N HNO, Probe | 2 Ontario Hydre 234
Rinse and Filter T#3
063 3/17/06 U6 ESP Out 0.1N HNO; Probe 2 Ontario Hydro 23.8
Rinse and Filter T#4
064 3/15/06 U6 ESP Out KCI Imps T#1 1 Do Not Analyze N/A
065 3/16/06 U6 ESP Out KCI Imps T#2 1* Ontario Hydro 4406
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD

Project Number: PE2006043 Date Results Required:
Client: ADA-ES TAT Required:
Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:;
Outlet, and FGD Qutlet
Project Supervisor: Eric Ehlers
Sample Date Sample Point Identification # of Grab/ | Analysis Requested Volume
Number Sampled Conts Comp (mis)
066 3/16/06 U6 ESP Out KCI Imps T#3 1* Ontario Hydro 405.8
067 3/17/06 U6 ESP Out KC1 Imps T#4 1 Ontario Hydro 427.8
068 3506 | \i6 ESP Out HNOYHL0, Imp T#1 1 Do Not Analyze N/A
069 36/06 | 16 kP Out HNOYHL0, Imp T#2 1* Ontario Hydro 137.8
070 3/16/06 U6 ESP Out HNOy/H;0, Imp T#3 1% Ontario Hydro 124.6
071 SAT06 1 U6 ESP Out HNOYHL, Imp T#3 1 Ontario Hydro 134.2
072 3/15/06 U6 ESP Out OJ/H,SO, Imps 1 Do Not Analyze N/A
T#1
073 3/16/06 U6 ESP Out OJH;S0, Tmps 1* Ontario Hydro 488.6
T#2
074 3/16/06 U6 ESP Out OJH,S0, Imps 1* Ontario Hydro 462.6
T#3
075 3/17/06 Us ESP Out OVH,SO, Tmps 1 Ontario Hydro 4714
TH4
076 31706 | y6 FGD Out 0.1N HNO, Probe | 2 Ontario Hydro 16.8
Rinse and Filter T#1
o77 | 31706 | 46 FGD Out 0.1N HNO, Probe | 2 Ontario Hydro 142
Rinse and Filter T#2
078 | 317 | U6 FGD Out 0.1N HNO, Probe | 2 Ontario Hydro 152
Rinse and Filter T#3
079 3/17/06 U6 FGD Out KCI Imps T#1 1 Ontario Hydro 481.8
080 3/17/06 U6 FGD Out KCI Imps T#2 1 Ontario Hydro 484.4
081 3/17/06 U6 FGD Out KCI Imps T#3 1 Ontario Hydro 424.0
Delivered by: Date/Time Processed by: Date/Time Received by Laboratory:
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD
Project Number: PE2006043 Date Results Required:
Client: ADA-ES TAT Required:
Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:
Outlet, and FGD Outlet
Project Supervisor: Eric Ehlers
Sample Date Sample Point Identification # of Grab/ Analysis Requested Volume
Number Sampled Conts Comp (mls)
082 3706 | {16 FGD Out HNOH, Imp T#1 1 Ontario Hydro 121.0
083 7061 116 FGD Out ENOyHL0, Imp T#2 1 Ontario Hydro 129.2
084 3706 | 16 FGD Out HNOYHL0, Imp T#3 1 Ontario Hydro 113.8
085 3/17/06 U FGD Out KMNOH,SO; Imps 1 Ontario Hydro 416.8
T#1 :
086 3/17/06 U FGD Out KMNOYH,SO; Imps 1 Ontario Hydro 445.2
T#2
087 3/17/06 U6 FGD Out KMNOYH,SO, Imps 1 Ontario Hydro 454.6
T#3
088 3606 | 6 ESP In Condenser Coil Rinse T#1 | 1 NCASI Method 8A (503)
089 3/16/06 U6 ESP In Condenser Coil Rinse T#2 1 NCASI Method 8A (SO3)
090 3/16/06 U6 ESP In Condenser Coil Rinse T#3 1 NCASI Method 8A (SO3)
091 3/16/06 U6 ESP Out Coil Rinse T#1 1 NCASI Method 8A (SO3)
092 3/16/06 U6 ESP Out Coil Rinse T#2 1 NCASI Method 8A (SO3)
093 3/16/06 U6 ESP Out Coil Rinse T#3 1 NCASI Method 8A (SO3)
094 3/17/06 KCl reagent blank 1 Ontario Hydro 539
095 3/17/06 HNOs/H,0; reagent blank 1 Ontario Hydro 50.0
096 3/17/06 KMNO,/H,SO, reagent blank 1 Ontario Hydro 571
097 3/17/06 0.1 N HNOj; reagent blank 1 Ontario Hydro 58.0
Delivered by: Date/Time Processed by: Date/Time Received by Laboratory:

Special Instructions:
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Platt Environmental Services, Inc

CHAIN-OF-CUSTODY RECORD
Project Number: PE2006043 Date Results Required:
Client: ADA-ES TAT Required:
Plant/Location: AEP-Conesville/ Unit 6 ESP Inlet, ESP PO Number:
Qutlet, and FGD Outlet
Project Supervisor: Eric Ehlers
Sample Date Sample Point identification # of Grab/ | Analysis Requested Volume
Number Sampled Conts Comp (mis)
; dro
098 317106 10% Hydroxamaline Hydrochloride 1 Ontario Hydro 40.0
Reagent blank
099 3/16/06 Sample Filter Blank 1 Ontario Hydro
100 3/16/06 U 6 ESP In KCI Imps Field Blank 1 Ontario Hydro
por
101 316106 | 4 6 ESP In HNOWH202 Field Blank | 1 Ontario Hydro
tario Hyd
102 S6/06 | 6 ESP In KMO4/H2504 Field 1 Ontario Hydro
Blank
103 16/06 | 6 ESP Out KCI Imps Ficld Blank | 1 Ontario Hydro
104 3/16/06 | 6 ESP Out HNOI/H202 Field 1 Ontario Hydro
Blank
105 3/16/06 U 6 ESP Out KMnQO4/H2S04 Field 1 Ontario Hydro
Blank
i d
106 317/06 U 6 FGD Out KC! Imps Field Blank 1 Ontario Hydro
O i d
107 3MT06 | 6 FGD Out HNO3H202 Field 1 ntario Hydro
Blank
tario Hyd
108 SMT06 | G 6 BGD Out KMnO4H2S04 Fictd | 1 Ontario Hydro
Blank '
0.1 N NaOH Blank
109 3/17/06 NaOH Blan ) 26A
.1 N H2S04 Blank
110 3/17/06 0.1 N H2S04 Bian 1 26A
111
112
113
Delivered by: Date/Time Processed by: Date/Time Received by Laboratory:
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LABORATORY REPORT

- TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
B ® g47.647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 1 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06  11:23

PE2006043

TElI Number: 71372 Sample: 001

TEST RESULTS DATE PERFORMED
HBr (M26A) 1.16 mg 3/24/2006

HCI (M26A) 28.5 mg 3/24/2006

HF (M26A) 0.94 mg 3/24/2006

TEI Number: 71373 Sample: 003

TEST RESULTS DATE PERFORMED
HBr (M26A) 2.25 mg 3/24/2006

HCI (M26A) 117 mg 3/24/2006

HF (M26A) 2.41 mg 3/24/2006

TE!I Number: 71374 Sample: 004

TEST RESULTS DATE PERFORMED
HBr (M26A) 2.30 mg 3/24/2006

HCI (M26A) 117 mg 3/24/2006

HF (M26A) 2.01 mg 3/24/2006

~ 7
g . <. fw

Gaylé E. O'Neill, Ph.D.

This report may not be repggluced except in its entirety.



LABORATORY REPORT

- TEI Analytical, Inc.
7177 N. Austin
Niles, IL. 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 2 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06  11:23

PE2006043

TEI Number: 71375 Sample: 005

TEST RESULTS DATE PERFORMED
Bromine (M26A) 2.40 mg 3/24/2006
Chlorine (M26A) 117 mg 3/24/2006

TEI Number: 71376 Sample: 007

TEST RESULTS DATE PERFORMED
Bromine (M26A) <0.2 mg 3/24/2006
Chliorine (M26A) <0.1 mg 3/24/2006

TEI Number: 71377 Sample: 008

TEST RESULTS DATE PERFORMED
Bromine (M26A) <0.2 mg 3/24/2006
Chlorine (M26A) 0.57 mg 3/24/2006

TEI Number: 71378 Sample: 009

TEST RESULTS DATE PERFORMED
HBr (M26A) 0.92 mg 3/24/2006

HCI (M26A) 22.4 mg 3/24/2006

HF (M26A) 1.11 mg 3/24/2006

¢-é-/%%

Gaylé E. O'Neill, Ph.D.

This report may not be repyyluced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
Bl ©® 847.647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 3 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71379 Sample: 010

TEST RESULTS DATE PERFORMED
HBr (M26A) 0.33 mg 3/24/2006

HCI (M26A) 12.1 mg 3/24/2006

HF (M26A) 0.85 mg 3/24/2006

TElI Number: 71380 Sample: 011

TEST RESULTS DATE PERFORMED
HBr (M26A) 1.93 mg 3/24/2006

HCI (M26A) 168 mg 3/24/2006

HF (M26A) 3.72 mg 3/24/2006

TEI Number: 71381 Sample: 012

TEST RESULTS DATE PERFORMED
HBr (M26A) 1.14 mg 3/24/2006

HCI (M26A) 115 mg 3/24/2006

HF (M26A) 2.50 mg 3/24/2006

\
@zz%/

Gayl

/e/ E. O'Neill, Ph.D.

This report may not be repyqduced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 4 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71382 Sample: 013

TEST RESULTS DATE PERFORMED
Bromine (M26A) 1.32 mg 3/24/2006
Chlorine (M26A) 105 mg 3/24/2006

TElI Number: 71383 Sample: 014

TEST RESULTS DATE PERFORMED
Bromine (M26A) 1.49 mg 3/24/2006
Chlorine (M26A) 77.4 mg 3/24/2006

TEI Number: 71384 Sample: 015

TEST RESULTS DATE PERFORMED
Bromine (M26A) <0.2 mg 3/24/2006
Chlorine (M26A) 4.77 mg 3/24/2006

TElI Number: 71385 Sample: 016

TEST RESULTS DATE PERFORMED
Bromine (M26A) <0.2 mg 3/24/2006
Chlorine (M26A) 2.52 mg 4/7/2006

Q. L M

Gay}é E. O'Neill, Ph.D.

This report may not be repggduced except in its entirety.



LABORATORY REPORT

—————

— ——
m ®

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 5 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23
PE2006043
TEI Number: 71386 Sample: 025
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 51 ug 3/29/2006
Mercury (245.1) 0.06 ug 4/6/2006
Selenium (7740) 156 ug 3/29/2006
TEI Number: 71387 Sample: 026
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 365 ug 3/29/2006
Mercury (245.1) 0.05 ug 4/6/2006
Selenium (7740) 158 ug 3/29/2006
TEI Number: 71388 Sample: 027
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 302 ug 3/29/2006
Mercury (245.1) 0.09 ug 4/6/2006
Selenium (7740) 1160 ug 3/29/2006
S
@ . £ W‘///

Gayl E. O'Neill, Ph.D.

This report may not be repggiuced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
= = 7177 N. Austin

—— Niles, IL 60714-4617
Il ® 847-647-1345

PREPARED FOR;

PAGE 6 of 24
Jim Platt Report #. 71372
Platt Environmental Services Inc. Report Date: 4/12/2006
371 Balm Court Sample Received:
Wood Dale, IL 60191 3/20/06 11:23
PE2006043
TEI Number: 71389 Sample: 028
TEST ' RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 24 ug 4/11/2006
Mercury (245.1) 234 ug 3/31/2006
Selenium (7740) 92 ug 3/29/2006
TEl Number: 71390 Sample: 029
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 11 ug 4/11/2006
Mercury (245.1) 22.0 ug 3/31/2006
Selenium (7740) 74 ug 3/29/2006
TEl Number: 71391 Sample: 030
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 9.7 ug 4/11/2006
Mercury (245.1) 22.6 ug 3/31/2006
Selenium (7740) 55 ug 3/29/2006

] //7%/%

Gayle’E. O'Neill, Ph.D.

This report may not be repgeguced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
= = 7177 N. Austin

T Niles, IL 60714-4617
m ® 847-647-1345

PREPARED FOR:

PAGE 7 of 24
Jim Platt Report #: 71372
Platt Environmental Services Inc. Report Date: 4/12/2006
371 Balm Court Sample Received:
Wood Dale, IL 60191 3/20/06  11:23
PE2006043
TElI Number: 71392 Sample: 031
TEST ' RESULTS DATE PERFORMED
Preparation (M-29) 3/22/2006
Mercury (245.1) 14.9 ug 3/30/2006
TEI Number: 71393 Sample: 032
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/22/2006
Mercury (245.1) 9.41 ug 3/30/2006
TEI Number: 71394 Sample: 033
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/22/2006
Mercury (245.1) 11.3 ug 3/30/2006

. /7/%

Gay)é E. O'Neill, Ph.D.

This report may not be repgagiuced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
= = 7177 N. Austin
———— Niles, IL 60714-4617

MR ® g47-647-1345

PREPARED FOR:

PAGE 8 of 24
Jim Platt Report #: 71372
Platt Environmental Services Inc. Report Date: 4/12/2006
371 Balm Court Sample Received:
Wood Dale, IL. 60191 3/20/06  11:23
PE2006043
TElI Number: 71395 Sample: 034
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) - 57 ug 3/29/2006
Mercury (245.1) 0.07 ug 4/6/2006
Selenium (7740) 79 ug 3/29/2006
TElI Number: 71396 Sample: 035
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 47 ug 3/29/2006
Mercury (245.1) 0.06 ug 4/6/2006
Selenium (7740) 76 ug - 3/29/2006
TElI Number: 71397 Sample: 036
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 28 ug 3/29/2006
Mercury (245.1) <0.03 ug 4/6/2006
Selenium (7740) 54 ug 3/29/2006

2 //7/44/2%7

Gay)€ E. O'Neill, Ph.D.

This report may not be repyggiuced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
= = 7177 N. Austin
—— Niles, IL 60714-4617

B ® g847.647-1345

PREPARED FOR:

PAGE 9 of 24
Jim Platt Report #: 71372
Platt Environmental Services Inc. Report Date: 4/12/2006
371 Balm Court Sample Received:
Wood Dale, IL 60191 3/20/06 11:23
PE2006043
TElI Number: 71398 Sample: 037
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 14 ug 4/11/2006
Mercury (245.1) 37.0 ug 3/31/2006
Selenium (7740) 200 ug 3/29/2006
TEI Number: 71399 Sample: 038
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 7.5 ug 4/11/2006
Mercury (245.1) 19.7 ug 3/30/2006
Selenium (7740) 77 ug 3/29/2006
TEI Number: 71400 Sample: 039
TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/28/2006
Arsenic (7060A) 8.8 ug 4/11/2006
Mercury (245.1) 26.4 ug 3/31/2006
Selenium (7740) 127 ug 3/29/2006

2 Z~/77A/ZV4(//4

Gayle’E. O'Neill, Ph.D.

This report may not be repggduced except in its entirety.



LABORATORY REPORT

TE! Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 10 of 24

Report #. 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71401 Sample: 040

TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/22/2006
Mercury (245.1) 6.25 ug 3/30/2006

TEI Number: 71402 Sample: 041

TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/22/2006
Mercury (245.1) 10.0 ug 3/30/2006

TEI Number: 71403 Sample: 042

TEST RESULTS DATE PERFORMED
Preparation (M-29) 3/22/2006
Mercury (245.1) 5.71 ug 3/30/2006

TEI Number: 71404 Sample: 044

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.018 ppm  0.18 ug 3/24/2006

4-/«-/7?%

Gayle’E. O'Neill, Ph.D.

This report may not be repggiuced except in its entirety.



LABORATORY REPORT

, TEI Analytical, Inc.
= = 7177 N. Austin
 — Niles, IL 60714-4617

B ® 847647-1345

PREPARED FOR:
PAGE 11 of 24

Jim Platt Report #: 71372

Platt Environmental Services Inc. Report Date: 4/12/2006

371 Balm Court Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71405 Sample: 045

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.013ppm  0.12 ug 3/24/2006

TEI Number: 71406 Sample: 046

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.274 ppm  2.01ug 3/24/2006

TEI Number: . 71407 Sample: 047

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.893 ppm  5.49 ug 3/24/2006

TEI Number: 71409 Sample: 049

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 17.7 ug 3/31/2006

2 . < /7/%

Gaylg’E. O'Neill, Ph.D.

This report may not be repypgiuced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

————————

PREPARED FOR;:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

Corrected PAGE 12 of 24

Report #: 71372
Report Date: 4/20/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEl Number: 71410 Sample: 050

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 19.7 ug 3/31/2006

TEI Number: 71411 Sample: 051

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 60.5 ug 4/6/2006

TEI Number: 71412 Sample: 051A

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 26.1 ug 4/6/2006

TEI Number: 71413 -Sample: 053

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.91 ug 4/5/2006

TEI Number: 71414 Sample: 054

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.94 ug 4/5/2006

9. - /7%1;//

Gayle E. O'Neill, Ph.D.

This report may not be repggpluced except in its entirety.



LABORATORY REPORT

S————v———

"

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt

Platt Environmental Services Inc.

371 Balm Court

PAGE 13 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL. 60191 3/20/06 11:23

PE2006043

TEI Number: 71415 Sample: 055

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.44 ug 4/5/2006

TEI Number: 71416 Sample: 055A

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.69 ug 4/5/2006

TEI Number: 71417 Sample: 057

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 7.92 ug 3/31/2006

TE!I Number: 71418 Sample: 058

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 7.58 ug 3/31/2006

TEI Number: 71419 Sample: 059

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 6.68 ug 3/31/2006

R 4 M%‘/\//

Gayl¢ E. O'Neill, Ph.D.

This report may not be rep@puced except in its entirety.



LABORATORY REPORT

T ——————

TEI Analytical, Inc.

"

7177 N. Austin
Niles, IL 60714-4617
®  847-647-1345

PREPARED FOR:

Jim Platt

Platt Environmental Services Inc.

371 Balm Court

PAGE 14 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71420 Sample: 059A

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 7.71 ug 3/31/2006

TEI Number: 71421 Sample: 061

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.005 ug 3/24/2006

TEI Number: 71422 Sampie: 062

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.005 ug 3/24/2006

TEI Number: 71423 Sample: 063

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.007 ug 3/24/2006

Gayle’E. O'Neill, Ph.D.

This report may not be repggduced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617

"

847-647-1345
PREPARED FOR:
Corrected PAGE 15 of 24
Jim Platt Report #: 71372
Platt Environmental Services Inc. Report Date: 4/20/2006
371 Balm Court Sample Received:
Wood Dale, IL 60191 3/20/06 11:23
PE2006043
TEI Number: 71424 Sample: 065
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 18.6 ug 3/31/2006
TEI Number: 71425 Sample: 066
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 27.5 ug 4/6/2006
TEI Number: 71426 Sample: 067
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 77.9 ug 4/6/2006
TElI Number: 71427 Sample: 069
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.66 ug 4/5/2006
TEI Number: 71428 Sample: 070
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.85 ug 4/5/2006
G . € /%&é%

Gayté E. O'Neill, Ph.D.

This report may not be repggiuced except in its entirety.



LABORATORY REPORT

———————

|

TEI Analytical, Inc.
7177 N. Austin
Niles, IL. 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt

Platt Environmental Services Inc.

371 Balm Court

PAGE 16 of 24

Report #: 71372
Report Date: 4/12/2006 .
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71429 Sample: 071

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 2.57 ug 4/5/2006

TEI Number: 71430 Sample: 073

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 6.94 ug 3/31/2006

TEI Number: 71431 Sampie: 074

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 8.01 ug 3/31/2006

TEI Number: 71432 Sample: 075

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 20.0 ug 3/31/2006

g. &£ - 57/;«%

Gaylé E. O'Neill, Ph.D.

This report may not be repeyluced except in its entirety.



LABORATORY REPORT

TE! Analytical, Inc.

7177 N. Austin

Niles, IL 60714-4617
®  847-647-1345

"

PREPARED FOR:
PAGE 17 of 24

Jim Platt Report #: 71372

Platt Environmental Services Inc. Report Date: 4/12/2006

371 Balm Court Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71433 Sample: 076

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.005 ug 3/24/2006

TEI Number. 71434 Sample: 077

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.005 ug 3/24/2006

TElI Number: 71435 Sample: 078

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.005 ug 3/24/2006

TElI Number: 71436 Sample: 079

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 2.65 ug 3/31/2006

Gayl¢ E. O'Neill, Ph.D.

This report may not be repgggiuced except in its entirety.




LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

St r——————

 —

i @

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 18 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71437 Sample: 080

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.94 ug 3/31/2006

TEI Number: 71438 Sample: 081

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.77 ug 3/31/2006

TEI Number: 71439 Sample: 082

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.27 ug 4/5/2006

TEI Number: 71440 Sample: 083

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.1 ug 4/5/2006

TEI Number: 71441 Sample: 084

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.1 ug 4/5/2006

Ga;}e/ E. O'Neill, Ph.D.

This report may not be repeggiuced except in its entirety.



LABORATORY REPORT

- TE! Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt

Platt Environmental Services Inc.

371 Balm Court

PAGE 19 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23

PE2006043

TEI Number: 71442 Sample: 085

TEST RESULTS DATE PERFORMED

Mercury (Ontario Method) 13.1 ug 3/31/2006

TElI Number: 71444 Sample: 086

TEST RESULTS DATE PERFORMED

Mercury (Ontario Method) 13.4 ug 3/31/2006

TEI Number: 71445 Sample: 087

TEST RESULTS DATE PERFORMED

Mercury (Ontario Method) 6.99 ug 3/31/2006

TEl Number: 71446 Sample: 088

TEST RESULTS DATE PERFORMED

Sulfuric Acid (Method 8) 7.3 mg 3/24/2006

TEI Number: 71447 Sample: 089

TEST RESULTS DATE PERFORMED

Sulfuric Acid (Method 8) 1.7 mg 3/24/2006
3.2 - /726/%

Gayle’E. O'Neill, Ph.D.

This report may not be reprpduced except in its entirety.




LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 20 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL. 60191 3/20/06 11:23
PE2006043
TEI Number: 71448 Sample: 090
TEST RESULTS DATE PERFORMED
Sulfuric Acid (Method 8) 9.3 mg 3/24/2006
TEI Number: 71449 Sample: 091
TEST RESULTS DATE PERFORMED
Sulfuric Acid (Method 8) 34.8 mg 3/24/2006
TEI Number: 71450 Sample: 092
TEST RESULTS DATE PERFORMED
Sulfuric Acid (Method 8) 26.5 mg 3/24/2006
TEI Number: 71451 Sample: 093
TEST RESULTS DATE PERFORMED
Sulfuric Acid (Method 8) 25.3 mg 3/24/2006
TEI Number: 71452 Sample: 094
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
P
g8 . 7 —/7/%”{/
Gayle’E. O'Neill, Ph.D.

This report may not be repggluced except in its entirety.




LABORATORY REPORT

TEI Analytical, Inc.
= = 7177 N. Austin
. — Niles, IL 60714-4617
B ©® 847.647-1345

PREPARED FOR:
PAGE 21 of 24

Jim Platt Report #: 71372

Platt Environmental Services Inc. Report Date: 4/12/2006

371 Balm Court Sample Received:

Wood Dale, IL 60191 3/20/06  11:23

PE2006043

TElI Number: 71453 Sample: 095

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.1 ug 4/5/2006

TEI Number: 71454 Sample: 096

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006

TE! Number: 71455 Sample: 097

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.03 ug 4/5/2006

TEI Number: 71456 Sample: 098

TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.03 ug 3/31/2006

Gayl¢'E. O'Neill. Ph.D.

This report may not be repseruced except in its entirety.




LABORATORY REPORT

TEI Analytical, Inc.
—_ = 7177 N. Austin
" Niles, IL. 60714-4617
B ® 347.647-1345

PREPARED FOR:

PAGE 22 of 24
Jim Platt Report #: 71372
Platt Environmental Services Inc. Report Date: 4/12/2006
371 Balm Court Sample Received:
Wood Dale, IL 60191 3/20/06  11:23
PE2006043
TEI Number: 71457 Sample: 099
TEST ‘ RESULTS DATE PERFORMED
Mercury (Ontario Method) 0.005 ug 3/24/2006
TEI Number: 71458 Sample: 100
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
TEI Number: 71459 Sample: 101
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.1 ug 4/5/2006
TEI Number: 71460 Sample: 102
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
-
o o 7T ﬂ///

Gayle'E. O'Neill, Ph.D.

This report may not be repgﬁiuced except in its entirety.




LABORATORY REPORT

TEI Analytical, Inc.
7177 N. Austin
Niles, IL 60714-4617
847-647-1345

——————

- —

;| ®

PREPARED FOR:

Jim Platt
Platt Environmental Services Inc.
371 Balm Court

PAGE 23 of 24

Report #: 71372
Report Date: 4/12/2006
Sample Received:

Wood Dale, IL 60191 3/20/06 11:23
PE2006043
TEI Number: 71461 Sample: 103
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
TEI Number: 71462 Sample: 104
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.1 ug 4/5/2006
TEI Number: 71463 Sample: 105
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
TElI Number: 71464 Sample: 106
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
TE!I Number: 71465 Sample: 107
TEST RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.1 ug 4/5/2006
) 7 //)
g 2 /7////é/

Gaye/E. O'Neill, Ph.D.

This report may not be repgwpuced except in its entirety.



LABORATORY REPORT

TEI Analytical, Inc.
= = 7177 N. Austin

—— Niles, IL 60714-4617
m ® 847-647-1345

PREPARED FOR:

PAGE 24 of 24
Jim Platt Report #: 71372
Platt Environmental Services Inc. Report Date: 4/12/2006
371 Balm Court Sample Received:
Wood Dale, IL. 60191 3/20/06 11:23
PE2006043
TEI Number: 71466 Sample: 108
TEST ' RESULTS DATE PERFORMED
Mercury (Ontario Method) <0.3 ug 3/31/2006
TEI Number: 71467 Sample: 109
TEST RESULTS DATE PERFORMED
Bromine (M26A) <0.2 mg 3/24/2006
Chlorine (M26A) <0.1 mg 3/24/2006
TEI Number: 71468 Sample: 110
TEST : RESULTS DATE PERFORMED
HBr (M26A) : <0.2 mg 3/24/2006
HCI (M26A) <0.1 mg 3/24/2006
HF (M26A) <0.1 mg 3/24/2006

9 . Wé&”%/j

Gayle’E. O'Neill, Ph.D.

This report may not be repgsluced except in its entirety.



Project/Project Number: ADA-ALP

Date: 3/(9 /o¢

Coo masv o

Analyst:_ €. Chlur

Description Initial Weight | Final Weight |Net Weight Gain
Test No. |
Filter No. |45/ e 192 0.3196 /0. 294 10,223 /5, 62| ¥ 90%0
Acetone Wash No. {?¢ s ml S $.185¢ U, 0o,
Acetone Blank O\ oY
Total Weight Ovollg
Test No. 2
Filter No. Y1y 0. 3830 0. 253 0,008
Acetone Wash No.j3 ¢ 3o m ¢ er0 S 1930 0. 0030
Acetone Blank 04 odoL
Total Weight 0, ot
Test No. 3
Filter No. jgy O.3454 O. 3549 0,660
Acetone Wash No. /3y ¢ ml ¢y, 59 S 1207 O, sed
Acetone Blank O o
Total Weight 0138
TestNo. d
Filter No. ,¢3 .3 s O, 3606 | O, olbl
Acetone Wash No. j3¢ qo M | 5Ty3.¢ S id3 0,00
Acetone Blank Q1o sy
Total Weight O.031¢
Blank
Acetone Wash No. mi
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Project/Project Number: A0K- A Concau W

Date:  3/ja(«

Analyst: & Chil .

Description

Initial Weight

Final Weight

Net Weight Gain

Test No.

Filter No. o

ey

q.2903

2.3139

Acetone Wash No.

mi

Acetone Blank

Total Weight

TestNo. 3

Filter No.6( 0

3.0373

jo. 3803

7. 3830

Acetone Wash No.

ml

Acetone Blank

Total Weight

Test No. <

Filter No.902

3,139

2.223G

Acetone Wash No.

ml

Acetone Blank

Total Weight

Test No.

Filter No.

Acetone Wash No.

ml

Acetone Blank

Total Weight

Blank

Acetone Wash No.

ml
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NOMENCLATURE - PARTICULATES

A = Cross-sectional area of stack or duct, ft?
A, = Cross-sectional area of nozzle, ft*
Bws = Water vapor in gas stream, proportion by volume
Ca = Acetone blank residue concentration, o/g
Cacr = Concentration of particulate matter in gas stream at actual conditions, gr/acf
Cp = Pitot tube coefficient, dimensionless
Cs = Concentration of particulate matter in gas stream, dry basis, corrected to standard conditions,
gr/dscf
IKV = Isokinetic sampling variance, must be .90 < IKV < 1.10
Mg = Dry molecular weight of gas, Ib/Ib-mole
m, = Total amount of particulate matter collected, grams
M; = Molecular weight of gas, wet basis, Ib/lb-mole
My = Molecular weight of water, 18.0 Ib/ib-mole
m, = Mass of residue of acetone after evaporation, grams
Pvar = Barometric pressure at testing site, in. Hg
Py = Static pressure of gas, in. Hg (in. H,0/13.6)
Ps = Absolute pressure of gas, in. Hg = Py, + Pq
Ps« = Standard absolute pressure, 29.92 in. Hg
Qaem = Actual volumetric gas flow rate, acfm
Qsq = Dry volumetric gas flow rate corrected to standard conditions, dscf/hr
R = |deal gas constant, 21.85 in. Hg-ft*/°R-Ib-mole
Tm = Absolute dry gas meter temperature, °R
Ts = Absolute gas temperature, °R
Tsw = Standard absolute temperature, 528°R
Va= Volume of acetone blank, ml
Vaw = Volume of acetone used in wash, ml
V.= Total volume of liquid collected in impingers and silica gel, ml
Vi = Volume of gas sample as measured by dry gas meter, dcf

Vinstay = Volume of gas sample measured by dry gas meter, corrected to standard conditions, dscf
vs = Gas velocity, ft/sec
Vsta) = Volume of water vapor in gas sample, corrected to standard conditions, scf
W, = Weight of residue in acetone wash, grams
Y = Dry gas meter calibration factor
AH = Average pressure differential across the orifice meter, in. H,O

L | |

Ap = Velocity head of gas, in. H,0
pa = Density of acetone, 0.7855 g/ml (average)
pw = Density of water, 0.002201 Ib/ml
6 = Total sampling time, minutes
Ki= 17.64 °R/in. Hg
K, = 0.04707 ft°/ml

0.09450/100 = 0.000945

X 12
K. = Pitot tube constant, g 4o ft | (Ib/1b— mole)(in. Hg)
i Tsec| (PR)(in.H,0)

fl

= Percent excess air

%CO0,; = Percent carbon dioxide by volume, dry basis
%O, = Percent oxygen by volume, dry basis

%CO = Percent carbon monoxide by volume, dry basis
%N, = Percent nitrogen by volume, dry basis

0.264 = Ratio of O, to N, in air, viv
0.28 = Molecular weight of N, or CO, divided by 100
0.32 = Molecular weight of O, divided by 100
0.44 = Molecular weight of CO, divided by 100
13.6 = Specific gravity of mercury (Hg)
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CALCULATION FORMULAS PAR

TICULATES

~ AH AH
T Pba: + Pbar _ﬁ
1. Voo = VoY (__s_td_) 136 _ K, V.Y 136
Tm P std Tm
Py || RT;
2. Vi = Vw(ﬂ*} (*P—tdj =K, Vi
\ std
3. B = Vw(std)
Vm(sld) + Vw(std)
4a. C, = T
V.0,

4b Wa = CaVawpa

5. Cg =(15.43 grains/gram) (m, / Vi)
mnPS

w(std) + Vm(std) T\s)
%0, - (0.5 %CO
0.264 %N, — (%0, — 0.5 %CO

C,. = 15.43K,.(

%EAz( JXIOO

M, = 0.44(%CO,) +0.32(%0, ) + 0.28(%N,)

M, = M,(1-B,,)+18.0B,
10.

1. Q,, = v.A(60

sec/min )

12. Qsd = (36oosec/hr)(1_Bws) Vs (

Tstd Ps ) A

s™ std

13. E (emission rate, Ibs/hr) = Q,,(C,/7000 grains/lb)

V,

m

Ts (std) P std . T;Vm (std)

14. IKV =

=K
T.v.fA,P60(1-B,) ‘PvA 6(1-B,,
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EMISSION RATE CALCULATIONS

A pollutant emission rate (E), expressed as pounds of pollufant per million Btu heat input from
the fuel combusted can be calculated by several methods as follows:

1. C=C,/7000 where, C = pollutant concentration, 1b/dscf
¢s = pollutant concentration, grains/dscf

2. If fuel flow is monitored and the fuel combusted during the test is sampled and
analyzed for gross calorific value, then:

E= QC x 10°
fuel flow rate (Ib/ hr) GCV

where, E = lbs per million Btu
GCV = gross calorific value, Btu/1b
Qy = dry volumetric gas flow at standard conditions, dscf / hr

3. If an integrated gas sample is taken during the test and analyzed for %CO, or
%0,, dry basis by volume, with an Orsat gas analyzer, then

100 o op_ 209

F,———or, E=C where,
(%CO,) (20.9 - %0,)

%CO; and %O, are expressed as percent; and, for example, for subbituminous
and bituminous coals:

F. = a factor representing a ratio of the volume of carbon dioxide generated to the
calorific value of the fuel combusted, 1800 scf CO,/million Btu.

F = a factor representing a ratio of the volume of dry flue gases generated to the
calorific value of the fuel combusted, 9780 dscf/million Btu.

4. If fuel sample increments are taken and composited during the test and an ultimate
analysis is performed and the GCV is determined, then

F - 321x 10°(%C)

¢ GCV,

- [3.64 (%H) + 1.53 (%C) + 0.57 (%S) + 0.14 (%N) - 0.46 (%02)]><
GVC

where, H, C, S, N, and O are content by weight of hydrogen, carbon, sulfur,

nitrogen, and oxygen (expressed as percent) respectively.

where, %C = carbon content by weight expressed as percent

10°

5. If fuels other than subbituminous and bituminous coals are fired, other F-factors
than those above will apply; and, if combinations of different fuels are fired, the
F-factors must be prorated according to the fraction of the total heat input derived
from each type of fuel.
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MERCURY SAMPLE CALCULATION

Concentration

HE ug of sample
3 3

dscf volume sampled x 0.02832 %
ft

Emission Rate

1 x 107 grams

8
453.6 gr/lb

g of sample x

= lbs of sample

Ibg/sample x dscfin x 60 22 - lbs/hr
Vm (std) sample hr
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CALCULATIONS FOR HYDROGEN CHLORIDE
(HCI)

Concentration of Hydrogen Chloride:

Ibs HC1  ug HClin sample
dscf  4.536x10° x dscf

where:

4.536x10° = ug/lb

dscf = Volume of gas sampled

36.453

/b HCl = ug Cl
He He X 35 453

Parts Per Million v/v- Hydrogen Chloride

Ibs HCI 36453

m HCI = :
PP dscf  385x10°

where:

385 = Volume of 1 Ib mole of gas at 68F and 29.92 in. Hg

10° = Conversion of ppm v/v
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[Example Calculations - Method 5/26A Test

Company:; ADA

Plant: AEP Conesville
Test Location: Unit 6 ESP Outlet
Run: 1

Date: 3/14/2006

Dry Molecular Weight

Md = 0.44 x (%C0;) + 0.32 x (%0,;) + 0.28 X %N,
%CO, = 12.0 %0, = 7.0 %N, =
Md=_ 30.20

Wet Molecular Weight

Ms = Md x (1-Bws) + (18.0 x Bws)
Md = 30.20 Bws = 0.000
Ms = 29.55

Meter Volume at Standard Conditions

vm(std) = 17647 X Y x Vm x (Pbar +AH/13.6)
Tm
Y= 0.996 Vm=_ 43911 Pbar =
AH = 1.35 Tm = 514.0
Vm(std) = 43.544

Volume of Water Vapor Condensed

Vw(std) = 0.0471 x (net H,0 gain)
Net H,0 = 52.4
Vw(std) = 2.468
Moisture Content
Bws = Vwe(std)
Vwe(std) + Vm(std)
Vw(std) = 2.468 Vm(std) = 43,544
Bws = 0.054 Maximum Moisture Content =

Average Duct Velocity

Vs = 8549 x Cp x Sqrt AP (avg) x (Ts (avg)/ (Ps x Ms))*2

Cp= 0.840 Ts (avg) = 788.6  Sqrt AP (avg):
Ps = 28.16 Ms = 29.55
Vs = 35.60

70

81.0

28.90

0.000

0.509

Page 1 of 2



|Example Calculations - Method 5/26A Test

Page 2 of 2
Volumetric Flow Rate (Actual Basis)

Q= Vs x A x 60
Vs=__ 35.60 A =__600.000
Q= 1281445

Volumetric Flow Rate (Standard Basis)

Qstd= 17647 x Q x Ps
Ts (avg)

Q=__ 1281445 Ps = 28.16 Ts (avg) = 788.6
Qstd = 807617
Vﬁlumetric Flow Rate (Standard Dry Basis)
Qstd(dry) = Qstd x (1-Bws)
Qstd = 807617 Bws = 0.000
Qstd(dry) = 764298
Isokinetic Variation:

%ISO = _0.0945 x Ts x Vm(std)
Vs x8 x An x Ps x (1-Bws)

Ts = 788.6 Vm(std) = 2.468 Vs = 35.596
An = 0.001 0= 60.0 Ps 28.16
Bws = 0.000

%]I1S0 = 97.7

PM Concentration:
This example represents the filterable fraction. For other fractions, use the obtained m, for that particulate fraction.

Co=m, x 15.43
Vm(std)

m, (@ = 0.0116 Vm(std) =  43.544
Co=__0.0041 gr/dscf
PM Emission Rate:

ER Ib/hr

Co X Qstd(dry) x 60
7000

ER Ib/mmBtu Co x Fd (dscf/mmBtu)  x 20.9

7000 20.9 - 02%

Co

0.0041 Qstd(dry) = 764298
ERIb/hr=__ 26.928 1Ib/hr

ER |Ib/mmBtu = 0.017 Ib/mmBtu
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|[Example Calculations - Method 17/26A Test

Company: ADA

Plant: AEP Conesville
Test Location: Unit 6 ESP Inlet
Run: 1

Date: 3/14/2006

Dry Molecular Weight

Md = 0.44 x (%CO;) + 0.32x (%0,;) + 0.28 x %N,
%CO, = 13.0 %0, = 6.0 %N, =
Md=__ 30.32

Wet Molecular Weight

Ms = Md x (1-Bws) + (18.0 x Bws)
Md = 30.32 Bws = 0.000
Ms=  29.69

Meter Volume at Standard Conditions

Vm(std) = 17647 x Y x Vm X (Pbar +AH/13.6)
Tm
Y = 1.006 Vm=__ 45.807 Pbar =
AH = 1.49 Tm = 521.3
Vm(std) = 45,258

Volume of Water Vapor Condensed

Vw(std) = 0.0471 x (net H,0 gain)
Net H,0 = 51.6
Vw(std) = 2.430
Moisture Content
Bws = Vwc(std)
Vwe(std) + Vm(std)
Vw(std) = 2.430 Vm(std) = 45.258
Bws = 0.051 Maximum Moisture Content =

Average Duct Velocity

Vs = 8549 x Cp x_Sqrt AP (avg) x (Ts (avg)/ (Ps x Ms))*?
Cp = 0.840 Ts (avg) = 789.6  Sart AP (avg):
Ps = 28.02 Ms = 29.69

Vs = 38.99
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|Example Calculations - Method 17/26A Test

Volumetric Flow Rate (Actual Basis)
Q= Vs x A x 60
Vs = 38.99 A=
Q= 1806379

Volumetric Flow Rate (Standard Basis)

Qstd = 17.647 x Q x __Ps
Ts (avg)

Q=__1806379 Ps =
Qstd = 1131133
Volumetric Flow Rate (Standard Dry Basis)

Qstd(dry) = Qstd x (1-Bws)

Qstd = 1131133 Bws =

Qstd(dry) = 1073487
Isokinetic Variation:

%ISO = _0.0945 x Ts x Vm(std)
Vs x8 x An x Ps x (1-Bws)

Ts = 789.6 Vm(std) = 2.430

An = 0.001 0= 60.0
Bws = 0.000
%1IS0 = 98.4

PM Concentration:

772.125

28.02

__0000

Page 2 of 2

Ts(avg) = 789.6

Vs = 38.992
Ps=__ 2802

This example represents the filterable fraction. For other fractions, use the obtained m,, for that particulate fraction.

Co

my, x 1543
Vm(std)

Vm{std) =

my(g)=__ 7.3139

Co

2.4935 gr/dscf
PM Emission Rate:

ER Ib/hr = Co X Qstd(dry) x 60

7000
ER Ib/mmBtu = Co x Fd (dscf/mmBtu)  x
7000
Co=__ 2.4935 Qstd(dry) = 1073487

ERIb/hr = 22943.895 Ib/hr

ERIb/mmBtu=__ 4.887 Ib/hr
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VOLUMETRIC AIR FLOW CALCULATIONS

DH

bar P
Vm (std) =17.647 x Vi x| —13.6 | v
(460 + Tm)

Vw (std) =0.0471x Vlc Vic = water + silica net

Bws— [ Vw (std) ]

Vw (std) + Vm (std)
Md = (0.44x %CO,) +(0.32x %0,) +[0.28x (100 - %CO, - %0,)]

MS =Md x (1- Bws) + (18 x Bws)

vs= [(54460), VDP x Cp x 85.49 Cp = pitot tube correction factor
MsxPs Ps = absolute flue gas pressure
Ms = molecular weight of gas (Ib/Ib
mole)
Md = dry molecular weight of gas
(Ib/Ib mole)
Bws = water vapor in gas stream
Acfm = Vs x Area (of stack or duct) x 60 proportion
by volume
Dscfin = Acfinx17.647 x| ——> |x (1- Bws)
| (460+Ts) |

Sefin = Actinx17.647x| —F5__
| (460+Ts) |
Scth = Scfin x 60Ell
hr
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|TEST DATA -

Ontario Hydro

Run No.: 2

Project Number: PE2006043 Test Date: 3/16/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: Unit 6 ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772.125 Sq. Ft.
Test Engineer: cT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.
Pitot ID: . Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Tefion Minutes per Point: 10.0
Nozzle Diameter: 0.268 in, Total Number of Traverse Points: 12
Train Type: Other Test Length: 120 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.00 in, Hg. Initial Impinger Content: 5995.00 mis.
Static Pressure: -12.00 in. H,0 Final Impinger Content: 6103.00 mis.
Flue Pressure (Ps): 28.12 in. Hg. abs. Difference: 108.00
Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.000 Silica Final Wt. 0.00 grams
@ 10/10 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 108.00
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.76 Inches H,0 Gas Weight dry, Md: 30.320 Ib/tb mole
Meter Temperature, Tm: 79.0 °F Gas Weight wet, Ms: 29,398 ib/Ib mole
Sqrt AP: 0.547 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 3333 °F Gas Velocity, Vs: 38.497
Meter Volume, Vm: 65,691 Cubic Feet Volumetric Flow, ACFM: 1,783,456
Meter Volume, Vmstd: 62.866 dscf Volumetric Flow, DSCFM: 1,031,966
Meter Volume, Vwstd: 5.087 wscf Volumetric Flow, SCFM: 1,115,467
Moisture, Bws: 0.075 Isokinetic Variance, %I: 100.1
Meter Volume, Normal 58.581
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol, Wt. of Analyte if ppm needed: 200.590
Speciated Mercury
Particle Bound Mercury
mg (net) collected:  0.000180
ppb: 0.012115
ug/dncm: 0.11
Ib/hr:  0.000391
Ib/mmBtu (based on Fd): 0.00000009
Elemental Mercury
mg (net) collected:  0.00883
ppb:  0.594325
ug/dncm: 5.32
Ib/hr:  0.019173
Ib/mmBtu (based on Fd): 0.00000425
Oxidized Mercury
mg (net) collected:  0.01770
ppb:  1.191342
ug/dncm: 10.67
fb/hr:  0.038433
Ib/mmBtu (based on Fd): 0.00000852
Total Mercury
mg (net) collected:  0.02671
ppb: 1.797782
ug/dncm: 16.10
ib/hr:  0.057997
tb/mmBtu (based on Fd): 0.00001285
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TRAVERSE DATA:

Ontario Hydro

Company: ADA Test Run: 2 Test Date:  3/16/2006
Plant: AEP Conesville Start Time: 8:55
Location: Unit 6 ESP Inlet End Time: 11:00
Velocity Orifice Actual Stack Meter Temp Pump Collected}| Point
Port- Clock Head Ap AH Meter Vol. | Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

PointNo. | Time in. H,0 | in. H0 i Ap °F °F °F in. Hg i ft/sec

1-1 8:55:00 0.24 0.60 41.89 0.490 362 77 77 5.0 4.899 35.08

1-2 9:05:00 0.35 0.88 46.79 0.592 366 77 77 5.0 5.920 42.47
9:15:00 52.71

2-1 9:16:00 0.24 0.60 52.77 0.490 355 78 77 5.0 4.900 34.93

2-2 9:26:00 0.30 0.76 57.67 0.548 362 78 78 5.0 5.480 39.22
9:36:00 63.15

3-1 9:37:00 0.31 0.78 63.21 0.557 330 79 78 5.0 5.540 39.09

3-2 9:47:00 0.30 0.76 68.75 0.548 333 79 78 5.0 5.510 38.53
9:57:00 74.26

4-1 9:58:00 0.31 0.78 74.33 0.557 329 80 79 5.0 5.570 39.06

4-2 10:08:00 0.29 0.74 79.90 0.539 332 80 79 5.0 5.390 37.85
10:18:00 85.29

5-1 10:19:00 0.27 0.68 85.36 0.520 314 81 79 5.0 5.200 36.11

5-2 10:29:00 0.37 0.93 90.56 0.608 310 81 80 5.0 6.080 42.16
10:39:00 96.64

6-1 10:40:00 0.27 0.68 96.71 0.520 300 82 80 5.0 5.200 35.78

6-2 10:50:00 0.36 0.91 101.91 0.600 307 82 80 5.0 6.002 41.50
11:00:00 107.91

0.76 65.691] 0.547 333 80 79 65.691
79.00

Field Notes/Comments:
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TEST DATA - Ontario Hydro Run No.: 3

Project Number; PE2006043 Test Date: 3/16/2006

TEST PARAMETERS

Company: ADA Duct Shape: Rectangular

Plant: AEP Conesville Length: 17.75 Feet

Test Location: Unit 6 ESP Inlet Width: 43.50 Feet

Source Condition: Normal Duct Area: 772.125 Sq. Ft.

Test Engineer: cT

Temp ID: CM-7 Sample Plane: Horizontal

Meter ID: CM-7 Port Length: 18.00 in.

Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.

Pitot ID: Port Type: Flange

Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6

Probe Length: 10.0 ft. Number of Points per Port: 2

Probe Liner Material: Teflon Minutes per Point: 10.0

Nozzle Diameter: 0.268 in. Total Number of Traverse Points: 12

Train Type: Other Test Length: 120 min.

STACK CONDITIONS MOISTURE DETERMINATION

Barometric Pressure (Pb): 29.00 in, Hg. Initial Impinger Content: 6155.40 mis.

Static Pressure: -12.00 in. H,0 Final Impinger Content: 6260.00 mis.

Flue Pressure (Ps): 28.12 in. Hg. abs, Difference: 104.60

Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams

Leak Check Post: 0.000 Silica Final Wt. 0.00 grams
@ 10/10 in. Hg. Difference: 0.00

Carbon Dioxide: 13.0 % Total Water Gain: 104.60

Oxygen: 6.0 %

Nitrogen: 81.0 %

STACK PARAMETERS

Delta H: 0.77 Inches H,0 Gas Weight dry, Md: 30.320 Ib/Ib mole

Meter Temperature, Tm: 80.0 °F Gas Weight wet, Ms: 29,428 Ib/lb mole

Sqrt AP: 0.550 Inches H,0 Excess Air: 39,002 %

Stack Temperature, Ts: 3329 °F Gas Velocity, Vs: 38.680

Meter Volume, Vm: 66.042 Cubic Feet Volumetric Flow, ACFM: 1,791,928

Meter Volume, Vmstd: 63.087 dscf Volumetric Flow, DSCFM: 1,040,127

Meter Volume, Vwstd: 4,927 wscf Volumetric Flow, SCFM: 1,121,354

Moisture, Bws: 0.072 Isokinetic Variance, %I: 99.7

Meter Volume, Normal 58.786

EMISSION DATA

Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590

Speciated Mercury
Particle Bound Mercury
mg (net) collected:  0.000120
ppb:  0.008049
ug/dncm: 0.07
Ib/he:  0.000262
Ib/mmBtu (based on Fd): 0.00000006

Elemental Mercury
mg (net) collected:  0.00852
ppb: 0.571457
ug/dncm: 5.12
Ib/hr:  0.018581
Ib/mmBtu (based on Fd): 0.00000408

Oxidized Mercury
mg (net) collected:  0.01970
ppb:  1.321326
ug/dncm: 11.83
Ib/hr:  0.042964
Ib/mmBtu (based on Fd): 0.00000944

Total Mercury
mg (net) collected:  0.02834
ppb:  1.900831
ug/dncm: 17.02
Ib/hr:  0.061806
Ib/mmBtu (based on Fd): 0.00001359
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| TRAVERSE DATA;

Ontario Hydro

Company: ADA TestRun: 3 Test Date:  3/16/2006
Plant: AEP Conesville Start Time: 11:30
Location: Unit 6 ESP Inlet End Time: 13:35
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in.H,0 | in. R0 ft? Ap °F °F °F in. Hg i ft/sec

1-1 11:30:00 0.25 0.63 8.38 0.500 363 78 78 5.0 4.999 35.83

1-2 11:40:00 0.35 0.88 13.38 0.592 365 78 78 5.0 5.920 42,44
11:50:00 19.30

2-1 11:51:00 0.27 0.68 19.36 0,520 351 79 78 5.0 5.200 36.96

2-2 12:01:00 0.34 0.86 24.56 0.583 361 79 79 5.0 5.830 41.73
12:11:00 30.39

3-1 12:12:00 0.31 0.78 30.46 0.557 332 80 79 5.0 5.570 39.14

3-2 12:22:00 0.28 0.71 36.03 0.529 331 80 79 5.0 5.290 37.17
12:32:00 41.32

4-1 12:33:00 0.31 0.78 41.38 0.557 330 81 80 5.0 5.570 39.09

4-2 12:43:00 0.30 0.76 46.95 0.548 329 81 80 5.0 5.480 38.43
12:53:00 52,43

5-1 12:54:00 0.26 0.66 52.50 0.510 317 82 80 5.0 5.100 35.50

5-2 13:04:00 0.38 0.96 57.60 0.616 311 82 81 5.0 6.160 42,75
13:14:00 63.76

6-1 13:15:00 0.25 0.63 63.82 0.500 300 83 81 5.0 5.000 34.43

6-2 13:25:00 0.35 0.88 68.82 0.592 305 83 81 5.0 5.923 40.87
13:35:00 74.74

0.77 66.042] 0.550 333 81 80 66.042
80.00

Field Notes/Comments:
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TEST DATA - Ontario Hydro Run No.: 4 i
Project Number: PE2006043 Test Date; '3[17[2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: Unit 6 ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772,125 Sq. Ft.
Test Engineer: cT
Temp 1D: CM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.
Pitot ID: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 10.0
Nozzle Diameter: 0.268 in. Total Number of Traverse Points: 12
Train Type: Other Test Length: 120 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.23 in. Hg. Initial Impinger Content: 6137.00 mis.
Static Pressure: -12.00 in. H,0 Final Impinger Content: 6234.20 mls.
Flue Pressure (Ps): 28.35 in. Hg. abs. Difference: 97.20
Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.000 Silica Final Wt. 0.00 grams

@ 10/10 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 97.20
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.78 Inches H,0 Gas Weight dry, Md: 30.320 Ib/1b mole
Meter Temperature, Tm: 78.0 °F Gas Weight wet, Ms: 29.504 Ib/tb mole
Sqrt AP: 0.556 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 332.9 °F Gas Velocity, Vs: 38.888
Meter Volume, Vm: 66.754 Cubic Feet Volumetric Flow, ACFM: 1,801,562
Meter Volume, Vmstd: 64.512 dscf Volumetric Flow, DSCFM: 1,061,291
Meter Volume, Vwstd: 4.578 wscf Volumetric Flow, SCFM: 1,136,605
Moisture, Bws: 0.066 Isokinetic Variance, %I: 99.9
Meter Volume, Normal 60.114
EMISSION DATA

Type of Fuel Firing: Coal
Fuel Factor F; (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590

Speciated Mercury
Particle Bound Mercury
myg (net) collected:
ppb:
ug/dncm:
Ib/hr:
Ib/ mmBtu (based on Fd):

Elemental Mercury

mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

Ib/mmBtu (based on Fd):

Oxidized Mercury

mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

Ib/mmBtu (based on Fd):

Total Mercury

mg (net) collected:

ppb:

ug/dnem:

Ib/hr:

th/mmBtu (based on Fd):

0.002010
0.131836
1.18
0.004374
0.00000094

0.00712
0.467002
4.18
0.015494
0.00000334

0.06050
3.968208
35.54
0.131654
0.00002836

0.06963
4.567047
40.90
0.151521
0.00003264
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| TRAVERSE DATA:

Ontario Hydro

Company: ADA TestRun: 4 Test Date:  3/17/2006
Plant: AEP Conesville Start Time: 8:05
Location: Unit 6 ESP Inlet End Time: 10:10
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in.H,0 | in.H0 ft’ Ap °F °F °F in. Hg fit? ft/sec

-1 8:05:00 0.28 0.71 43.32 0.529 363 76 76 5.0 5.290 37.92

1-2 8:15:00 0.34 0.86 48.61 0.583 367 76 76 5.0 5.830 41.88
8:25:00 54.44

2-1 8:26:00 0.28 0.71 54.50 0.529 358 77 76 5.0 5.300 37.80

2-2 8:36:00 0.32 0.81 59.80 0.566 361 77 77 5.0 5.650 40.49
8:46:00 65.45

3-1 8:47:00 0.31 0.78 65.52 0.557 331 78 77 5.0 5.560 39.11

32 8:57:00 0.31 0.78 71,08 0.557 330 78 77 5.0 5.580 39.09
9:07:00 76.66

4-1 9:08:00 0.30 0.70 76.73 0.548 328 79 78 5.0 5.480 38.40

4-2 9:18:00 0.31 0.78 82,21 0.557 330 79 78 5.0 5.570 39.09
9:28:00 87.78

5-1 9:29:00 0.27 0.68 87.85 0.520 310 80 78 5.0 5.200 36.01

5-2 9:39:00 0.36 0.91 93.05 0.600 312 80 79 5.0 6.000 41.64
9:49:00 99.05

6-1 9:50:00 0.28 0.71 99.13 0.529 300 81 79 5.0 5.290 36.44

6-2 10:00:00 0.36 0.91 104.42 0.600 305 81 79 5.0 6.004 41.45
10:10:00 110.42

0.78 66.754] 0.556 333 79 78 66.754
78.00

Field Notes/Comments:
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TEST DATA - Ontario Hydro Run No.: 5
Project Number: PE2006043 Test Date: 3/17/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangutar
Plant: AEP Conesville Length: 17.75 Feet
Test Location: Unit 6 ESP Inlet Width: 43.50 Feet
Source Condition: Normat Duct Area: 772.125 Sa. Ft.
Test Engineer: cT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in,
Pitot ID: Port Type: Fiange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 7.0
Nozzle Diameter: 0.268 in. Total Number of Traverse Points: 12
Train Tyvpe: Other Test Length: 84 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.23 in. Hg. Final Impinger Content: 6033.00 mis,
Static Pressure: -12.00 in. H,0 Initial Impinger Content: 5966.80 mls.
Flue Pressure (Ps): 28.35 in. Hg. abs. Difference: 66.20
Sample Train Pre: 0.000 Silica Final Wt. 0.00 arams
Leak Check Post: 0.000 Silica Initial wWt. 0.00 grams
@ 10/10 in. Ha. Difference: 0.00
Carbon Dioxide: . 13.0 % Total Water Gain: 66.20
Oxvgen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.79 Inches H,0 Gas Weight dry, Md: 30.320 ib/lb mole
Meter Temperature, Tm: 80.0 °F Gas Weight wet, Ms: 29.523 tb/Ib mole
Sqrt AP: 0.558 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 334.0 °F Gas Velocity, Vs: 39.001
Meter Volume, Vm: 46.829 Cubic Feet Volumetric Flow, ACFM: 1,806,826
Meter Volume, Vmstd: 45.090 dscf Volumetric Flow, DSCFM: 1,064,743
Meter Volume, Vwstd: 3.118 wscf Volumetric Flow, SCFM: 1,138,371
Moisture, Bws: 0.065 Isokinetic Variance, %1I: 99.4
Meter Volume, Normal 42.016
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590

Speciated Mercury
Particle Bound Mercury
mg (net) collected:
ppb:
ug/dncm:
Ib/hr:
Ib/mmBtu (based on Fd):

Elemental Mercury

mg (net) collected:

ppb:

ug/dncm:

ib/hr:

Ib/mmBtu (based on Fd):

Oxidized Mercury

mg (net) collected:

ppb:

ug/dncn:

Ib/hr:

Ib/ mmBtu (based on Fd):

Total Mercury

mg (net) collected:
ppb:

ug/dncm:

Ib/hr:

0.005490
0.515198
4.61
0.017148
0.00000368

0.00840
0.788282
7.06
0.026238
0.00000563

0.02610
2.449303
21.94
0.081525
0.00001751

0.03999
3.752783
33.61
0.124912

Ib/mmBtu (based on Fd): 0.00002682
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| TRAVERSE DATA:

Ontario Hydro

Company: ADA TestRun: 5 Test Date:  3/16/2006
Plant: AEP Conesville Start Time: 11:25
Location: Unit 6 ESP Inlet End Time: 12:54
Velocity Orifice Actual Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. { Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

PointNo. | Time in.H,0 | in H0 ft® Ap °F °F °F in. Hg i3 ft/sec

1-1 11:25:00 0.26 0.66 11.07 0.510 364 78 78 5.0 3.574 36.56

1-2 11:32:00 0.33 0.83 14.64 0.574 368 78 78 5.0 4.020 41,29
11:39:00 18.66

2-1 11:40:00 0.28 0.71 18.73 0.529 358 79 78 5.0 3.700 37.80

2-2 11:47:00 0.33 0.83 22.43 0.574 364 79 79 5.0 4.020 41.19
11:54:00 26.45

3-1 11:55:00 0.32 0.81 26.52 0.566 330 80 79 5.0 3.960 39.71

32 12:02:00 0.32 0.81 30.48 0.566 332 80 79 5.0 3.960 39.76
12:09:00 34.44

4-1 12:10:00 0.30 0.76 34,51 0.548 331 81 80 5.0 3.830 38.48

4-2 12:17:00 0.32 0.81 38.34 0.566 330 81 80 5.0 3.960 39.71
12:24:00 42,30

5-1 12:25:00 0.28 0.71 42.37 0.529 315 82 80 5.0 3.700 36.79

5-2 12:32:00 0.36 0.91 46.07 0.600 310 82 81 5.0 4.200 41.59
12:39:00 50.27

6-1 12:40:00 0.28 0.71 50.34 0.529 299 83 81 5.0 3.700 36.41

6-2 12:47:00 0.36 0.91 54.04 0.600 307 83 81 5.0 4.205 41.50
12:54:00 58.25

0.79 46.829| 0.558 334 81 80 46.829
80.00

Field Notes/Comments:
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TEST DATA Ontario Hydro Run No.; 2
Project Number: PE2006043 Test Date: 3/16/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 15.00 Feet
Test Location: Unit 6 ESP Outlet Width: 40.00 Feet
Source Condition: Normal Duct Area: 600.000 Sq. Ft.
Test Engineer: JLH
Temp ID: CM-9 Sample Plane: Vertical
Meter ID: CM-9 Port Length: in,
Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 1
Probe Length: 10.0 ft. . Number of Points per Port: 1
Probe Liner Material: Glass Minutes per Point: 120.0
Nozzle Diameter: 0.271 in, Total Number of Traverse Points: 1
Train Type: Hot Box Test Length: 120 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.10 in. Hg. Initial Impinger Content: 6158.80 mis.
Static Pressure: -11.00 in. H,0 Final Impinger Content: 6240.60 mis.
Flue Pressure (Ps): 28.29 in, Hg. abs. Difference: 81.80
Sample Train Pre: 0.005 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.003 Silica Final Wt. 0.00 grams
10/5 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 81.80
Oxygen: 7.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.75 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole
Meter Temperature, Tm: 56.1 °F Gas Weight wet, Ms: 29.505 Ib/tb mole
Sqrt AP: 0.551 Inches H,0 Excess Air: 48.665 % :
Stack Temperature, Ts: 337.0 °F Gas Velocity, Vs: 38.673
Meter Volume, Vim: 64.249 Cubic Feet Volumetric Flow, ACFM: 1,392,220
Meter Volume, Vmstd: 63.790 dscf Volumetric Flow, DSCFM: 822,394
Meter Volume, Vwstd: 3.853 wscf Volumetric Flow, SCFM: 872,065
Moisture, Bws: 0.057 Isokinetic Variance, %I: 96.9
Meter Volume, Normal 59.442
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor F, (dscf/ mmBtu): 9780
List Mol, Wt. of Analyte if ppm needed: 200.590

Speciated Mercury

Particle Bound Mercury
mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

ib/mmBtu (based on Fd):

Elemental Mercury

mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

Ib/mmBtu (based on Fd):

Oxidized Mercury

mg (net) collected:

ppb:

ug/dncm:

ib/hr:

Ib/mmBtu (based on Fd):

Total Mercury

mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

Ib/mmBtu (based on Fd):

0.000005
0.000332
0.00
0.000009
0.00000000

0.00760
0.504128
4.52
0.012961
0.00000386

0.01860
1.233786
11.05
0.031719
0.00000945

0.02621
1.738246
15.57
0.044688
0.00001332



TRAVERSE DATA: Ontario Hydro
Company: ADA Test Run: 2 Test Date:  3/16/2006
Plant: AEP Conesville Start Time: 8:55
Location: Unit 6 ESP Outlet End Time: 10:55

Velocity Orifice Actual Stack Meter Temp Pump Collected| Point

Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 i Ap °F °F °F in. Hg it ft/sec
1-1 8:55:00 0.31 0.76 26.15 0.557 325 52 48 3.0 2.747 38.77
1-2 9:00:00 0.31 0.76 28.90 0.557 325 53 48 3.0 2.640 38.77
1-3 9:05:00 0.31 0.76 31.54 0.557 337 55 49 3.0 2.660 39.07
1-4 9:10:00 0.31 0.76 34.20 0.557 337 56 50 4.0 2.710 39.07
1-5 9:15:00 0.31 0.76 36.91 0.557 337 57 50 4.0 2.690 39.07
1-6 9:20:00 0.31 0.76 39.60 0.557 337 58 51 4.0 2.710 39.07
1-7 9:25:00 0.31 0.76 42.31 0.557 337 58 52 4.0 2.760 39.07
1-8 9:30:00 0.31 0.76 45.07 0.557 338 59 52 4.0 2.720 39.09
1-9 9:35:00 0.31 0.76 47.79 0.557 338 59 53 4.0 2.720 39.09
1-10 9:40:00 0.30 0.74 50.51 0.548 338 59 53 4.0 2.680 38.46
1-11 9:45:00 0.30 0.74 53.19 0.548 338 59 53 4.0 2.680 38.46
1-12 9:50:00 0.30 0.74 55.87 0.548 338 59 53 4.0 2.680 38.46
1-13 9:55:00 0.30 0.74 58.55 0.548 338 60 54 4.0 2.650 38.46
1-14 10:00:00 0.30 0.74 61.20 0.548 338 60 54 4.0 2.650 38.46
1-15 10:05:00 0.30 0.74 63.85 0.548 338 60 55 4.0 2.660 38.46
1-16 10:10:00 0.30 0.74 66.51 0.548 338 60 55 4.0 2.580 38.46
1-17 10:15:00 0.30 0.74 69.09 0.548 339 60 55 4.0 2.640 38.48
1-18 10:20:00 0.30 0.74 71.73 0.548 339 60 55 4.0 2.670 38.48
1-19 10:25:00 0.30 0.74 74.40 0.548 339 61 55 4.0 2.650 38.48
1-20 10:30:00 0.30 0.74 77.05 0.548 340 61 55 4.0 2.650 38.51
1-21 10:35:00 0.30 0.74 79.70 0.548 339 62 56 4.0 2.650 38.48
1-22 10:40:00 0.30 0.74 82.35 0.548 338 63 57 4.0 2,700 38.46
1-23 10:45:00 0.30 0.74 85.05 0.548 339 63 57 4.0 2.690 38.48
1-24 10:50:00 0.30 0.74 87.74 0.548 339 63 57 4.0 2.662 38.48

10:55:00 90.40 :
0.75 64.249| 0.551 337 59 53 64.249
56.13

Field Notes/Comments:

84




TEST DATA - Ontario Hydro Run No.: 3
Project Number; PE2006043 Test Date: 3/16/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 15.00 Feet
Test Location: Unit 6 ESP Qutlet Width: 40.00 Feet
Source Condition: Normal Duct Area: 600.000 Sq. Ft.
Test Engineer: JH
Temp ID: CM-9 Sample Plane: Vertical
Meter ID: CM-9 Port Length: in.
Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 1
Probe Length: 10.0 ft. Number of Points per Port: 1
Probe Liner Material: Glass Minutes per Point: 120.0
Nozzle Diameter: 0.271 in, Total Number of Traverse Points: 1
Train Type: Hot Box Test Length: 120 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.10 in. Hg. Initial Impinger Content: 5619.60 mis.
Static Pressure: -11.00 in. H,0 Final Impinger Content: 5713.40 mis.
Flue Pressure (Ps): 28.29 in. Hg. abs, Difference: 93.80
Sample Train Pre: 0.005 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.006 Silica Final Wt. 0.00 grams
@ 10/5 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 93.80
Oxygen: 7.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.75 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole
Meter Temperature, Tm: 64.9 °F Gas Weight wet, Ms: 29.410 1b/ib mole
Sqrt AP: 0.547 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts: 339.3 °F Gas Velocity, Vs: 38.498
Meter Volume, Vin: 65.370 Cubic Feet Volumetric Flow, ACFM: 1,385,922
Meter Volume, Vmstd: 63.821 dscf Volumetric Flow, DSCFM: 809,588
Meter Volume, Vwstd: 4,418 wscf Volumetric Flow, SCFM: 865,631
Moisture, Bws: 0.065 Isokinetic Variance, %I: 98.5
Meter Volume, Normal 59.471
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780

List Mol. Wt. of Analyte if ppm needed:

Speciated Mercury
Particle Bound Mercury
mg (net) collected:
ppb:
ug/dncm:
Ib/hr:
Ib/mmBtu (based on Fd):

Elemental Mercury

mg (net) collected:

ppb:

ug/dncm:

ib/hr:

Ib/mmBtu (based on Fd):

Oxidized Mercury

mg (net) collected:

ppb:

ug/dncm:

ib/hr:

Ib/mmBtu (based on Fd):

Total Mercury

mg (net) collected:

ppb:

ug/dncm:

1b/hr:

Ib/mmBtu (based on Fd):

0.000005
0.000332
0.00
0.000008
0.00000000

0.0089
0.587420
5.26
0.014867
0.00000450

0.02750
1.823256
16.33
0.046144
0.00001397

0.03637
2.411008
21.59
0.061019
0.00001847

200.590



| TRAVERSE DATA:

Ontario Hydro

Company: ADA Test Run: 3 Test Date:  3/16/2006
Plant: AEP Conesville Start Time: 11:30
Location: Unit 6 ESP Outlet End Time: 13:30

Velocity Orifice Actual Stack Meter Temp Pump Collected | Point

Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 i Ap °F °F °F in. Hg i ft/sec
1-1 11:30:00 0.29 0.73 91.48 0.539 338 61 59 4.0 2.711 37.81
1-2 11:35:00 0.29 0.73 94.19 0.539 339 62 59 4.0 2.690 37.83
1-3 11:40:00 0.30 0.75 96.88 0.548 339 63 59 4.0 2.750 38.48
1-4 11:45:00 0.30 0.75 99.63 0.548 340 65 60 4.0 2.730 38.51
1-5 11:50:00 0.30 0.75 102.36 0.548 340 66 60 4.0 2.740 38.51
1-6 11:55:00 0.30 0.75 105.10 0.548 340 66 60 4.0 2.760 38.51
1-7 12:00:00 0.30 0.75 107.86 0.548 340 66 61 4.0 2.690 38.51
1-8 12:05:00 0.30 0.75 110.55 0.548 339 67 61 4.0 2.730 38.48
1-9 12:10:00 0.30 0.75 113.28 0.548 339 67 61 4.0 2.730 38.48
1-10 12:15:00 0.30 0.75 116.01 0.548 340 67 62 4.0 2.690 38.51
1-11 12:20:00 0.30 Q.75 118.70 0.548 340 68 62 4.0 2.690 38.51
1-12 12:25:00 0.30 0.75 121.39 0.548 339 68 62 4.0 2.810 38.48
1-13 12:30:00 0.30 0.75 124.20 0.548 339 68 63 4.0 2.680 38.48
1-14 12:35:00 0.30 0.75 126.88 0.548 339 69 63 4.0 2,700 38.48
1-15 12:40:00 0.30 0.75 129.58 0.548 338 69 63 4.0 2.730 38.46
1-16 12:45:00 0.30 0.75 132.31 0.548 338 69 64 4.0 2.720 38.46
1-17 12:50:00 0.30 0.75 135.03 0.548 339 69 64 4.0 2.680 38.48
1-18 12:55:00 0.30 0.75 137.71 0.548 339 69 64 4.0 2.690 38.48
1-19 13:00:00 0.30 0.75 140.40 0.548 340 70 64 4.0 2.780 38.51
1-20 13:05:00 0.30 0.75 143.18 0.548 340 70 64 4.0 2.730 38.51
1-21 13:10:00 0.30 0.75 145.91 0.548 339 70 65 4.0 2.740 38.48
1-22 13:15:00 0.30 0.75 148.65 0.548 340 70 65 4.0 2.740 38.51
1-23 13:20:00 0.30 0.75 151,39 0.548 340 70 65 4.0 2.730 38.51
1-24 13:25:00 0.30 0.75 154.12 0.548 340 70 65 4.0 2.729 38.51

13:30:00 156.85
0.75 65.370| 0.547 339 67 62 65.370
64.88

Field Notes/Comments:

86




TEST DATA Ontario Hydro Run No.: 4

Project Number: PE2006043 Test Date: 3/17/2006

TEST PARAMETERS

Company: ADA Duct Shape: Rectangular

Plant: AEP Conesville Length: 15.00 Feet

Test Location: Unit 6 ESP QOutlet Width: 40.00 Feet

Source Condition: Normal Duct Area: 600.000 Sq. Ft.

Test Engineer:; JLH

Temp ID: CM-9 Sample Plane: Vertical

Meter ID: CM-9 Port Length: in.

Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.

Pitot ID: 005A Port Type: Flange

Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 1

Probe Length: 10.0 ft. Number of Points per Port: 1

Probe Liner Material; Glass Minutes per Point: 120.0

Nozzle Diameter: 0.271 in. Total Number of Traverse Points: 1

Train Type: Hot Box Test Length: 120 min.

STACK CONDITIONS MOISTURE DETERMINATION

Barometric Pressure (Pb): 29.23 in. Hg. Initial Impinger Content: 5701.80 mls,

Static Pressure: -11.00 in. H,0 Final Impinger Content: 5812.00 mils.

Flue Pressure (Ps): 28.42 in. Hg. abs. Difference: 110.20

Sample Train Pre: 0.002 Silica Initial Wt. 0.00 grams

Leak Check Post: 0.005 Silica Final Wt. 0.00 grams
10/5 in, Hg. Difference: 0.00

Carbon Dioxide: 12.0 % Total Water Gain: 110.20

Oxygen: 7.0 %

Nitrogen: 81.0 %

STACK PARAMETERS

Delta H: 0.83 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole

Meter Temperature, Tm: 47.2 °F Gas Weight wet, Ms: 29.334 Ib/1b mole

Sqrt AP: 0.582 Inches H,0 Excess Air: 48.665 %

Stack Temperature, Ts: 330.9 °F Gas Velocity, Vs: 40.682

Meter Volume, Vm: 66.890 Cubic Feet Volumetric Flow, ACFM: 1,464,552

Meter Volume, Vmstd: 67.897 dscf Volumetric Flow, DSCFM: 862,816

Meter Volume, Vwstd: 5.190 wscf Volumetric Flow, SCFM: 928,774

Moisture, Bws: 0.071 Isokinetic Variance, %]I: 98.3

Meter Volume, Normal 63.269

EMISSION DATA

Type of Fuel Firing:
Fuel Factor F, (dscf/mmBtu):
List Mol. Wt. of Analyte if ppm needed:

Speciated Mercury

Particle Bound Mercury
mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

fb/mmBtu (based on Fd):

Elemental Mercury

mg (net) collected:

ppb:

ug/dncm:

ib/hr:

Ib/mmBtu (based on Fd):

Oxidized Mercury

mg (net) collected:

ppb:

ug/dncm:

ib/hr:

Ib/mmBtu (based on Fd):

Total Mercury

mg (net) collected:
ppb:

ug/dncm:

Ib/hr:

0.000007
0.000436
0.00
0.000012
0.00000000

0.0226
1.406565
12,60
0.037939
0.00001078

0.07790
4.854737
43.48
0.130945
0.00003720

0.10048
6.261739
56.08
0.168895

Ib/ mmBtu (based on Fd): 0.00004798

Coal
9780
200.590



TRAVERSE DATA:  Ontario Hydro
Company: ADA TestRun: 4 Test Date:  3/17/2006
Plant: AEP Conesville Start Time: 8:05
Location: Unit 6 ESP Outlet End Time: 10:05

Velocity Orifice Actual Stack Meter Temp Pump Collected | Point

Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in.H,0 | in.H,0 ft’ ap °F °F °F in. Hg i3 ft/sec
1-1 8:05:00 0.32 0.78 22.01 0.566 328 45 42 5.0 2.770 39.47
1-2 8:10:00 0.32 0.78 24,78 0.566 328 45 42 5.0 2.690 39.47
1-3 8:15:00 0.34 0.83 27.47 0.583 329 47 42 5.0 2.810 40.71
1-4 8:20:00 0.34 0.83 30.28 0.583 329 48 42 5.0 2.760 40.71
1-5 8:25:00 0.34 0.83 33.04 0.583 330 49 42 5.0 2.800 40.74
1-6 8:30:00 0.34 0.83 35.84 0.583 330 49 43 5.0 2,790 40.74
1-7 8:35:00 0.34 0.83 38.63 0.583 330 50 43 5.0 2.790 40.74
1-8 8:40:00 0.34 0.83 41.42 0.583 331 50 44 5.0 2.770 40.76
1-9 8:45:00 0.34 0.83 44.19 0.583 331 51 44 5.0 2.770 40.76
1-10 8:50:00 0.34 0.83 46,96 0.583 331 51 44 5.0 2.770 40.76
1-11 8:55:00 0.34 0.83 49.73 0.583 331 51 44 5.0 2.790 40.76
1-12 9:00:00 0.34 0.83 52.52 0.583 332 51 45 5.0 2.770 40.79
1-13 9:05:00 0.34 0.83 55.29 0.583 331 51 45 5.0 2.780 40.76
1-14 9:10:00 0.34 0.83 58.07 0.583 332 51 45 5.0 2.740 40.79
1-15 9:15:00 0.34 0.83 60.81 0.583 331 51 45 5.0 2.890 40.76
1-16 9:20:00 0.34 0.83 63.70 0.583 332 51 46 5.0 2.800 40.79
1-17 9:25:00 0.34 0.83 66.50 0.583 332 51 46 5.0 2.800 40.79
1-18 9:30:00 0.34 0.83 69.30 0.583 331 51 46 5.0 2.800 40.76
1-19 9:35:00 0.34 0.83 72.10 0.583 332 51 46 5.0 2.800 40.79
1-20 9:40:00 0.34 0.83 74.90 0.583 332 51 46 5.0 2.810 40.79
1-21 9:45:00 0.34 0.83 77.71 0.583 332 51 46 5.0 2.780 40.79
1-22 9:50:00 0.34 0.83 80.49 0.583 332 51 46 5.0 2.790 40.79
1-23 9:55:00 0.34 0.83 83.28 0.583 332 51 46 5.0 2.810 40.79
1-24 10:00:00 0.34 0.83 86.09 0.583 332 51 46 5.0 2.810 40.79

10:05:00 88.90
0.83 66.890] 0.582 331 50 44 66.890
47.19

Field Notes/Comments:

88




List Mol. Wt. of Analyte if ppm needed:

Speciated Mercury

Particle Bound Mercury
mg (net) collected:

ppb:

ug/dncm:

tb/hr:

Ib/mmBtu (based on Fd):

Elemental Mercury
mg (net) collected:
ppb:

ug/dncm: .

ib/hr:
Ib/ mmBtu (based on Fd):

Oxidized Mercury

mg (net) collected:

ppb:

ug/dncm:

Ib/hr;

Ib/mmBtu (based on Fd):

Total Mercury

mg (net) collected:

ppb:

ug/dncm:

Ib/hr:

Ib/mmBtu (based on Fd):

0.000005
0.000568
0.01
0.000043
0.00000000

0.01337
1.519577
13.61
0.113750
0.00001164

0.00265
0.301188
2.70
0.022546
0.00000231

0.01603
1.821333
16.31
0.136338
0.00001395

200.590

TEST DATA Ontario Hydro Run No.: 1
Project Number: PE2006043 Test Date:  3/17/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 26.00 Feet
Test Location: Unit 6 FGD Outlet Width: 20.00 Feet
Source Condition: Normal Duct Area: 520.000 Sq. Ft.
Test Engineer: JLH
Temp ID: CM-10 Sample Plane: Horizontal
Meter ID: CM-10 Port Length: in.
Meter Calibration Factor: 1.000 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Nipple
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 8
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Glass Minutes per Point: 5.0
Nozzle Diameter: 0.135 in. Total Number of Traverse Points: 16
Train Type: Hot Box Test Length: 80 min,
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.23 in. Hg. Initial Impinger Content: 6057.00 mis,
Static Pressure: 1.00 in, H,0 Final Impinger Content: 6163.20 mis.
Flue Pressure (Ps): 29.30 in. Hg. abs. Difference: 106.20
Sample Train Pre: 0.002 Silica Initial Wt, 0.00 grams
Leak Check Post: 0.018 Silica Final Wt. 0.00 grams
10/5 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 106.20
Oxygen: 7.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.56 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole
Meter Temperature, Tm: 52.1 °F Gas Weight wet, Ms; 28,755 tb/1b mole
Sqrt AP: 1.646 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts: 125.3 °F Gas Velocity, Vs: 98.540
Meter Volume, Vm: 36.906 Cubic Feet Volumetric Flow, ACFM: 3,074,462
Meter Volume, Vmstd: 37.230 dscf Volumetric Flow, DSCFM: 2,394,545
Meter Volume, Vwstd: 5.002 wscf Volumetric Flow, SCFM: 2,716,265
Moisture, Bws: 0.118 Isokinetic Variance, %1I: 101.7
Meter Volume, Normal 34.692
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780



TRAVERSE DATA:

Ontario Hydro

Company: ADA TestRun: 1 Test Date:  3/17/2006
Plant: AEP Conesville Start Time: 11:25
Location: Unit 6 FGD Outlet End Time: 12:58
Velocity Orifice Actual Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in.H,0 | in.H,0 i Ap °F °F °F in. Hg i3 ft/sec

1-1 11:25:00 3.10 0.65 4.70 1.761 125 49 47 3.0 2.485 105.35

1-2 11:30:00 2.80 0.59 7.18 1.673 126 50 48 3.0 2.376 100.21
11:35:00 9.56

2-1 11:36:00 2.90 0.61 9.56 1.703 125 52 49 3.0 2.424 101.90

2-2 11:41:00 2.60 0.54 11.98 1.612 125 54 49 3.0 2.305 96.48
11:46:00 14.29

3-1 11:47:00 2.70 0.56 14.29 1.643 126 55 50 3.0 2.295 98.40

3-2 11:52:00 2.70 0.56 16.58 1.643 125 56 50 3.0 2.352 98.32
11:57:00 18.93

4-1 11:58:00 2.80 0.58 18.93 1.673 126 56 51 3.0 2.378 100.21

4-2 12:03:00 2.80 0.58 21.31 1.673 126 56 51 3.0 1.795 100.21
12:08:00 23.11

5-1 12:15:00 2.80 0.58 23.11 1.673 125 53 50 3.0 2.405 100.12

5-2 12:20:00 2,60 0.54 25.51 1.612 126 54 50 3.0 2,300 96.56
12:25:00 27.81

6-1 12:26:00 2.60 0.54 27.81 1.612 128 53 50 3.0 2.290 96.73

6-2 12:31:00 2.60 0.54 30.10 1.612 124 55 51 3.0 2.301 96.40
12:36:00 32.40

7-1 12:37:00 2.60 0.54 32.40 1.612 124 55 51 3.0 2.479 96.40

7-2 12:42:00 2.60 0.54 34.88 1.612 124 56 52 3.0 2,120 96.40
12:47:00 37.00

8-1 12:48:00 2.60 0.54 37.00 1.612 125 55 52 3.0 2.310 96.48

8-2 12:53:00 2.60 0.54 39.31 1.612 125 55 51 3.0 2,291 96.48
12:58:00 41.60

0.56 36.906] 1.646 125 54 50 36.906
52.06

Field Notes/Comments:

90




TEST DATA - Ontario Hydro Run No.: 2
Project Number; PE2006043 Test Date: 3/17/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 26.00 Feet
Test Location: Unit 6 FGD Outlet Width: 20.00 Feet
Source Condition: Normal ' Duct Area: 520.000 Sq. Ft.
Test Engineer: JtH
Temp ID: CM-10 Sample Plane: Horizontal
Meter ID: CM-10 Port Length: in.
Meter Calibration Factor: 1.000 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Nipple
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 8
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Glass Minutes per Point: 5.0
Nozzie Diameter: 0.135 in. Total Number of Traverse Points: 16
Train Type: Hot Box Test Length: 80 min,
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.23 in. Hg. Initial Impinger Content: 5700.80 mis.
Static Pressure: 1.00 in. H;0 Final Impinger Content: 5876.00 mis.
Flue Pressure (Ps): 29.30 in, Hg. abs. Difference: 175.20
Sample Train Pre: 0.006 Silica Initial Wt, 0.00 grams
Leak Check Post: 0.005 Silica Final Wt. 0.00 grams
@ 10/6 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 175.20
Oxygen: 7.0 %o
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.56 Inches H,0 Gas Weight dry, Md: 30.200 Ib/ib mole
Meter Temperature, Tm: 53.7 °F Gas Weight wet, Ms: 28.638 ib/1b mole
Sqrt AP: 1.635 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts: 123.0 °F Gas Velocity, Vs: 97.871
Meter Volume, Vm: 37.478 Cubic Feet Volumetric Flow, ACFM: 3,053,578
Meter Volume, Vmstd: 37.689 dscf Volumetric Flow, DSCFM: 2,361,825
Meter Volume, Vwstd: 8.252 wscf Volumetric Flow, SCFM: 2,708,515
Moisture, Bws: 0.180 Isokinetic Variance, %]I: 104.4
Supersaturation Value, Bws:  0.128*
Meter Volume, Normal 35.120
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590

Speciated Mercury

Particle Bound Mercury

mg (net) coflected:  0.000005
ppb:  0.000561
ug/dncm: 0.01
ib/hr:  0.000041
th/mmBtu (based on Fd): 0.00000000
Elemental Mercury
mg (net) collected: 0.0135
ppb:  1.515649
ug/dnem: 13.57
~Ib/hr: 0.111905
Ib/mmBtu (based on Fd): 0.00001161
Oxidized Mercury
mg (net) collected:  0.00094
ppb:  0.105534
ug/dncm: 0.95
Ib/hr:  0.007792
b/ mmBtu (based on Fd): 0.00000081
Total Mercury
mg (net) collected:  0.01445
ppb:  1.621745
ug/dncm: 14.53
Ib/hr;  0.119739
Ib/mmBtu (based on Fd): 0.00001243



| TRAVERSE DATA:

Ontario Hydro

Company: ADA Test Run: 2 Test Date:  3/17/2006
Plant: AEP Conesville Start Time: 13:20
Location: Unit 6 FGD Outlet End Time: 15:02
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in.H,0 | in.H;0 ft’ Ap °F °F °F in. Hg ft’ ft/sec

1-1 13:20:00 2.10 0.44 41.87 1.449 122 51 50 4.0 2.062 86.49

1-2 13:25:00 2.40 0.50 43.93 1.549 123 53 51 4.0 2.201 92.54
13:30:00 46.13

2-1 13:31:00 2.40 0.50 46.13 1.549 122 54 51 4.0 2.239 92.46

2-2 13:36:00 2.40 0.50 48.37 1.549 127 56 51 4.0 2.192 92.85
13:41:00 50.56

3-1 13:42:00 2.60 0.55 50.56 1.612 127 57 52 4.0 2.298 96.65

3-2 13:47:00 2.60 0.55 52.86 1.612 128 58 52 4.0 2.292 96.73
13:52:00 55.15

4-1 13:53:00 2.70 0.56 55.15 1.643 127 57 52 4.0 2.338 98.49

4-2 13:58:00 2.70 0.56 57.49 1.643 129 53 51 4.0 2.333 98.65
14:03:00 59.82

5-1 14:19:00 2.50 0,52 59.82 1,581 120 55 53 4.0 2.367 94.20

5-2 14:24:00 2.50 0.52 62.19 1.581 120 56 53 4.0 2.340 94.20
14:29:00 64.53

6-1 14:30:00 3.00 0.63 64.53 1.732 119 56 53 4.0 2.460 103.10

6-2 14:35:00 3.00 0.63 66.99 1.732 121 57 53 4.0 2.463 103.28
14:40:00 69.45

7-1 14:41:00 3.00 0.63 69.45 1.732 121 56 53 4.0 2.507 103.28

7-2 14:46:00 3.00 0.63 71,96 1.732 121 56 53 4.0 2.465 103.28
14:51:00 74.43

8-1 14:52:00 3.00 0.63 74.43 1.732 120 55 52 4.0 2.455 103.19

8-2 14:57:00 3.00 0.63 76.88 1.732 121 55 52 4.0 2.466 103.28
15:02:00 79.35

0.56 37.478] 1.635 123 55 52 37.478
53.66

Field Notes/Comments:
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TEST DATA

Ontario Hydro

Run No.: 3

Speciated Mercury

Particle Bound Mercury
mg (net) collected:  0.000005
ppb:  0.000567
ug/dncm: 0.01
ib/hr:  0.000043
Ib/mmBtu (based on Fd): 0.00000000

Elemental Mercury

mg (net) collected: 0.0071
ppb: 0.804418
ug/dncm: 7.20
ib/hr:  0.061235

Ib/mmBtu (based on Fd): 0.00000616

Oxidized Mercury

mg (net) collected:  0.00077
ppb:  0.087363
ug/dncm: 0.78
Ib/hr:  0.006650
Ib/mmBtu (based on Fd): 0.00000067
Total Mercury
mg (net) collected:  0.00787
ppb:  0.892348
ug/dncm: 7.99
Ib/hr:  0.067928

Ib/mmBtu (based on Fd): 0.00000684
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Project Number: PE2006043 Test Date: _3/17/2006
TEST PARAMETERS A
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 26.00 Feet
Test Location: Unit 6 FGD Outlet Width: 20.00 Feet
Source Condition: Normal Duct Area: 520.000 Sq. Ft,
Test Engineer: JLH
Temp ID: CM-10 Sample Plane: Horizontal
Meter ID: CM-10 Port Length: in.
Meter Calibration Factor: 1.000 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Nipple
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 8
Probe Length; 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Glass Minutes per Point: 5.0
Nozzle Diameter: 0.135 in. Total Number of Traverse Points: 16
Train Type: Hot Box Test Length: 80 min,
STACK CONDITIONS MOISTURE bETERMINATION
Barometric Pressure (Pb): 29.23 in. Hg. Initial Impinger Content: 6114.60 mis.
Static Pressure: 1.00 in. H,0 Final Impinger Content: 6187.40 mis.
Flue Pressure (Ps): 29.30 in. Hg. abs. Difference: 72.80
Sample Train Pre: 0.002 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.005 Silica Final Wt. 0.00 grams
10/5 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 72.80
Oxygen: 7.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 0.55 Inches H,0 Gas Weight dry, Md: 30.200 ib/1b mole
Meter Temperature, Tm: 50.3 °F Gas Weight wet, Ms: 29.173 Ib/ib mole
Sqrt AP: 1.620 Inches H,0 Excess Air:- 48.665 %
Stack Temperature, Ts: 122.9 °F Gas Velocity, Vs: 96.070
Meter Volume, Vm: 36.843 Cubic Feet Volumetric Flow, ACFM: 2,997,377
Meter Volume, Vinstd: 37.295 dscf Volumetric Flow, DSCFM: 2,435,069
Meter Volume, Vwstd: 3.429 wscf Volumetric Flow, SCFM: 2,658,950
Moisture, Bws: 0.084 Isokinetic Variance, %]I1: 100.2
Meter Volume, Normal 34,752
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor F, (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590



TRAVERSE DATA: Ontario Hydro
Company: ADA TestRun: 3 Test Date:  3/17/2006
Plant: AEP Conesville Start Time: 15:25
Location: Unit 6 FGD Outlet End Time: 16:59
Velocity Orifice Actual Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. | Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 ft* Ap °F °F °F in. Ho i ft/sec
1-1 15:25:00 2.60 0.54 79.62 1.612 119 51 50 2.0 2.318 95.99
1-2 15:30:00 2.60 0.54 81.94 1.612 121 52 50 2.0 2,308 96.15
15:35:00 84.25
2-1 15:36:00 2.60 0.54 84.25 1.612 121 52 50 2.0 2.292 96.15
2-2 15:41:00 2.60 0.54 86.54 1.612 119 52 49 2.0 2.292 95.99
15:46:00 88.83
3-1 15:47:00 2.60 0.54 88.83 1.612 120 51 49 2.0 2.268 96.07
32 15:52:00 2.60 0.54 91.10 1,612 120 53 50 2.0 2.289 96.07
15:57:00 93.39
4-1 15:58:00 2.60 0.54 93.39 1.612 120 52 49 2.0 2.251 96.07
4-2 16:03:00 2.60 0.54 95.64 1.612 120 52 49 2.0 2,291 96.07
16:08:00 97.93
5-1 16:16:00 2.70 0.57 97.93 1.643 125 50 49 3.0 2,359 98.32
5-2 16:21:00 2.70 0.57 100.29 1.643 125 51 49 3.0 2.340 98.32
16:26:00 102,63
6-1 16:27:00 2.70 0.57 102.63 1.643 125 50 49 3.0 2.300 98.32
6-2 16:32:00 2.70 0.57 104.93 1.643 124 52 48 3.0 2.354 98.23
16:37:00 107.28
7-1 16:38:00 2.70 0.57 107.28 1.643 126 52 48 3.0 2.316 98.40
7-2 16:43:00 2.70 0.57 109.60 1.643 126 52 48 3.0 2.382 98.40
16:48:00 111.98
8-1 16:49:00 2.50 0.53 111,98 1.581 128 52 48 3.0 2.238 94.85
8-2 16:54:00 2.50 0.53 114,22 1.581 128 52 48 3.0 2.245 94.85
16:59:00 . 116.47
0.55 36.843]  1.620 123 52 49 36.843
50.28

Field Notes/Comments:
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[TEST DATA - Method 5/26A Run No.: 1
Project Number: PE2006043 Test Date: 3/14/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 15.00 Feet
Test Location: Unit 6 ESP Outlet Width: 40.00 Feet
Source Condition: Normal Duct Area: 600.000 Sq. Ft.
Test Engineer: JLH
Temp ID: CM-9 Sample Plane: Vertical
Meter ID: CM-9 Port Length: in.
Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 4
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Glass Minutes per Point: 75
Nozzle Diameter; 0.327 in. Total Number of Traverse Points: §
Train Type: Hot Box Test Length: 60 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 28.90 in, Hg. Initial Impinger Content: 3858.40 mils.
Static Pressure: -10.00 in. H,0 Final Impinger Content: 3910.80 mis.
Flue Pressure (Ps): 28.16 in. Hg. abs. Difference: 52.40
Sample Train Pre: 0.005 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.008 Silica Final Wt. 0.00 grams
@ 10/5 in, Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 52.40
Oxygen: 7.0 %
Nitrogen: 81,0 %
STACK PARAMETERS
Delta H: 1.35 Inches H,0 Gas Weight dry, Md: 30,200 Ib/Ib mole
Meter Temperature, Tm: 54.0 °F Gas Weight wet, Ms: 29,546 Ib/Ib mole
Sqrt AP: 0.509 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts; 328.6 °F Gas Velocity, Vs: 35.596
Meter Volume, Vm: 43,911 Cubic Feet Volumetric Flow, ACFM: 1,281,445
Meter Volume, Vimstd: 43.544 dscf Volumetric Flow, DSCEM: 764,298
Meter Volume, Vwstd: 2.468 wscf Volumetric Flow, SCFM: 807,617
Moisture, Bws: 0.054 Isokinetic Variance, %I: 97.7
Meter Volume, Normal 40.576
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor F, (dscf/mmBtu): 9780
List Mol, Wt. of Analyte if ppm needed: 36.461
Filterable
Sample ID: —
Item: Filter
PM, grams (net) collected: 0.0116
PM, grains/acf: 0.002
PM, grains/dscf: 0.004
mg/dncm:  10.0960
PM,Ib/hr:  26.928
PM Ib/mmBtu (based on Fd): 0.009
36.461 HBr
HCI mg (net) collected: 0.92 -
mg (net) collected: 22,40 - ppm: 0.22 -
ppm: 11,98 - ug/dncm: 800.72 ---
ug/dncm: 1949571 - Ib/hr: 2.1360 -
Ib/he: 52,0078 - Ib/mmBtu (based on Fd):  0.00068 -
Ib/mmBtu (based on Fd): 0.01668 -
20.006
HF 70.906
mg (net) collected: 1.11 - Cl,
ppm: 1.08 - mg (net) collected: 105.00
ug/dncm: 966.08 ppm: 28.86 ---
Ib/hr: 2.5772 - ug/dncm: 91386.15
Ib/mmBtu (based on Fd):  0.00083 - Ib/hr:  243.7866 -
Ib/mmBtu (based on Fd): 0.07817 -
159.818
8r,
mg (net) collected: 1.32 -
ppm: 0.16 -
ug/dncm:  1148.85 -
ib/hr: 3.0647 -
Ib/mmBtu (based on Fd):  0.00098 -
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TRAVERSE DATA: Method 5/26A
Company: ADA TestRun: 1 Test Date:  3/14/2006
Plant: AEP Conesville Start Time: 10:00
Location: Unit 6 ESP Outlet End Time: 11:17
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. | Sqgrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 i Ap °F °F °F in. Hg i ft/sec
1-1 10:00:00 0.25 1.30 35.56 0.500 334 52 51 4.0 5.443 35.07
1-2 10:07:30 0.27 1.40 41,00 0.520 326 55 51 4.0 5.397 36.27
10:15:00 46.40
2-1 10:19:00 0.27 1.40 46.69 0.520 324 57 51 4.0 5.802 36.22
2-2 10:26:30 0.25 1.30 52,49 0.500 326 58 52 3.0 5.503 34.90
10:34:00 57.99
3-1 10:47:00 0.20 1.00 58.63 0.447 326 55 52 4.0 4.800 31.21
3-2 10:54:30 0.27 1.40 63.43 0.520 328 58 52 4.0 5.556 36.31
11:02:00 68.99
4-1 11:02:00 0.27 1.40 69.03 0.520 331 58 52 5.0 5.504 36.38
4-2 11:09:30 0.30 1.60 74.53 0.548 334 58 52 5.0 5.906 38.42
11:17:00 80.44
1.35 43.911[ 0.509 329 56 52 43.911
54.00

Field Notes/Comments:
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TEST DATA - Method 5/26A Run No.: 3
Project Number: PE2006043 Test Date: 3/14/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 15.00 Feet
Test Location: Unit 6 ESP Outlet Width: 40.00 Feet
Source Condition: Normal Duct Area: 600.000 Sq. Ft.
Test Engineer: JtH
Temp ID: CM-9 Sample Plane: Vertical
Meter ID: CM-9 Port Length: in.
Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 4
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Glass Minutes per Point: 7.5
Nozzle Diameter: 0.327 in. Total Number of Traverse Points: 8
Train Type: Hot Box Test Length: 60 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 28,90 in, Hg. Initial Impinger Content: 3874.20 mls.
Static Pressure: -10.00 in. H;0 Final Impinger Content: 3934.80 mis.
Flue Pressure (Ps): 28.16 in. Hg. abs. Difference: 60.60
Sample Train Pre: 0.005 Silica Initial Wt. - 0.00 grams
Leak Check Post: 0.020 Silica Final Wt. 0.00 grams
@ 10/5 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 60.60
Oxygen: 7.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.40 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole
Meter Temperature, Tm: 64.2 °F Gas Weight wet, Ms: 29.444 Ib/1b mole
Sqrt AP; 0.510 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts: 329.0 °F Gas Velocity, Vs: 35,695
Meter Volume, Vm: 44.404 Cubic Feet Volumetric Flow, ACFM: 1,285,028
Meter Volume, Vmstd: 43.182 dscf Volumetric Flow, DSCFM: 759,302
Meter Volume, Vwstd: 2.854 wscf Volumetric Flow, SCFM: 809,490
Moisture, Bws: 0.062 Isokinetic Variance, %]I: 97.6
Meter Volume, Normal 40.239
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor F, (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 36.461
Filterable
Sample ID: ———
Item: Filter
PM, grams (net) collected: 0.0135
PM, grains/acf: 0.003
PM, grains/dscf: 0.005
mg/dncm:  11.8480
PM,Ib/hr: 31.395
PM Ib/mmBtu (based on Fd): 0.010
36.461 80.917
HCI HBr
mg (net) collected: 168.00 - mg {net) collected: 1.93 ---
ppm: 90.57 - ppm: 0.47 -
ug/dncm: 147441.62 - ug/dncm:  1693.82 -
Ib/hr:  390.7526 Ib/hr:  4.4890
Ib/mmBtu (based on Fd): 0.12613 - Ib/mmBtu (based on Fd): 0.00145 e
20.006
HF 70.906
mg (net) collected: 372 -—-- Cl,
ppm: 3.65 - mg (net) collected: 4.77 --
ug/dncm:  3264.78 —— ppm: 1.32 -
Ib/hr: 8.6524 - ug/dncm:  4186.29 .-
ib/mmBtu (based on Fd): 0.00279 - Ib/hr: 11,0946 -
Ib/mmBtu (based on Fd): 0.00358 -
159.818
Bry
mg (net) collected: 0.20 -
ppm: 0.02
ug/dncm: 175.53 -
Ib/hr:  0.4652
ib/mmBtu (based on Fd): 0.00015 -
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lTRAVERSE DATA: Method 5/26A
Company: ADA TestRun: 3 Test Date:  3/14/2006
Plant: AEP Conesville Start Time: 14:35
Location: Unit 6 ESP Outlet End Time: 15:39
Velocity Orifice Actual Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No, Time in.H,0 | in. H,0 ft* Ap °F °F °F in. Hg i’ ft/sec
1-1 14:35:00 0.27 1.40 52.54 0.520 324 63 61 4.0 5.494 36.22
1-2 14:42:30 0.25 1.40 58.03 0.500 325 61 66 4.0 5.460 34.87
14:50:00 63.49
2-1 14:50:00 0.24 1.30 63.49 0.490 340 68 62 3.0 5.400 34.49
2-2 14:57:30 0.24 1.30 68.89 0.490 340 67 62 3.0 5.470 34.49
15:05:00 74.36
3-1 15:09:00 0.28 1.50 75.42 0.529 323 67 62 4.0 5.730 36.86
3-2 15:16:30 0.24 1.30 81.15 0.490 327 67 62 4.0 5.340 34.21
15:24:00 86.49
4-1 15:24:00 0.28 1.50 86.49 0.529 327 67 62 4.0 5.760 36.95
4-2 15:31:30 0.28 1.50 92.25 0.529 326 68 62 4.0 5.750 36.93
15:39:00 98.00
1.40 44.404]  0.510 329 66 62 44.404
64.19

Field Notes/Comments:
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|TEST DATA Method 5/26A Run No.: 4
Project Number: PE2006043 Test Date: 3/14/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 15.00 Feet
Test Location: Unit 6 ESP Outlet Width: 40.00 Feet
Source Condition: Normal Duct Area: 600.000 Sq. Ft.
Test Engineer: JtH
Temp ID: CM-9 Sample Plane: Vertical
Meter ID: CM-9 Port Length: in.
Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 4
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Glass Minutes per Point: 7.5
Nozzle Diameter: 0.327 in. Total Number of Traverse Points: 8
Train Type: Hot Box Test Length: 60 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 28.90 in. Hg. Final Impinger Content: 3740.40 mis.
Static Pressure: -10.00 in, H,0 Initial Impinger Content: 3691.80 mls.
Flue Pressure (Ps): 28.16 in. Hg. abs. Difference: 48.60
Sample Train Pre;: 0.002 Silica Final Wt. 0.00 grams
Leak Check Post: 0.010 Silica Initial Wt, 0.00 grams
10/6 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 48.60
Oxygen: 7.0 %
Nitrogen: 81.0 Y%
STACK PARAMETERS
Delta H: 1.48 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole
Meter Temperature, Tm: 63.3 °F Gas Weight wet, Ms: 29,607 ib/Ib mole
Sqrt AP: 0.524 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts: 3313 °F Gas Velocity, Vs: 36.652
Meter Volume, Vm: 45,970 Cubic Feet Volumetric Flow, ACFM: 1,319,479
Meter Volume, Vmstd: 44,794 dscf Volumetric Flow, DSCFM: 788,533
Meter Volume, Vwstd: 2,289 wscf Volumetric Flow, SCFM: 828,829
Moisture, Bws: 0.049 Isokinetic Variance, %I: 97.5
Meter Volume, Normal 41.740
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 36.461
Filterable
Sample ID: —
Item: Filter
PM, grams (net) collected: 0.0216
PM, grains/acf: 0.004
PM, grains/dscf: 0.007
mg/dncm:  18.2748
PM, Ib/hr: 50.289
PM Ib/mmBtu (based on Fd): 0.016
36.461
HCl HBr
mg (net) collected: 115.00 --- mg (net) collected: 1.14 -
ppm: 59.76 - ppm: 0.27 -
ug/dncm:  97296.29 e ug/dncm: 964.50 .-
Ib/he:  267.7832 Ib/hr: 26545
Ib/mmBtu (based on Fd): 0.08323 - Ib/mmBtu (based on Fd):  0.00083 -
20.006
HF
mg (net) collected: 2.50 --- Cl,
ppm: 2.37 -—- mg (net) collected: 2.52 -
ug/dncm:  2115.14 - ppm: 0.67 --
ib/hr: 5.8214 ug/dncm:  2132.06 -
Ib/mmBtu (based on Fd): 0.00181 - ib/hr:  5.8679 ---
Ib/mmBtu (based on Fd): 0.00182 -—
159.818
Br,
mg (net) collected: 0.20 -
ppm: 0.02 -
ug/dncm: 169.21 -
Ib/hr:  0.4657
Ib/mmBtu (based on Fd):  0.00014 -



|TRAVERSE DATA:  Method 5/26A
Company: ADA Test Run: 4 Test Date:  3/14/2006
Plant: AEP Conesville Start Time: 16:20
Location: Unit 6 ESP Outlet End Time: 17:25
Velocity Orifice Actual ~Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. | Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
PointNo..| Time in.H,0 | in.H,0 ft’ Ap °F °F °F in. Hg i ft/sec
1-1 16:20:00 0.28 1.50 11.55 0.529 324 64 62 5.0 5.800 36.88
12 16:27:30 0.24 1.30 17.35 0.490 326 66 62 4.0 5.400 34.19
16:35:00 22.75
2-1 16:35:00 0.30 1.60 22.75 0.548 326 67 62 4.0 5.950 38.23
2-2 16:42:30 0.28 1.50 28.70 0.529 326 66 61 4.0 5.800 36.93
16:50:00 34.50
3-1 16:55:00 0.24 1.30 35.00 0.490 330 64 61 5.0 5.360 34.28
3-2 17:02:30 0.29 1.50 40.36 0.539 340 65 60 5.0 5.940 37.92
17:10:00 ) 46.30
4-1 17:10:00 0.30 1.60 46.30 0.548 339 66 60 5.0 6.000 38.54
4-2 17:17:30 0.27 1.50 52.30 0.520 339 66 60 5.0 5.720 36.56
17:25:00 58.02
1.48 45.970] _ 0.524 331 66 61 45.970
63.25

Field Notes/Comments:
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|TEST DATA Method 17/26A Run No.: 1 |
Project Number; PE2006043 Test Date:  3/14/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: Unit 6 ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772.125 Sq. Ft.
Test Engineer: cT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: M7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.
Pitot ID: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 5.0
Nozzle Diameter: 0.318 in. Total Number of Traverse Points: 12
Train Type: Other Test Length: 60 min,
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 28.90 in. Hg. Initial Impinger Content: 2955.20 mis.
Static Pressure: -12.00 in, H,0 Final Impinger Content: 3006.80 mls,
Flue Pressure (Ps): 28.02 in. Hg. ahs. Difference: 51.60
Sample Train Pre: 0.000 Silica Initial wt. 0.00 grams
Leak Check Post: 0.000 Silica Final wt, 0.00 grams
10/10 in, Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 51.60
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.49 Inches H,0 Gas Weight dry, Md: 30.320 Ib/lb mole
Meter Temperature, Tm: 61.3 °F Gas Weight wet, Ms: 29.692 ib/ib mole
Sqrt AP: 0.557 Inches H,0 Excess Air; 39.002 %
Stack Temperature, Ts: 329.6 °F Gas Velocity, Vs: 38.992
Meter Volume, Vm: 45.807 Cubic Feet Volumetric Flow, ACFM: 1,806,379
Meter Volume, Vmstd: 45,258 dscf Volumetric Flow, DSCFM: 1,073,487
Meter Volume, Vwstd: 2.430 wscf Volumetric Flow, SCFM: 1,131,133
Moisture, Bws: 0.051 Isokinetic Variance, %1I: 98.4
Meter Volume, Normal 42.173
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor F, (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 36.461
Filterable
SampleID; ——
Item: Filter
PM, grams (net) collected: 7.3139
PM, grains/acf: 1.482
PM, grains/dscf: 2.494
mg/dncm:  6124.4901
PM, tb/hr:  22943.895
PM Ib/mmBtu (based on Fd): 4.887
36.461 HBr
HCI mg (net) collected: 1.16 -
mg (net) collected: 28.50 - ppm: 0.27 -
ppm: 14.66 -- ug/dncm: 97136 -
ug/dncm:  23865.24 - tb/hr: 3.6395
Ib/hi: 89.4189 - ib/mmBtu (based on Fd):  0.00078 -
Ib/mmBtu (based on Fd):  0.01904 .-
20.006
HF 70.906
mg (net) collected: 0.94 - Cl,
ppm: 0.88 mg (net) collected: 117.00 -
ug/dncm: 787.13 - ppm: 30.95 e
Ib/hr: 2.9493 - ug/dncm: 97973.08 -
Ib/mmBtu (based on Fd):  0.00063 .- ib/hr:  367.0881 -
Ib/mmBtu (based on Fd): 0.07818 -
159.818
Br,
mg (net) collected: 2.40 -
ppm: 0.28
ug/dncm:  2009.70 -
Ib/hr: 7.5300- -
Ib/mmBtu (based on Fd):  0.00160 -



|TRAVERSE DATA:  Method 17/26A

Company: ADA TestRun: 1 Test Date:  3/14/2006
Plant: AEP Conesville Start Time: 10:00
Location: Unit 6 ESP Inlet End Time: 11:08
Velocity Orifice Actual Stack Meter Temp Pump Collected{ Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in. H,0 in. H,0 i Ap °F °F °F in. Hg ft’ ft/sec

1-1 10:00:00 0.28 1.33 43.41 0.529 350 60 58 3.0 3.606 37.50

1-2 10:05:00 0.38 1.81 47.02 0.616 365 58 58 3.0 4.240 44.08
10:10:00 51.26

2-1 10:12:00 0.34 1,62 51.38 0.583 346 59 58 3.0 3.990 41.22

2-2 10:17:00 0.36 1.81 55.37 0.600 355 62 58 4.0 4.110 42.65
10:22:00 59.48

4-1 10:25:00 0.31 1.48 59.54 0.557 321 64 58 4.0 3.810 38.74

4-2 10:30:00 0.28 1.33 63.35 0.529 325 65 59 4.0 3.620 36.91
10:35:00 66.97

4-1 10:36:00 0.31 1.48 67.04 0.557 325 65 59 4.0 3.810 38.84

4-2 10:41:00 0.28 1.33 70.85 0.529 328 66 59 4.0 3.620 36.98
10:46:00 74.47

5-1 10:47:00 0.29 1.38 74.56 0.539 314 66 59 4.0 3.690 37.30

5-2 10:52:00 0.33 1.57 78.25 0.574 311 66 59 4.0 3.940 39.71
10:57:00 82.19

6-1 10:58:00 0.25 1.19 82.28 0.500 308 67 60 4.0 3.430 34.50

6-2 11:03:00 0.33 1.57 85.71 0.574 307 67 60 4.0 3.941 39.61
11:08:00 89.65

1.49 45.807]  0.557 330 64 59 45.807
61.25

Field Notes/Comments:
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TEST DATA - Method 17/26A Run No.: 3
Project Number; PE2006043 Test Date: 3/14/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: Unit 6 ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772.125 Sq. Ft.
Test Engineer: CcT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4,00 in.
Pitot 1D: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 5.0
Nozzle Diameter: 0.318 in, Total Number of Traverse Points: 12
Train Type: Other Test Length: 60 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 28.90 in. Hg. Initial Impinger Content: 3532.60 mls.
Static Pressure: -10.00 in. H,0 Final Impinger Content: 3604.40 mls,
Flue Pressure (Ps): 28.16 in. Hg. abs. Difference: 71.80
Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.000 Silica Final Wt. 0.00 grams
@ 10/10 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 71.80
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.48 Inches H,0 Gas Weight dry, Md: 30.320 Ib/1b mole
Meter Temperature, Tm: 65.5 °F Gas Weight wet, Ms: 29.449 th/Ib mole
Sqrt AP: 0.552 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 331.2 °F Gas Velocity, Vs: 38.704
Meter Volume, vm: 45.348 Cubic Feet Volumetric Flow, ACFM: 1,793,056
Meter Volume, Vmstd: 44,438 dscf Volumetric Flow, DSCFM: 1,046,764
Meter Volume, Vwstd: 3.382 wscf Volumetric Flow, SCFM: 1,126,424
Moisture, Bws: 0.071 Isokinetic Variance, %I: 99.1
Meter Volume, Normal 41.409
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 36.461
Filterable
Sample ID: ——
Iten: Filter
PM, grams (net) collected: 7.3530
PM, grains/acf: 1.490
PM, grains/dscf: 2.553
mg/dncm:  6270.8807
PM, Ib/hr:  22907.520
PM Ib/mmBtu (based on Fd): 5.004
36.461 80.917
HCl HBr
mg (net) collected: 117.00 - mg (net) collected: 2.25 -
ppm: 61.29 - ppm: 0.53 -
ug/dnem:  99781.45 - ug/dncm:  1918.87 -
Ib/he: 364.5572 Ib/hr:  7.0107
Ib/mmBtu (based on Fd):  0.07963 .- Ib/mmBtu (based on Fd): 0.00153 e
20.006
HE 70.906
mg (net) collected: 2.41 - Cl;
ppm: 2.30 - mg (net) collected: 0.10 -
ug/dacm:  2055.33 - ppm: 0.03 -
ib/hr: 7.5093 - ug/dncm: - 85.28 --
Ib/mmBtu (based on Fd): 0.00164 -—- ib/hr: 0.3116 ---
Ib/mmBtu (based on Fd):  0.00007 v
159.818
Br,
mg (net) collected: 0.20 -
ppm: 0.02 -
ug/dncm: 170.57 -
ib/br:  0.6232
ib/mmBtu (based on Fd): 0.00014 w—
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| TRAVERSE DATA:

Method 17/26A

Company: ADA TestRun: 3 Test Date:  3/14/2006
Plant: AEP Conesville Start Time: 14:25
Location: Unit 6 ESP Inlet End Time: 15:30
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in. H,0 | in. H,0 e Ap °F °F °F in. Hg i ft/sec

1-1 14:25:00 0.24 1.16 71.63 0.490 361 64 62 5.0 3.355 34.95

1-2 14:30:00 0.35 1.70 74.98 0.592 367 66 62 5.0 4.050 42.36
14:35:00 79.03

2-1 14:36:00 0.24 1.16 79.07 0.490 353 68 62 5.0 3.360 34.78

2-2 14:41:00 0.33 1.60 82.43 0.574 358 69 62 5.0 3.940 40.91
14:46:00 86.37

4-1 14:47:00 0.31 1.50 86.43 0.557 323 69 62 5.0 3.780 38.79

4-2 14:52:00 0.30 1.46 90.21 0.548 323 69 62 5.0 3.780 38.16
14:57:00 93.99

4-1 14:58:00 0.32 1.55 94.05 0.566 323 69 62 5.0 3.860 39.41

4-2 15:03:00 0.30 1.46 97.91 0.548 324 70 63 5.0 3.760 38.18
15:08:00 . 101,67

5-1 15:09:00 0.28 1.36 101.75 0.529 314 70 63 5.0 3.630 36.65

5-2 15:14:00 0.36 1.75 105.38 0.600 322 70 63 5.0 4.100 41,77
15:19:00 109.48

6-1 15:20:00 0.28 1.36 109.52 0.529 300 70 63 5.0 3.620 36.32

6-2 15:25:00 0.36 1.75 113.14 0.600 306 70 63 5.0 4.113 41.35
15:30:00 117,25

1.48 45.348] 0.552 331 69 62 45.348
65.54

Field Notes/Comments:
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TEST DATA - Method 17/26A Run No.: 4
Project Number: PE2006043 Test Date: 3/14/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: Unit 6 ESP Inlet Width: 43.50 Feet
Source Condition: Normat Duct Area: 772,125 Sq. Ft.
Test Engineer: cT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: cM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.
Pitot ID: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port; 2
Probe Liner Material: Teflon Minutes per Point: 5.0
Nozzle Diameter: 0.318 in. Total Number of Traverse Points: 12
Train Type: Other Test Length: 60 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 28.90 in. Hg. final Impinger Content: 3639.80 mils.
Static Pressure: -10.00 in. H,0 Initial Impinger Content: 3572.20 mis,
Flue Pressure (Ps): 28,16 in. Hg. abs. Difference: 67.60
Sample Train Pre: 0.002 Silica Final Wt. 0.00 grams
Leak Check Post: 0.010 Silica Initial wt. 0.00 grams
@ 10/6 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 67.60
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.46 Inches H,0 Gas Weight dry, Md: 30.320 Ib/Ib mole
Meter Temperature, Tm: 67.7 °F Gas Weight wet, Ms: 29,488 1b/!b mole
Sqrt AP: 0.548 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 333.3 °F Gas Velocity, Vs: 38.451
Meter Volume, Vin: 45.019 Cubic Feet Volumetric Flow, ACFM: 1,781,342
Meter Volume, Vmstd: 43.936 dscf Volumetric Flow, DSCFM: 1,040,708
Meter Volume, Vwstd: 3.184 wscf Volumetric Flow, SCFM: 1,116,126
Moisture, Bws: 0.068 Isokinetic Variance, %1I: 98.6
Meter Volume, Normal 40.941
EMISSION DATA
Type of Fuel Firing: Coal
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol, Wt. of Analyte if ppm needed: 36.461
Filterable
SampleID: ———
Item: Filter
PM, grams (net) collected: 5.0697
PM, grains/acf: 1.040
PM, grains/dscf: 1.780
mg/dncm:  4373.0360
PM, Ib/hr:  15882.266
PM Ib/mmBtu (based on Fd): 3.489
36.461
HCl HBr
mg (net) collected: 117.00 - mg (net) collected: 2.30 ---
ppm: 61.99 - ppm: 0.55 -
ug/dncm: 100922.19 -- ug/dncm:  1983.94 ---
Ib/hr:  366.5915 - tb/hr: 7.2065 -
Ib/mmBtu (based on Fd): 0.08054 - Ib/mmBtu (based on Fd): 0.00158 .-
20.006
HF
mg (net) collected: 2.01 - Cl,
ppm: 1.94 - mg (net) collected: 0.57 -
ug/dncm:  1733.79 - ppm: 0.16 -
ib/hr: 6.2979 - ug/dncm: 491.67 -
Ib/mmBtu (based on Fd):  0.00138 - ib/hr: 1.7860 -
Ib/mmBtu (based on Fd):  0.00039 -
159.818

Br,
mg (net) collected: 0.20
ppm: 0.02
ug/dncm: 172.52
ib/he: 0.6267

Ib/mmBtu (based on Fd):  0.00014
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TRAVERSE DATA:

Method 17/26A

Company: ADA Test Run: 4 Test Date:  3/14/2006
Plant: AEP Conesville Start Time: 16:20
Location: Unit 6 ESP Inlet End Time: 17:25
Velocity Orifice Actual Stack Meter Temp Pump Coltlected| Point
Port- Clock Head Ap AH Meter Vol. | Sqrt. Temp Inlet Outlet Vacuum Vol. Vel

Point No. Time in. H,0 in. H,0 Ap °F °F °F in. Hg Tt ft/sec

1-1 16:20:00 0.25 1.21 18.37 0.500 358 66 64 5.0 3.425 35.60

1-2 16:25:00 0.36 1.75 21.79 0.600 364 66 64 5.0 4.110 42,88
16:30:00 25.90

2-1 16:31:00 0.24 1.16 25.98 0.490 354 68 64 5.0 3.360 34.80

2-2 16:36:00 0.31 1.50 29.34 0.557 360 69 64 5.0 3.810 39.70
16:41:00 33.15

4-1 16:42:00 0.28 1.36 33.22 0.529 332 70 65 5.0 3.620 37.08

4-2 16:47:00 0.30 1.46 36.84 0.548 333 71 65 5.0 3.750 38.40
16:52:00 ] 40.59

4-1 16:53:00 0.30 1.46 40.66 0.548 326 71 65 5.0 3.740 38.23

4-2 16:58:00 0.30 1.46 44.40 0.548 328 72 65 5.0 3.760 38.28
17:03:00 48.16

5-1 17:04:00 0.28 1.36 48.23 0.529 317 73 65 5.0 3.620 36.72

5-2 17:09:00 0.38 1.84 51.85 0.616 321 73 66 5.0 4.220 42.89
17:14:00 56,07

6-1 17:15:00 0.26 1.26 56.14 0.510 299 73 66 5.0 3.490 34.98

6-2 17:20:00 0.36 1.75 59.63 0.600 307 73 66 5.0 4.114 41.37
17:25:00 63.74

1.46 45.019] 0.548 333 70 65 45.019
67.67

Field Notes/Comments:
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TEST DATA - Method 29 Run No.: 1
Project Number: PE2006043 Test Date: 3/15/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772.125 Sq. Ft.
Test Engineer: cT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4,00 in.
Pitot ID: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 7.5
Nozzle Diameter: 0.318 in. Total Number of Traverse Points: 12
Train Type: Other Test Length: 90 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29,15 in. Hg. Initial Impinger Content: 4189.80 mls.
Static Pressure: -12.00 in, H,0 Final Impinger Content: 4303.80 mls.
Flue Pressure (Ps): 28.27 in. Hg. abs. Difference: 114.00
Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.000 Silica Final Wt. 0.00 grams
@ 10/10 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Totaﬂl Water Gain: 114.00
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.44 Inches H,0 Gas Weight dry, Md: 30.320 Ib/tb mole
Meter Temperature, Tm: 74.6 °F Gas Weight wet, Ms: 29.382 Ib/Ib mole
Sqrt AP: 0.544 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 332.6 °F Gas Velocity, Vs: 38.140
Meter Volume, Vm: 67.045 Cubic Feet Volumetric Flow, ACFM: 1,766,934
Meter Volume, Vmstd: 65.133 dscf Volumetric Flow, DSCFM: 1,027,384
Meter Volume, Vwstd: 5.369 wscf Volumetric Flow, SCFM: 1,112,080
Moisture, Bws: 0.076 Isokinetic Variance, %1: 98.7
Meter Volume, Normal 60.692
EMISSION DATA
Type of Fuel Firing: N/A
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590
Filterable Condensible 74.92
Sample ID: Arsenic
Item: Filter - mg (net) collected:  0.07500 -
PM, grams (net) collected: - - ppb: 13.05 -
PM, grains/acf: - - ug/dncm: 43.64 ---
PM, grains/dscf: - - Ib/hr: 0.1565 -
PM, Ib/hr: --- Ib/mmBtu (based on Fd): 0.00003 -
PM Ib/mmBtu (based on Fd):  #VALUE! ---
78.96
Mercury, Arsenic, and Selenium Selenium
mg (net) collected:  0.03836 -— mg (net) collected:  0.24800 -
ppb: 2.49 - ppb: 40.93 -
ug/dncm: 22.32 - ug/dncm: 144.30 -
ib/hr:  0.0800 --- Ib/hr:  0.5175 -
Ib/mmBtu (based on Fd):  0.00002 .- Ib/mmBtu (based on Fd): 0.00012 -
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|TRAVERSE DATA:  Method 29
Company: ADA TestRun: 1 Test Date:  3/15/2006
Plant: AEP Conesville Start Time: 8:00
Location: ESP Inlet End Time: 9:35
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 i Ap °F °F °F in. Hg i ft/sec
1-1 8:00:00 0.33 1.60 64.54 0.574 362 64 61 5.0 5.904 41.04
1-2 8:07:30 0.26 1.26 70.44 0.510 360 71 62 5.0 5.240 36.38
8:15:00 75.68
2-1 8:16:00 0.25 1.21 75.75 0.500 354 75 65 5.0 5.140 35.55
2-2 8:23:30 0.28 1.36 80.89 0.529 360 76 66 5.0 5.440 37.76
8:31:00 86.33
3-1 8:32:00 0.31 1.50 86.38 0.557 330 78 68 5.0 5.700 38.99
3-2 8:39:30 0.29 1.41 92.08 0.539 332 80 70 5.0 5.550 37.76
8:47:00 97.63
4-1 8:48:00 0.32 1.55 97.70 0.566 333 83 70 5.0 5.810 39.69
4-2 8:55:30 0.29 141 103.51 0.539 330 84 71 5.0 5.530 37.72
9:03:00 109.04
5-1 9:04:00 0.27 1.31 109.09 0.520 315 85 73 5.0 5.340 36.04
5-2 9:11:30 0.36 1.75 114.43 0.600 310 86 75 5.0 6.170 41.49
9:19:00 120.60
6-1 9:20:00 0.25 1.21 120.67 0.500 299 87 76 5.0 5.140 34.32
6-2 9:27:30 0.35 1.70 125.81 0.592 306 88 77 5.0 6.081 40.80
9:35:00 131.89
1.44 67.045| 0.544 333 80 70 67.045
74.63

Field Notes/Comments:
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TEST DATA - Method 29 Run No.: 2
Project Number: PE2006043 Test Date: 3/15/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772.125 Sq. Ft.
Test Engineer: cT
Temp ID: CcM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.
Pitot ID: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 7.5
Nozzle Diameter: 0.318 in. Total Number of Traverse Points: 12
Train Type: Other Test Length: 90 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.15 in. Hg. Initial Impinger Content: 4198.00 mis.
Static Pressure: -12.00 in. H,0 Final Impinger Content: 4280.40 mls.
Flue Pressure (Ps): 28.27 in. Hg. abs. Difference: 82.40
Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.000 Silica Final Wt. 0.00 grams
: @ 10/10 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 82.40
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.49 Inches H,0 Gas Weight dry, Md: 30.320 -Ib/1b mole
Meter Temperature, Tm: 80.0 °F Gas Weight wet, Ms: 29.640 Ib/ib mole
Sqrt AP: 0.544 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 333.1 F Gas Velocity, Vs: 38.024
Meter Volume, Vm: 69.069 Cubic Feet Volumetric Flow, ACFM: 1,761,539
Meter Volume, Vmstd: 66.439 dscf Volumetric Flow, DSCFM: 1,046,834
Meter Volume, Vwstd: 3.881 wscf Volumetric Flow, SCFM: 1,107,985
Moisture, Bws: 0.055 Isokinetic Variance, %]I: 98.8
Meter Volume, Normal 61.910
EMISSION DATA
Type of Fuel Firing: N/A
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590
Filterable = Condensible 74.92
Sample ID: Arsenic
Item: Filter - mg (net) collected:  0.37600 -
PM, grams (net) collected: - - ppb: 64.11 ---
PM, grains/acf: - - ug/dncm: 21448 -
PM, grains/dscf: — - ib/hr: 0.7837 -
PM, Ib/hr: - - Ib/mmBtu (based on Fd): 0.00017 ——
PM Ib/mmBtu (based on Fd):  #VALUE! -
78.96
Mercury, Arsenic, and Selenium Selenium
mg (net) collected: 0.0315 - mg (net) collected: 0.23200 -
ppb: 2.00 -—- ppb: 37.54 -
ug/dncm: 17.95 - ug/dncm: 132.34 -
Ib/hr: 0.0656 - Ib/hr:  0.4835 -
Ib/mmBtu (based on Fd):  0.00001 - Ib/mmBtu (based on Fd): 0.00011 --
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TRAVERSE DATA: Method 29
Company: ADA TestRun: 2 Test Date:  3/15/2006
Plant: AEP Conesville Start Time: 11:20
Location: ESP Inlet End Time: 12:55
Velocity Orifice Actual Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 e Ap °F °F °F in. Hg > ft/sec
1-1 11:20:00 0.25 1.25 33.95 0.500 362 78 78 5.0 5.287 35.72
1-2 11:27:30 0.36 1.80 39.24 0.600 360 78 78 5.0 6.350 42.81
11:35:00 45.59
2-1 11:36:00 0.24 1.20 45.66 0.490 355 79 78 5.0 5.180 34.85
2-2 11:43:30 0.31 1.55 50.84 0.557 362 79 79 5.0 5.890 39.78
11:51:00 56.73
3-1 11:52:00 0.30 1.50 56.80 0.548 331 80 79 5.0 5.790 38.38
3-2 11:59:30 0.27 1.35 62.59 0.520 330 80 79 5.0 5.490 36.39
12:07:00 68.08
4-1 12:08:00 0.31 1.55 68.15 0.557 325 81 80 5.0 5.890 38.87
4-2 12:15:30 0.28 1.40 74.04 0.529 330 81 80 5.0 5.600 37.06
12:23:00 79.64
5-1 12:24:00 0.27 1.35 79.71 0.520 318 82 80 5.0 5.490 36.11
5-2 12:31:30 0.36 1.80 85.20 0.600 314 82 81 5.0 6.350 41.59
12:39:00 91.55
6-1 12:40:00 0.27 1.35 91.61 0.520 303 83 81 5.0 5.490 35.76
6-2 12:47:30 0.35 1.75 97.10 0.592 307 83 81 5.0 6.262 40.83
12:55:00 103.36
1.49 69.069] 0.544 333 81 80 69.069
80.00

Field Notes/Comments:
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TEST DATA - Method 29 Run No.: 3
Project Number: PE2006043 Test Date: 3/15/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 17.75 Feet
Test Location: ESP Inlet Width: 43.50 Feet
Source Condition: Normal Duct Area: 772.125 Sq. Ft.
Test Engineer: cT
Temp ID: CM-7 Sample Plane: Horizontal
Meter ID: CM-7 Port Length: 18.00 in.
Meter Calibration Factor: 1.006 Port Size (diameter): 4.00 in.
Pitot ID: Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 6
Probe Length: 10.0 ft. Number of Points per Port: 2
Probe Liner Material: Teflon Minutes per Point: 7.5
Nozzle Diameter: 0.318 in. Total Number of Traverse Points: 12
Train Type: Other Test Length: 90 min,
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.15 in. Hg. Initial Impinger Content: 4492.00 mils.
Static Pressure: -12.00 in. H,0 Final Impinger Content: 4597.80 mls.
Flue Pressure (Ps): 28.27 in. Hg. abs. Difference: 105.80
Sample Train Pre: 0.000 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.000 Silica Final Wt. 0.00 grams
@ 10/10 in. Hg. Difference: 0.00
Carbon Dioxide: 13.0 % Total Water Gain: 105.80
Oxygen: 6.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.49 Inches H,0 Gas Weight dry, Md: 30.320 Ib/1b mole
Meter Temperature, Tm: 85.0 °F Gas Weight wet, Ms: 29.453 Ib/1b mole
Sqrt AP: 0.544 Inches H,0 Excess Air: 39.002 %
Stack Temperature, Ts: 332.3 °F Gas Velocity, Vs: 38.129
Meter Volume, Vm: 69.095 Cubic Feet Volumetric Flow, ACFM: 1,766,422
Meter Volume, Vmstd: 65.854 dscf Volumetric Flow, DSCFM: 1,033,984
Meter Volume, Vwstd: 4,983 wscf Volumetric Flow, SCFM: 1,112,225
Moisture, Bws: 0.070 Isokinetic Variance, %]1: 99.1
Meter Volume, Normal 61.365
EMISSION DATA
Type of Fuel Firing: N/A
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590
Filterable Condensible 74.92
Sample ID: Arsenic
Item: Filter - mg (net) collected: 0.31170 ---
PM, grams (net) collected: - - ppb: 53.62 -
PM, grains/acf: - - ug/dncm: 179.38 -
PM, grains/dscf: - - Ib/hr: 0.6474 -
PM, Ib/hr: - - Ib/mmBtu (based on Fd): 0.00014 -
PM Ib/mmBtu (based on Fd): #VALUE! ——
78.96
Mercury, Arsenic, and Selenium Selenium
mg (net) collected:  0.03399 - mg (net) collected:  1.21500 -
ppb: 2.18 - ppb: 198.32 -
ug/dncm: 19.56 - ug/dncm: 699,22 -
Ib/hr: 0.0706 --- Ib/hr:  2.5234 -
Ib/mmBtu (based on Fd):  0.00002 - Ib/mmBtu (based on Fd): 0.00056 -
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TRAVERSE DATA: Method 29
Company: ADA Test Run: 3 Test Date:  3/15/2006
Plant: AEP Conesville Start Time: 16:15
Location: ESP Inlet End Time: 17:50
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. | Sqrt. Temp Inlet Qutlet Vacuum Vol. Vel
Point No. Time in.H,0 | in.H,0 ft> Ap °F °F °F in. Hg i’ ft/sec
1-1 16:15:00 0.25 1.25 70.46 0.500 352 83 83 5.0 5.292 35.50
1-2 16:22:30 0.34 1.70 75.75 0.583 366 83 83 5.0 6.170 41.76
16:30:00 81,92
2-1 16:31:00 0.25 1.25 81.99 0.500 358 84 83 5.0 5.290 35.63
2-2 16:38:30 0.29 1.45 87.28 0.539 362 84 84 5.0 5.690 38.47
16:46:00 92,97
3-1 16:47:00 0.31 1.55 93.04 0.557 330 85 84 5.0 5.890 38.99
3-2 16:54:30 0.30 1.50 98.93 0.548 330 85 84 5.0 5.790 38.36
17:02:00 104.72
4-1 17:03:00 0.31 1.55 104.77 0.557 331 86 85 5.0 5.890 39.02
4-2 17:10:30 0.28 1.40 110.66 0.529 330 86 85 5.0 5.600 37.06
17:18:00 116.26
5-1 17:19:00 0.27 1,35 116.31 0.520 312 87 85 5.0 5.490 35.98
5-2 17:26:30 0.36 1.80 121.80 0.600 310 87 86 5.0 6.350 41.49
17:34:00 128.15
6-1 17:35:00 0.25 1,25 128.22 0.500 299 88 86 5.0 5.290 34.32
6-2 17:42:30 0.36 1.80 133.51 0.600 307 88 86 5.0 6.353 41.41
17:50:00 139.86
1.49 69.095| 0.544 332 86 85 69.095
85.00

Field Notes/Comments:
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TEST DATA - Method 29 Run No.: 1

Project Number: PE2006043 Test Date: 3/15/2006

TEST PARAMETERS

Company: ADA Duct Shape: Rectangular

Plant: AEP Conesville Length: 15.00 Feet

Test Location: ESP Outlet Width: 40.00 Feet

Source Condition: Normal Duct Area: 600.000 Sq. Ft.

Test Engineer: JLH ;

Temp ID: CM-9 ‘ Sample Plane: Vertical

Meter ID: CM-9 Port Length: in.

Meter Calibration Factor: 0.960 Port Size (diameter): 4.00 in.

Pitot ID: 005A Port Type: Flange

Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 1

Probe Length: 10.0 ft. Number of Points per Port: 1

Probe Liner Material: Glass Minutes per Point: 5.0

Nozzle Diameter: 0.327 in. Total Number of Traverse Points: 1

Train Type: Hot Box Test Length: 90 min.

STACK CONDITIONS MOISTURE DETERMINATION

Barometric Pressure (Pb): 29.15 in. Hg. Initial Impinger Content: 4457.80 mis.

Static Pressure: -10.00 in. H,0 Final Impinger Content: 4569.40 mls.

Flue Pressure (Ps): 28.41 in. Hg. abs. Difference: 111.60

Sample Train Pre: 0.005 Silica Initial Wt. 0.00 grams

Leak Check Post: 0.010 Silica Final Wt. 0.00 grams
@ 10/7 in. Hg. Difference: 0.00

Carbon Dioxide: 12.0 % Total Water Gain: 111.60

Oxygen: 7.0 %o

Nitrogen: 81.0 %o

STACK PARAMETERS

Delta H: 1.31 Inches H,0 Gas Weight dry, Md: 30.200 Ib/Ib mole

Meter Temperature, Tm: 52.5 °F Gas Weight wet, Ms: 29.249 Ib/tb mole

Sqrt AP: 0.501 Inches H,0 Excess Air: 48.665 %

Stack Temperature, Ts: 328.7 °F Gas Velocity, Vs: 35.016

Meter Volume, Vm: 64.290 Cubic Feet Volumetric Flow, ACFM: 1,260,587

Meter Volume, Vmstd: 62.149 dscf Volumetric Flow, DSCFM: 738,929

Meter Volume, Vwstd: 5.256 wscf Volumetric Flow, SCFM: 801,425

Moisture, Bws: 0.078 Isokinetic Variance, %]I: 96.2

Meter Volume, Normal 57.912

EMISSION DATA

Type of Fuel Firing: N/A
Fuel Factor F4 (dscf/mmBtu): 9780

List Mol. Wt. of Analyte if ppm needed: 200.590
Filterable Condensible

Sample ID: Arsenic
Item: Filter ——— mg (net) collected:  0.07100 -
PM, grams (net) collected: e —— ppb: 4.83 -
PM, grains/acf: --- - ug/dncm: 43.30 -
PM, grains/dscf: - - ib/hr: 0.1117 -
PM, Ib/hr: - - Ib/mmBtu (based on Fd): 0.00004 ---

PM Ib/mmBtu (based on Fd):  #VALUE! -

Mercury, Arsenic, and Selenium Selenium
mg (net) collected:  0.04332 - mg (net) collected:  0.27900 -
ppb: 2.95 - ppb: 19.00 -
ug/dncm: 26.42 - ug/dncm: 170.13 -
Ib/hr: 0.0681 -— Ib/hr:  0.4388 ---
Ib/mmBtu (based on Fd):  0.00002 - Ib/mmBtu (based on Fd): 0.00015 -
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|TRAVERSE DATA:  Method 29

Company: ADA TestRun: 1 Test Date:  3/15/2006
Plant: AEP Conesville Start Time: 8:00
Location: ESP Outlet End Time: 9:30
Velocity Orifice Actual Stack Meter Temp Pump Collected| Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 LS Ap °F °F °F in. Hg i ft/sec
1-1 8:00:00 0.24 1.20 69.70 0.490 317 48 46 5.0 3.468 34.02
1-1 8:05:00 0.25 1.30 73.17 0.500 329 51 47 5.0 3.030 34.98
1-1 8:10:00 0.25 1.30 76.20 0.500 329 53 47 5.0 4.070 34.98
1-1 8:15:00 0.25 1.30 80.27 0.500 329 54 47 5.0 3.570 34.98
1-1 8:20:00 0.25 1.30 83.84 0.500 331 55 48 6.0 3.560 35.03
1-1 8:25:00 0.25 1.30 87.40 0.500 330 56 49 6.0 3.570 35.01
1-1 8:30:00 0.26 1.40 90.97 0,510 330 57 49 6.0 3.640 35.70
1-1 8:35:00 0.26 1.40 94.61 0.510 330 57 49 6.0 3.630 35.70
11 8:40:00 0.25 1.30 98.24 0.500 330 57 50 6.0 3.560 35.01
1-1 8:45:00 0.25 1.30 101.80 0.500 330 57 50 6.0 3.590 35.01
1-1 8:50:00 0.25 1.30 105.39 0.500 320 57 50 6.0 3.610 34.78
1-1 8:55:00 0.25 1.30 109.00 0.500 330 57 50 5.0 3.590 35.01
1-1 9:00:00 0.25 1.30 112.59 0.500 330 57 50 5.0 3.560 35.01
1-1 9:05:00 0.25 1.30 116.15 0.500 331 57 51 5.0 3.670 35.03
1-1 9:10:00 0.25 1.30 119.82 0.500 330 57 51 5.0 3.520 35.01
1-1 9:15:00 0.25 1.30 123.34 0.500 330 58 51 5.0 3.560 35,01
1-1 9:20:00 0.25 1.30 126.90 0.500 331 58 51 5.0 3.520 35.03
1-1 9:25:00 0.25 1.30 130.42 0.500 330 58 51 5.0 3.572 35.01
9:30:00 133.99
1.31 64.290| 0.501 329 56 49 64.290
52.53

Field Notes/Comments:
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TEST DATA - Method 29 Run No.: 2

Project Number: PE2006043 Test Date: 3/15/2006

TEST PARAMETERS

Company: ADA Duct Shape: Rectangular

Plant: AEP Conesville Length: 15.00 Feet

Test Location: ESP Outlet Width: 40.00 Feet

Source Condition: Normal Duct Area: 600.000 Sq. Ft.

Test Engineer: JtH

Temp ID: CM-9 Sample Plane: Vertical

Meter ID: CM-9 Port Length: in.

Meter Calibration Factor: 0.996 : Port Size (diameter): 4.00 in.

Pitot ID: 005A Port Type: Flange

Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 1

Probe Length: 10.0 ft. Number of Points per Port: 1

Probe Liner Material: Glass Minutes per Point: 5.0

Nozzle Diameter: 0.327 in, Total Number of Traverse Points: 1

Train Type: Hot Box Test Length: 90 min.

STACK CONDITIONS MOISTURE DETERMINATION

Barometric Pressure (Pb): 29.15 in. Hg. Initial Impinger Content: 4483.20 mis.

Static Pressure: -10.00 in. H,0 Final Impinger Content: 4565.20 mis,

Flue Pressure (Ps): 28.41 in. Hg. abs. Difference: 82.00

Sample Train Pre: 0.003 Silica Initial Wt. 0.00 grams

Leak Check Post: 0.008 Silica Final Wt. 0.00 grams
@ 10/6 in. Hg. Difference: 0.00

Carbon Dioxide: 12.0 % Total Water Gain: 82.00

Oxygen: 7.0 %

Nitrogen: 81.0 %

STACK PARAMETERS

Delta H: 1.26 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole

Meter Temperature, Tm: 59.9 °F Gas Weight wet, Ms: 29.503 Ib/ib mole

Sqrt AP: 0.485 Inches H,0 Excess Air: 48.665 %

Stack Temperature, Ts: 328.8 °F Gas Velocity, Vs: 33.807

Meter Volume, Vm: 64.500 Cubic Feet Volumetric Flow, ACFM: 1,217,043

Meter Volume, Vmstd: 63.763 dscf Volumetric Flow, DSCFM: 729,449

Meter Volume, Vwstd: 3.862 wscf Volumetric Flow, SCFM: 773,632

Moisture, Bws: 0.057 Isokinetic Variance, %]I: ’ 100.0

Meter Volume, Normal 59.416

EMISSION DATA
Type of Fuel Firing: N/A
Fuel Factor Fy (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590

Filterable Condensible

Sample ID: Arsenic
Item: Filter ——- mg (net) collected:  0.05450 -
PM, grams (net) collected: - - ppb: 3.62 -
PM, grains/acf: -—- - ug/dncm: 32.39 -
PM, grains/dscf: - - Ib/hr: 0.0825 -
PM, Ib/hr: - Ib/mmBtu (based on Fd): 0.00003 -
PM Ib/mmBtu (based on Fd):  #VALUE! -
Mercury, Arsenic, and Selenium Selenium
mg (net) collected:  0.02976 - mg (net) collected:  0.15300 -
ppb: 1.97 - ppb: 10.15 -
ug/dncm: 17.69 - ug/dncm: 90.94 -
Ib/hr: 0.0450 - ib/hr:  0.2315 ==
Ib/mmBtu (based on Fd): 0.00002 - Ib/mmBtu (based on Fd): 0.00008 ---
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TRAVERSE DATA: Method 29
Company: ADA Test Run: 2 Test Date:  3/15/2006
Plant: AEP Conesville Start Time: 11:20
Location: ESP Outlet End Time: 12:50
Velocity Orifice Actual Stack Meter Temp Pump Collected | Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in. H,0 in. H,0 ft’ Ap °F °F °F in. Hg i ft/sec
1-1 11:20:00 0.23 1.20 34.25 0.480 329 56 52 5.0 3.451 33.56
1-1 11:25:00 0.24 1.30 37.70 0.490 329 56 52 5.0 3.524 34.28
1-1 11:30:00 0.24 1.30 41.23 0.490 330 59 53 5.0 3.515 34.30
1-1 11:35:00 0.24 1.30 44.74 0.490 329 60 53 5.0 3.480 34.28
1-1 11:40:00 0.24 1.30 48.22 0.490 330 61 54 5.0 3.510 34.30
1-1 11:45:00 0.24 1.30 51.73 0.490 330 61 54 5.0 3.470 34.30
1-1 11:50:00 0.24 1.30 55,20 0.490 328 62 55 5.0 3.500 34.26
1-1 11:55:00 0.24 1.30 58.70 0.490 330 62 55 5.0 3.580 34.30
1-1 12:00:00 0.24 1.30 62.28 0.490 329 62 55 5.0 3.600 34.28
i-1 12:05:00 0.24 1.30 65.88 0.490 329 63 56 5.0 3.520 34.28°
1-1 12:10:00 0.24 1.30 69.40 0.490 329 64 56 5.0 3.500 34.28
i-1 12:15:00 0.23 1.20 72.90 0.480 328 64 57 5.0 3.400 33.53
1-1 12:20:00 0.23 1.20 76.30 0.480 328 66 58 5.0 3.480 33.53
1-1 12:25:00 0.23 1.20 79.78 0.480 329 67 59 5.0 3.520 33.56
1-1 12:30:00 0.23 1.20 83.30 0.480 328 68 61 5.0 3.500 33.53
i-1 12:35:00 0.23 1.20 86.80 0.480 328 68 62 5.0 3.490 33.53
1-1 12:40:00 0.23 1.20 90.29 0.480 327 69 63 5.0 3.410 33.51
1-1 12:45:00 0.23 1.20 93.70 0.480 329 70 64 5.0 5.050 33.56
12:50:00 98.75
1.26 64.500] 0.485 329 63 57 64.500
59.92

Field Notes/Comments:
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TEST DATA - Method 29 Run No.: 3
Project Number: PE2006043 Test Date: 3/15/2006
TEST PARAMETERS
Company: ADA Duct Shape: Rectangular
Plant: AEP Conesville Length: 15.00 Feet
Test Location: ESP Outlet Width: 40.00 Feet
Source Condition: Normal Duct Area: 600.000 Sq. Ft.
Test Engineer: JLH
Temp ID: CM-9 Sample Plane: Vertical
Meter ID: CM-9 Port Length: in.
Meter Calibration Factor: 0.996 Port Size (diameter): 4.00 in.
Pitot ID: 005A Port Type: Flange
Pitot Tube Coefficient: 0.840 Number of Ports Sampled: 1
Probe Length: 10.0 ft. Number of Points per Port: 1
Probe Liner Material: Glass Minutes per Point: 90.0
Nozzle Diameter: 0.327 in. Total Number of Traverse Points: 1
Train Type: Hot Box Test Length: 90 min.
STACK CONDITIONS MOISTURE DETERMINATION
Barometric Pressure (Pb): 29.15 in. Hg. Initial Impinger Content: 4175.20 mls.
Static Pressure: -10.00 in. H,0 Final Impinger Content: 4264.80 mls.
Flue Pressure (Ps): 28.41 in. Hg. abs. Difference: 89.60
Sample Train Pre: 0.005 Silica Initial Wt. 0.00 grams
Leak Check Post: 0.006 Silica Final Wt. 0.00 grams
@ 10/5 in. Hg. Difference: 0.00
Carbon Dioxide: 12.0 % Total Water Gain: 89.60
Oxygen: 7.0 %
Nitrogen: 81.0 %
STACK PARAMETERS
Delta H: 1.40 Inches H,0 Gas Weight dry, Md: 30.200 Ib/1b mole
Meter Temperature, Tm: 69.4 °F Gas Weight wet, Ms: 29.454 Ib/1b mole
Sqrt AP: 0.501 Inches H,0 Excess Air: 48.665 %
Stack Temperature, Ts: 330.8 °F Gas Velocity, Vs: 34.945
Meter Volume, Vm: 66.746 Cubic Feet Volumetric Flow, ACFM: 1,258,022
Meter Volume, Vmstd: 64.819 dscf Volumetric Flow, DSCFM; 748,953
Meter Volume, Vwstd: 4,220 wscf Volumetric Flow, SCFM: 797,715
Moisture, Bws: 0.061 Isokinetic Variance, %boI: 99.0
Meter Volume, Normal 60.401
EMISSION DATA
Type of Fuel Firing: N/A
Fuel Factor F; (dscf/mmBtu): 9780
List Mol. Wt. of Analyte if ppm needed: 200.590
Filterable Condensible
Sample ID: Arsenic
Item: Filter -—- mg (net) collected:  0.03680 -
PM, grams (net) collected: - -- ppb: 2.40 -
PM, grains/acf: - ug/dncm: 21.52 -
PM, grains/dscf: - - Ib/hr: 0.0562 -
PM, Ib/hr: - --- Ib/mmBtu (based on Fd); 0.00002 --=
PM Ib/mmBtu (based on Fd):  #VALUE! -
Mercury, Arsenic, and Selenium Selenium
mg (net) collected:  0.03214 -—- mg (net) collected:  0.18100 -
ppb: 2.10 -—- ppb: 11.82 -
ug/dncm: 18.79 - ug/dncm: 105.83 ---
Ib/hr:  0.0491 - Ib/hr:  0.2766 ---
Ib/mmBtu (based on Fd):  0.00002 -—- Ib/mmBtu (based on Fd): 0.00009 -
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TRAVERSE DATA:

Method 29

Company: ADA Test Run: 3 Test Date:  3/15/2006
Plant: AEP Conesville Start Time: 16:15
Location: ESP Outlet End Time: 17:45
Velocity Orifice Actual Stack Meter Temp Pump Collected{ Point
Port- Clock Head Ap AH Meter Vol. Sqrt. Temp Inlet Outlet Vacuum Vol. Vel
Point No. Time in.H,0 | in.H,0 Ap °F °F °F in. Hg i ft/sec
1-1 16:15:00 0.24 1.30 59.75 0.490 318 70 71 7.0 3.628 34.04
1-1 16:20:00 0.24 1.30 63.38 0.490 331 70 72 4.0 3.710 34.32
1-1 16:25:00 0.23 1.30 67.09 0.480 331 73 70 4.0 ~ 3.510 33.60
1-1 16:30:00 0.23 1.30 70.60 0.480 331 73 69 4.0 3.550 33.60
1-1 16:35:00 0.23 1.30 74.15 0.480 332 73 69 4.0 3.500 33.62
1-1 16:40:00 0.23 1,30 77.65 0.480 332 73 68 4.0 3.550 33.62
1-1 16:45:00 0.23 1.30 81.20 0.480 332 73 68 4.0 3,550 33.62
1-1 16:50:00 0.23 1.30 84.75 0.480 332 72 67 4.0 3.550 33.62
1-1 16:55:00 0.23 1.30 88.30 0.480 332 72 67 4.0 3.560 33.62
1-1 17:00:00 0.23 1.30 91.86 0.480 332 71 67 4.0 3.520 33.62
11 17:05:00 0.27 1.50 95.38 0.520 332 71 66 4.0 3.820 36.43
1-1 17:10:00 0.27 1,50 99.20 0.520 331 71 66 4.0 3.880 36.40
i-1 17:15:00 0.27 1.50 103.08 0.520 332 72 66 4.0 3.900 36.43
1-1 17:20:00 0.27 1.50 106.98 0.520 331 71 65 4.0 3.870 36.40
1-1 17:25:00 0.27 1.50 110.85 0.520 331 71 65 4.0 3.850 36.40
1-1 17:30:00 0.27 1.50 114,70 0.520 331 71 65 4.0 3.860 36.40
1-1 17:35:00 0.29 1.60 118.56 0.539 332 71 65 4.0 3.940 37.75
11 17:40:00 0.29 1.60 122.50 0.539 331 71 65 4.0 3.998 37.73
17:45:00 126.50
1.40 66.746] 0.501 331 72 67 66.746
69.44

Field Notes/Comments:
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METHOD 8A TEST RESULTS

Date: 3/16/2005 Condition: Normal
Project: AEP Conesville (ADA) Data Taken By: CcT
Location: ESP Inlet Fuel Factor: 9780
Source: Unit 6
Test Number: 1 Time: 15:00-16:00
Pressure, Barometric(Hg"):....cocerveveviesnnne 29.000 Carbon Dioxide Content{%): 13.00
Pressure, Static(H;0")eovevvevervrerercnnnes -12.00 Oxygen Content(%): 6.00
Pressure, Stack(Hg")...occouverveererresnrinne 28.117 Nitrogen Content(%): 81.00
Initial Volume {CU.ft.)....ccerrrmeenrrecnnieercrene 77.536 $0;(mg) 7.3000
Final Volume (cu.ft.) 98.597
Meter Temperature (°F)u.....ccereernseceensnns 82.50 Water Vapor in Flue Gas (BWS):......cceeveecerieerarserseens 0.064
Meter Volume (dscf) 19.99 SO; (ppm) 3.16
Meter Calibration (Y).....ccceevreervvevrircennnne 1.006
Initial Wt. (grms or mls) 200.0 SO; (Ibs/hr) 49.976
Final Wt. (grms or mis).....cccvverevvermrirennane 232.0
0.030
1,034,503
2 Time: 16:25-17:25
29.000 Carbon Dioxide Content(%): 13.00
-12.00 Oxygen Content(%):.... 6.00
28.117 Nitrogen Content(%): 81.00
Initial Volume (cu.ft.) 98.689 S0, (mg) 1.7000
Final Volume (cu.ft.) 120.151
Meter Temperature (°F)....cccreceerneernnnens 83.83 Water Vapor in Flue Gas (BWS):.....cccevevrevrnvernesenn 0.064
Meter Volume (dscf) 20.32 SO, (ppm) 0.72
Meter Calibration (Y).....ccccrvvvenreveerenserann. 1.006
Initial Wt. (grms or mis).......coveevevrerveernnane 200.0 S0; (Ibs/hr) 11.449
Final Wt. (grms or mis)... 234.0
Average Delta H (AH)....occovvecereenrnevennenn. 0.030
Dry Standard Flow Rate (dscfm).......... 1,034,503
Test Number: 3 Time: 17:45-18:45
Pressure, Barometric(Hg"):..c.ccvveererrerennns 29.000 Carbon Dioxide Content(%): 13.00
Pressure, Static(H,0"):uccevvivcirrecsveniennnee -12.00 Oxygen Content(%): 6.00
Pressure, Stack(Hg"):.. 28.117 Nitrogen Content(%): 81.00
Initial Volume (CU.ft.}.ccververveereereccennennnne 120.162 S0, (ug) 9.3000
Final Volume (cu.ft.) 141.723
Meter Temperature (°F)...ccccovveeriireeennnns 84.58 Water Vapor in Flue Gas (BWS):.....cvrvvererrrrreerenaneas 0.064
Meter Volume (dscf)....cueeevirrvererevirnnecnne 20.38 S0O; (ppm). 3.95
Meter Calibration (Y)...ccccoeveecvrurrrenrccranenes 1.006
Initial Wt. (grms or mis)... 200.0 S0; (Ibs/hr) 62.430
Final Wt. (grms or mis).....c.ceccecevevcvrverennnne . 230.0
Average Delta H (AH).....cccccovevvrvcriennnnns 0.030
1,034,503
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METHOD 8A TEST RESULTS

Date: 3/16/2006 Condition: Normal

Project: AEP Conesville (ADA) Data Taken By: JLH

Location: ESP Outlet Fuel Factor: 9780

Source: Unit 6

Test Number: 1 Time: 16:00-16:00
29.000 Carbon Dioxide Content(%): 12.10
-11.00 Oxygen Content(%): 6.90
28.191 Nitrogen Content(%): 81.00
57.951 S0; (ug) 34.8000

Final Volume (cu.ft.) 79.18

Meter Temperature (°F)....cccovnisnenrrsennnes 64.21 Water Vapor in Flue Gas (BWS):.....cccvrermnerereesnsens 0.064

Meter Volume (dscf) 20.85 S0, (ppm) 14.46

Meter Calibration (Y)....... 1.006

Initial Wt. (grms or mis)......ccoveueveremrecencns 200.0 SO; (Ibs/hr) 228.388

Final Wt. (grms or mis)......ceerccervisnereennes 230.0

Average Delta H (AH)....cccccuveevreeeireennns 0.030

Dry Standard Flow Rate (dscfm)*.......... 1,034,503

Test Number: 2 Time: 16:25-17:25

Pressure, Barometric(Hg"): 29.000 Carbon Dioxide Content(%): 12.10

Pressure, Static(H;0"):uucuevvcrvereerrreenenne. -11.00 Oxygen Content(%): 6.90

Pressure, Stack{Hg"):..ccoevvvvvvevrrservennnans 28.191 Nitrogen Content(%): 81.00

Initial Volume (CU.fL.)....coveveecereeeenccrereranes 79.293 S0; (ug). 26.5000

Final Volume (cu.ft.) 100.29

Meter Temperature (°Fl..ccceeecerenensnnes 64.08 Water Vapor in Flue Gas (BWS):...c..ocverrrecnsenseranae 0.064

Meter Volume (dscf)..... 20.63 80, (ppm) 11.13

Meter Calibration (Y) 1.006

Initial Wt. (grms or mis).....vcveeereeenccrnneen 200.0 S0, (ibs/hr) 176.794

Final Wt. (grms or mis).....ceveecreeenenvencnees 230.0

Average Delta H (AH)......ccocevveeemrrneennenn... : 0.030

Dry Standard Flow Rate (dscfm)*.......... 1,034,503

Test Number: 3 Time: 17:45-18:45

Pressure, Barometric(Hg"):.....cooovuvrernne. 29.000 Carbon Dioxide Content(%): 12.10

Pressure, Static(Hy;0") ...ccovvvvirirevinsnnnee -11.00 Oxygen Content(%): 6.90

Pressure, Stack(Hg"):..c.coevvverenrcrnsensisnnne 28.191 Nitrogen Content(%): 81.00

Initial Volume (cu.ft.) 0.324 SO; {ug) 25.3000

Final Volume (cu.ft.) 21.31

Meter Temperature (°F).......ocerenmversernnnee 62.00 Water Vapor in Flue Gas (BWS):....cceceeveerereerrerseranee 0.064

Meter Volume (dscf)....ccecvrveicrernnerecnnees 20.70 SO; (PPM).cevreccrrineane 10.59

Meter Calibration (Y).....cccoecevreeveeesrcencnncnne 1.006

Initial Wt. (grms or miS)......cceeeceeveeccerinrenns 200.0 S0; (Ibs/hr) 167.255

Final Wt. (grms or miS).....ccccvveeerrreceneenees 230.0

Average Delta H (AH)....ccovvveeireerrcrennenne 0.030

Dry Standard Flow Rate (dscfm)*.......... 1,034,503

*Air flows taken from ESP Inlet data
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CALIBRATION PROCEDURES

PITOT TUBES

The pitot tubes used during this test program are fabricated according to the specification described
and illustrated in the Code of Federal Regulations, Title 40, Part 60, Appendix A, Methods 1 through
5 as published in the Federal Register, Volume 42, No. 160; hereafter referred to by the appropriate
method number. The pitot tubes comply with the alignment specifications in Method 2, Section 4;
and the pitot tube assemblies are in compliance with specifications in the same section.

Pitot tube assemblies are calibrated in accordance with Method 2, Section 4, against a standard
hemispherical pitot utilizing a wind tunnel meeting the specification in Method 2, Section 4.1.2.
NOZZLES

The nozzles are measured according to Method 5, Section 5.1.

TEMPERATURE SENSING DEVICES

The potentiometer and thermocouples are calibrated against a mercury thermometer in a calibration
well. Alternatively, readings are checked utilizing a NBS traceable millivolt source.

DRY GAS METERS

The test meters are calibrated according to Method 5, Section 5.3 and “Procedures for Calibrating and
Using Dry Gas Volume Meters as Calibration Standards” by P.R. Westlin and R.T. Shigehara, March
10, 1978.

ANALYTICAL BALANCE

The accuracy of the analytical balance is checked with Class S, Stainless Steel Type 303 weights
manufactured by F. Hopken and Son, Jersey City, New Jersey.
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Nozzle Calibration

Nozzle ID No.:

Analyst:

=

//




Nozzle Calibration

Date:  4/3/2006 Nozzle ID No.: N/A

Analyst: JFR
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Nozzle Calibration

Nozzle ID No.: N/A

alyst:

An

N




Gas Meter Calibration Train

‘£Thermometer

@ —— Air Inlet
[

)
(2]

%

Cry Gas Meter 7 b
Rate Meter

Surge Tank - Air Tight Pur‘:p\,mp;nger Wet Test Meter

3 I“
B I!l

=
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STACK TEMPERATURE SENSOR CALIBRATION DATA FORM
(FOR K-TYPE THERMOCOUPLES)

EPA Control Module Number: CM7 Name: J.Robertson

Ambient Temperature: 718 °F Date: March 6, 2006
Omega Engineering Calibrator Model No. CL23A Serial # T-249465
Date Of Calibration Verification: June 16, 2005

Primary Standards Directly Traceable to National Institute of Standards and Technology (NIST)

Reference® Test
Source Thermometer Temperature
Temperature, (°F) Temperature, (°F) Difference, %
0 -2 0.4
250 249 0.1
600 600 0.0
1200 1206 04

(Ref. Temp., °F +460) - (Test Therm. Temp., °F + 460) , 100 <= 1.5 %
Ref. Temp., °F + 460 )
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STACK TEMPERATURE SENSOR CALIBRATION DATA FORM
(FOR K-TYPE THERMOCOUPLES)

EPA Control Module Number: CM9 Name: Jeff Halla
Ambient Temperature: 66.1 °F Date: 2-28-06
Omega Engineering Calibrator Model No. CL23A Serial # T-249465

Date Of Calibration Verification: June 16, 2005

Primary Standards Directly Traceable to National Institute of Standards and Technology (NIST)

Reference® Test
Source Thermometer Temperature
Temperature, (°F) Temperature, (°F) Difference, %
0 6 1.3
250 255 0.7
600 603 0.3
1200 1203 0.2

(Ref. Temp., °F + 460) - (Test Therm. Temp., °F +460) , 100 <=1.5%
Ref. Temp., °F + 460
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STACK TEMPERATURE SENSOR CALIBRATION DATA FORM
(FOR K-TYPE THERMOCOUPLES)

EPA Control Module Number: CM10 Name: J. Robertson
Ambient Temperature: 68.5 °F Date: March 6, 2006
Omega Engineering Calibrator Model No. CL23A Serial # T-249465

Date Of Calibration Verification: June 16, 2005

Primary Standards Directly Traceable to National Institute of Standards and Technology (NIST)

Reference® Test
Source Thermometer Temperature
Temperature, (°F) Temperature, (°F) Difference, %
0 5 1.1
250 257 1.0
600 608 0.8
1200 1213 0.8

(Ref. Temp., °F + 460) - (Test Therm. Temp., °F + 460) , 100 <= 1.5 %
Ref. Temp., °F + 460

131



...,.
\

e 9

\ ozl

(6) Im ot ] "ON J9}iid
(6) M asey "ON 9jquiiy L ‘SIION ¥ SINTWNOD

‘NOILD3TI0D F1dAVS
-8Ul0  seo [BINIBN- 018 1O 18Nd- 0616  [BOD SNOBIYUY - 00L0)
:Aq 8}Ig woy panowey sjdwes [20D S)uBIT- 0986  [BOD snoulwnyg- 0826 :(39919S) Buli4 adA L Jeny
:Aq paubiop 129 eollisS (1ozAjeue) g poyialy  eJA4ABSIO € poulepy :(duo 108]8s) AqQ senjeA seo
:Aq patenosay siebuidw) o 9 (%) usbAxo
-{peisneyxy [po edlis ¢/ /(%) epixolq uoge
:Q%H Jebuidwy yo uonduoseq » 1804 \, ald oay) yes 10ld
) .\\ﬂ {(Bw) utes seyem fejol BH ui Q\\o + © oo oisod oo ©®ld Mo8y) yee uel] s|dweg
(D) uleo I\ eONIS () uresy 1 JeBuidw o-29¢ :(sqy BH "uy) ainssalid ani4
X(6) 1M lenu) eolig « (uw) m enwuy JeBuiduy Q e\~ (O%H "w) sunssaud onejg
(B) i leurq eoig 1w I euld JeBuidwi 0 w @% (BH "w) ainssald ouawoleg
‘NOLLVYNINY3L3Q JHNLSIOW ‘SNOLLIANOD MOVIS
e9 (uw) yibus 1se ) ‘(10010s) dnjog ureu |
i ISJUI0d 9SJ9ARL] JO IBqUINN [210 | ale” (") sejoWRIg B)ZZON
< ‘ulod tad seinupy e A ‘leusie Jaul @qoid
2 ‘Hod Jad sjujod jo JequinN , Ql ("y) ybue eqoig
3 :pajduwieg spod Jo JequinN me : ‘JUSIDIS0D) agny 10)d
2N 8dA1 yiod — ‘aliond
+ (ur sojewelp) 8218 Hod N oa | :i0joe4 UofRIqIR) JojeN
@1 :("ur) ybue pod L-Ww2D :dl el
jeolen  Io @ :(yo0)08) aue|q s|dweg L~ {\\U gl dwa]

weasumoq]

wessdn

(steyowelp u) soueqn)si

$7)CLL
oS €4
Z /7 () wbue

() Jeppwielg
punoy 1o

(14 'bg) eaay 1onQ
() WP

:(109j9s8) adeyg 1onQg

Eion

Jssuibug isa

o

AWFON [UORIPUOY 80IN0G

T d$3 7 Adn

:uolesoT jse

20 - 3y

Jue|ld

:Auedwon

NV

Fo-pi-g, Bequny ¥o<7Q / \m\.oz uny 188

g

SU3IOAvVOvVd 1631

132




o * S “@Wﬁ&u AL S g AT - SITIO ST € g 204 A

d N
INEESND)
<1 N ) =
ISANEE; (25 GCe | k0 A\\/v
, . N S5} LET 9h|1CLA"
//1. ) \W, W/M\ =
(
N —
Y S goi]
2hH 99| 9 Qs (| ehel Log| VL@ Ao T | LT [ALS T | €0l <-
) I FR ) . e f - MJQ“ )@ @ﬂ
Qh| 02| LD of N <h'E 69| @os se’| @ 1=9) S
| / _ cregl | L<oi @v
QA Ls| 99 O (" ,_ \md@h, Ao e | LS e | weejl e |
ARSI ANESS N\, B toe | RS eC | LR =5 —
S'hl 5= 29 oS / ARG NS Qe [ IRl ==
bl el 9 Os / Tre| - ses | - e | AL (35 .mv “Deol| T-R \mww\)\
oAl ST SS9 oS5 / LA | ST _STET CT9E | €0 [ GE& _,Q..w' QT - M.,.\,,&Q\_
oAl eS| ko oS / [@re|iveg 12 | IU| Lss Ve | scdl TR
| | [ | BALs| | , ~e ol
Ch| 3L 9 Qs N [ Che] SSE Lo \1'h | €@ | 057 AE [ L] <=
QE| 2s| 5§ ec | [/ [Lre| gl bbe| @8-lods’| he [erar =g
(o eSS R N —atal ﬁm,x\
Q& es| as| <= D gre| =% FOTR| =T A e | 919 @A S B < Yo Te 5
o' & QS e | o= YN | Bhe] OS% o' | el lbkes” @27 aoal] T=T] V=
BH "ul 4o do do 4o do | 4.(3) H (UA) S M MA) wp' | go {O%H Ul | O%H "ur | ewiy ‘ON
wnnoep {BANO | 91Ul | -dWBL Jepng | ‘dwey |- -dwey dwaj swinjoA Julod sed ajey ‘ubg - (do) %2019 | juiod
dwing sobuidwy | - JepjoH | eqoid | yoeyg Jojoly SWNjoA | ruejely SR |00 pesy | -Jod
- ISR . ) ,_No_uw.-.,o..m—,_.r 1919y KM ; N 4 _63«04 E R 3_00_¢>
(*3) "dway v e | reagasoay) . | gk |
1810l :
/30 1edyg esienel] & o,:T.,. -£ @jeg =X :uoneo0T 1591

T+ ONUNYisay

) W ipowsiisey

. ONIldvs OLLANIMOSI - 133HS vivd ._.wm._. Q._m_m

\w@#ﬁﬁ d.ﬁ k=) EWY VI Y

J..»?ﬂUZ@U n»Jq . ueld

NV

-Auedwon




(6)  2ue ).
(B)  2ue )

“ON 1914
"ON |jquiul
‘NOLLO3T109D T1dNVS

:Aq 8)is woyy parowsy sjdwes

:Aq payblem 199 eallis

:Aq patanoosy siebuidw

-Lpsisneyx3y oo eallis

:0°H JeBuidwy jo uopduoseqg

{(B/1w) ueo Jeyep fejoL

‘S31ON ® SINIWWOD

-BYo  seo jeimeN- 01/8
[eOD 8jubIT - 0986

O 1Bnd- 0616  [e0D a)2BIBUY - 00LOL

1eQD_snoujwnyg- 0826 ‘(1os)9g) Bunig adAy jeny

(1azAjeue) yg poyrepy (8uo J09)98) Ag senjep seo
(%) uabAxQ

/(%) epixoiq uogle)

7 }sod D 9id uﬁ,vmco 3ea j0iid

BH -ui @w@m [(9) x5 23150d T ey g391d DIOOYD MRS Ules) sjdwes

(B) ues ym eois () uren 3w Jebuidul o GF (sqy BH “u1) eanssaig enj
X(B) M renu) eanig {(Tw) 3 1emu; JeBuidug L,y 8- {(O%H "w) aunssaud onelg
{(6) I teulq eonis (W) 1M Jeuly seBuidw) O G, {(BH ur) sunssaud ouewoleyg
‘NOILVNIWM3 130 FHNLSION ‘SNOILIONOD MOV1S
, o= ((uw) ybue ise | :(1osj0s) dnjog urel|
| 'Sjulod @sIanel] Jo Jequiny [elo) 71 (") Jeyowelq ejzzoN
5 ‘u10d Jed sajnuipy vVOAR L, ‘felislely Jour] aqold
e ‘Hod Jad sjulod jo Jequinn K=Y ‘('y) wbus aqoud|
) ‘pe|dweg spod o Jaquiny R ‘Jusiole0) agny 10jid
29~Nv :8dA1 104 _ - :al joud
= :(ur Jejowelp) azig 1oy FET :10j0B4 UoneIqles Jeley
-1 {("u1) ybue pod L=-w) ‘al s
[EOlOA  Jo  (TETUOZIIOED :(0sj08) sue|d s|dwes L~ :ql dwa
weassumo(q wesnsdn  (siejowelp uy) eoueqinsiq .% uomc_mwm_ 1sef
\AN 1°CL [ (14 "bg) easy Jong TN SWABON T lLonIpuo) 821nog
Q.w\m.\v (1) wpm AT AT T A e ~ ‘uonedo yso
Ty Jepeweig Hq”@ yibusn RN INSINE) Jay Jueld
punoy Jo B D :(09es) adeyg jong 7 a( :Auedwion

o~ ~-% eequny

imﬁ‘ 'ON uUny isej

SUILINVIVd IS

134

)




RIPIDG ¢ ywed - Doiowi b a 294 oq *

h,, m\& .d&\ . A 35S €TE & ,\ :WMM /ST‘TMU\V
LLo- L
[shan[(FeLT])
/) =
{
/ |
_ 1€ eTron A
95 2189] /s | ) [ Lre] 30T TS [ @a a9 aU1| ST 5581] T &
eS| /2] ea LS [/  Tare| oot Qos*| Sty | Ce7[ o€V 1-9
A\ 8157 T v o
oS I9] &9 & v I ke ais 2~ oY Jo L= Lo % #HQ = /r\\
o'S| 9 g9 \.< LrC| Sig oeS [ SFss| [en] Te | bl s 8
\ SESS @iat 30\
oS 91891 s Qre | 1t¥ Ces [ LUTS [ a8 ge | arar| = o~
os| o9 {9 S —

LSS:| AbLHN 0"\ e 998 | -k B
= CZLh R (7,
Les | L hh| 9 &C | ~ozl| © -~

Qs oo | T 15

oS e[ 99 \< | Lhel Te€ LS TF-oh| o TS| Lew| 1Rk

s @s| AP (S L eke| Toc| gl %51 AR 8| [se] - \\w

o5 @s| §9 (s ghe| 9T T FETve wv\\w

- . N hU & -\m . lﬂg - e

oS 85| £9 ls 1 8r2] 29| M9 el SoF Sse | vweTTE-

NS E RS VINT Tre| @25 JEe | AT TN T s
BH "w do do do d | o 4o (53) H N i (UA) cwyo | gn L M (UA) O*H"'ui | swny "ON
wnnoep (19BN0 | 391Ul |-dwe] jepno| ‘dway | ‘dwey | dwo) | Bwnjop ulod sed | ajey ‘ubg | awinjop . {do) %9010 | julog
dwnyg 19Buiduy 19pjoH | 2qoid | yoryg FE e swnjoA | usjep | P peay 104

: J9))14 leanaloay ) 1o)ely LTl ey Rioojep
(*3) -dway .| respesoayy | - BRSO R e v :
1938 .
kL 4O ) 188ys esienel] . J.nl.r?ﬂ ‘8jeg o . VX : oy mf.w.u?ov .Pv ~Oy :Eo:moo‘_ })sal

< ,.o.z uny jse|
Y Jm\mz ‘POUION Js9 L _ o
" ONITdWVS u_hmz,_xom_ - 133HS V.1va 1s3l a13i4d

NSO T IEY ey

V<Y _&cmanO. -




(B)  ose g "ON Jo}id
(6) 3m 8L ‘ON ojquiy . *S31ON ® SINIWINOD
"NOILOITI100 T1dAVS
-BYIO  seo jeinieN- 0128 11O [BNd- 0616 1BOD SYvBIUIUY - 0010
:Aq eng woy parowsy sjduies [ecD ayubIT - 0986  [EOO snouunyg- 0846 :(19919S) Bul4 edAL |an4
:Aq payblap o9 eoig (4ozAeue) ye pouiepy WIA4/18810 € pouidh :(suo 108198) Ag senjep seg
:Aq paianooay siebBuidw) , ©'9 (%) usbAxp
,pasneyxy 9o eolls 9 ¢ (%) spixolg uogle
:O°H JeBuidwy jo uonduoseq o, }sod 8ld 299YD Neen 10ld
o8 1L {(6w) utes ey [BIOL BH .c_m“wxmnﬂ O e umom\&,@_ <@ 9id o8y yee ulel] eidweg
B)ues ey — (w) ures 1 JeBuidwy s % ‘(sqv BH "w) ainssaid en|4
{(B) 1M feniul eonis {(w) I teiy) seBudw T (O°H "w) aunssaid oneys
(B) M [eulq eoiis (W) I feuld seBuiduy Oy 2 {(BH "w) eunssauq oujowoleg
"NOILVNIWYI13G 39N LSION ‘SNOILIGNOJ JVIS
o9 Ac_Ev,Sm:m._ 1591 :(yoojes) dnjeg ules |
21 ‘Sjuiod 9SIBAR] JO JaqWInN 210 [« N i :("up) seyoWwrRIq B)IZZON
K ‘Julod Jad ssnuip oA E L ‘[eleyepy Jaur aqold
- ‘Hod Jad sjulod jo Jequinn ,a i (("1) wbua1 eqoug
e :pajdwieg SHod J0 JoquinN P ‘Jusiolyso) aqny joid
e~y A :0dA ] Hod . . ‘dl ond
" ("u Jojewelp) 8z1g 1oy B IR :lojoe4 uoneiqieD s
g4 :("ur) ybus pod ) al e
lBORIBA o EJUO. u :(1o9|0s) sue|d 9)dwesg Lows :ql dwe
wealsumoq weeynsdn  (sisjowerp ur) eoueqin)siq % Jesulbug s
7] a7 :(14 'bg) easy Jong N A :uoipuoD 89in0g

— e

as-¢/ ‘(3) WP

S| (W) wbuey
+[BURIOST ™ (100]0S) adeys jong

(¥) ser0WwRIQ
punoy o

iy 2T R o M RO NTY uonesoT isag
EINTeSNTT) 3% Jueld
<A ( :Auedwon

Do k- £5RAUN TR/T ¢ 50N uny Jsoy

‘SYILFANVIVd 1S31

V1va 1y0ddns 1s3L

136




([ 2s°[s9 3 blssJl@be sh( ke V)
" g =
2" Sh
, ,A \.x ) esT
V'S | «9] ol |5 ‘)| Lre ] oof Wk | €8 | oo | Q| SC o%-
o5 €9 ol 3 ] Lre| oof _ErE | el | Les TS LA g2l ’e
7 S ghtol|
OS5 e ol {5 ﬂ Qie| ~TeL / Lk e Qo9 @Mhﬁdmﬁ.; o< -
OS5 t9| oL (S \ [ Ske| KT g€ | T [ Les rhfo._ 9| ge-
c : 3 T .= SR le)
eS| €2 oL (s \ LAC] heT SR | Se-Tgps Tty SRt 08
Tos[ e 4o 'S NEEEHESS lg's | LL|FS twm.ww S8\ e
o5 I k9 (= \ Che | <€t SUE | S [ @hs’| 20| | 027 ]
o' S| €I &T S / FGRC | Te< 418 [ 9 [Lee [ SF @[ asV | 1%-
N T T | (%
o's| €] L9 L& \ Lee [ @S| A T | LU [pLs™] €hegl a1 €5
oS | €9 89 LS / ~e| <3¢ e o LAY ke
a's| €9 95 (S ﬁ/\ (R Lag _So'k | 1@~ BbRE QL g¢
IS TI 19 = T WN [ Fre[ 52 See | LT XL AT e
BHu | do do do do o () | HEN H (“A) uyo M (MA)- | OFH rur | o7 rur-
wnnoep | I¥BNO | Ul | dweyjepno | dway | -dway dwaj alnjoA jutod sed ajey ‘ubg | swnjop | (HDY) (dD) | o01p | juiog
duing JaBurduy JopjoH 9qold | oeg 1019 awnjop 198N 1838 | 20310 pesH ~Hod
- EEH[E leanaloayy 9ol N.WA_ jenjoy i PMVELIEY S
(3) "deway : [eanasoayy %+
isjop N
, SR
_\ jle] | ¥e8ys esienel] ) 33...?,».4.«,. ,. -eleg — A dS3 T ANV iuopeooise]
S F ONUumyjsel AN T A aueld

¢.wa\\42“uo£m§%wf_ _ ¢.A dﬁ chEo
 ONIdIWVS OILANIMOSI - 133HS ViVa 1831 a3 | o




(B) mm arey "ON Jo}lid
(6) m 2t "ON Bjquiy L ‘ST1ON ® SINIWNOD
*NOILO3TI0D T1dWVS

“OYO  seo [eIMEN-0L/8 1O 19Nd- 0616  [BOD SY0EIBUY - 0010

:Aq 8IS woyy parowsy sjdwes [0 91UBIT - 0986 _woo w:oEEE_m ow\.m :(os10g) Buniiq odAy jen4

:Aq paybiep 109 eolg (1ezAjeUR) Ve poyle :(8U0 109j8S) Aq Senjep seo

:Aq passnooay sisbuidw (%) usbAxQ

| peisneyxy 9o eoljis Am m (%) spixoig uogJen

:0%H JeBuidw) jo uonduoseq \\ 1s0d P 8.d D98y ea joid

09 L9 {(6/1w) uren Jerepm [e101L BH WO foT ©  saseisod @8 @:ald MoayD yes uel] sjdwes

«(6) ures 1 eanis (W) utles \ sebuidwy == i(sqv BH "u) aunssa.d on|4
:(6) IM feniu) eoig ‘() Im fenu) seBuidw) OEY « {(O%H "w) ainssaid onelg
(6) M eurq eonis (i) M [euid Jabuidwj 0L GE (BH "up) sunssaid oupewoleg
‘NOLLVYNINY3 L3 TANLSION ‘SNOILLIINOD MOVI1S

e (ww) ybusse) :(108)0s) dnjog uiel)
h ‘Sjulod @sIaABl] Jo JaquinN |10 2%, ("w) Jeyowelq ejzzoN|

= “Jul0d Jad sanuip oA ZI L ‘leLisig|y Jour 8qold

2 ‘Hod Jad sjuiod jo JequinN , Q1 ('Y) yibue eqouy

= ‘pajduies spod jo Jequiny rE - JUsIdIYL0Y 8any jojd

B Vg ] :9dA| pod - :dliond

v b {("ur ;sjewelp) 9IS Loy Feo 1 -l010e 4 UOlRIqIED JBJBN

¥ {("ur) ywbus pog Loy :ql s8N

leoiep  Jo  (JEjUoZIioL :(109/8s) BUB|] B8|dweg L :ql dwe
wealisumoq Emm,bwa: (sser0welp ut) soueqinisig lt.@l Josuibug jse]
ST/ til .A.E 'bg) eauy 1ong N aBON :uonIpuoY s2inog

os ¢/ (1) wpim ANV JST 5 L VUY :uopesoTjse)

T () mjpwelg SZUL] (1) wbue DTONEINGS - dIy Juelq
punoy o :(108j9s) adeyg 19nQ 44{ :Auedwon

nw%_;\{\w ejleq uny WL _HL# 'ON Uny isaf

‘SYILINVIEVA 1S3l

oQ
™
-




: B —
p 7 < s I\b1o To? e
//Ww LS ( [/ fmvp//.m\w\ R
- AT 9.
LT Sh
\N/ TR T _ hht-¢9 SEQ
o] 99|5C €5 ) | Fe] Lo€| EFLSTN TR |Feg | 097 | ¢ans|STT| 0 6o | e A
a's| J9| < €S / WO bbe| T LRY | o L2 AU Ten | o | S| 129
. { ke | A Logel .
o8| 99| T €5 ) ] v | ses | Tem | hg- | ala| s271S| Fa V| &%
Qs 59| EL TS /| wre| Q¢ o ;m@m dr..., eS| CEQR[ATT| e
Q'8 SO |-erL e f Sre | Yee I bRk Mrﬂ _ A\ o%-
Q5| So| L ) / The | et " Mrm\ SR og -
Qs 59| 1L =3 )y [ IrE S R 92| 30% AV [ 0%
Q5| £7| ot TS /| ke ess s X | @e-
{ Sieg o
OS k9 &9 | —es N [ 8he] 9L KT Le| I3t os | =
cs| Fo | 89 == / | ehe| KhSS ST | V1] pET
- Jeesel
o'S| Lo | 729 - / She| RS GUre | TR Mh L ges
3l A 92| = VIN | ghT| @ST | < h < > | SrEgl e 3T
BH -ui do do do do do 4o:(53) M (“A) H(UA) wjo ‘a0 CHEA) (o w0 ;
wnnoep | 39BN0 | 91U | dwe) jepng | ‘dwey | -dwe dwaj swinjop | -juiod Jed oy s taw . ewnjoA | (HO) (dD) %9010 | julog
dwing Jabuidwy 19pjoH | 8qoug | . ¥oelg FLITT swnjop , “| 1030l . | eoyug peay " -pog
4ot - | leonetoayy | ssjep S A1o0jaA |
(43) dway - ~ | reogesoay) B mﬁ*
B LT B v . e
. S*® - _
;o Jo8yg osianel | Fo-pki=%  0kQ P.)J?. Kl anU ] \(:13 co_umoo._ “mm.r..
F 3§ oNunyisey _ B N (T Vo e n» Tueld
.qnw%\lmé‘ UOEOS_ 189 ] . ; - ¢A >CNQEOO&.

. ONINdWVS o—hmz_v_Ow_ ‘133HS Viva 1831 Du_m_u_




115 (B)merl L/ ONJeld “ I o\ sinpy P %04
(6) o8t 'ON Bjquuiy | per s NG jmd *S31ON ¥ SINJFWNOD
'NOILOTTI100 T 1dNVS beg thhi-
“dOUI0  sED [RIMEN-01/8 IO 19Nd- 0616  [BOD SYoBIUY - 0010}
:Aq 8lIS woly parowsy s|dweg [eoD a)UBIT - 0986  |B0D SNoUIWIN)Ig- 086 :(yos108) Buliq adA | |ong
:Aq psybiopp 1o eoljig (19zAjeue) ye poyssy  sjIA4AeSIO € poulay :(suo 109jes) Aq senjep seo
:Aq pasanooay sieBuidw| L (%) uabAxp
-¢pajsneyxy [oo eoljis 2/ (%) epixoiq uoquen
:O°H Jeburdwy jo uonduoseq 31804 A ald No8Y) ¥eas jojd
\im\n (B/1w) ue ssyepn fejoL BH ul \.ﬁ\ e/ © Tiopsod F097:81d M0o8yD Nea ulel] sjdwes
(B)ueoipmeons T (w) ures I JeBuidwy {(sqv BH “u1) sinssa.d enj4
B)m enureos T goitg (w) i ey JeBuiduwy of- (O°H "w) aunssaid oners
(6) I 1euid eoyis 2535 1w) I 1eurq seBuiduwy L' %7 (BH ") aunssaud ouyewoeg
‘NOILLVNIWY313a FHUNISION ‘SNOILIANOD MOV1IS
ha (u) ybus ise ‘(1o9jes) dnjog utes |
9) ‘SIUIOd 8sIeAel] Jo Jjequunp [ejo] " (7§ ! :("un) JejewelIq BjZZON
L ‘04 Jad seynulpy Lr ok Q ‘leligjep Jauln 8qo.d
2z ‘Hod Jad sjuiod jo sequinN Lol :('y) wbue eqouy
8 ‘pajduwies spod jo Jequiny ehg' USO80 8gny jo)d
Ry :0dA | pod 1 500 :al joud
4 (' 1eyewelp) sz1g Hod SLL’ :10j0B 4 UOHRIqIRD BB
:("ur) ybus pog Lwy :dleen
CBonisp> 1o jejuozioH (3o9j08) aue|d a|dweg Lw D didwey
wesansumo( weansdn  (ssepewelp ur).eoueqinisiqg PN Jesuibug iss |
Go 9 (14 'bg) eauy 1ong 327/ JUOIIPUOD 82IN0S
o4 ‘(1) uipIm AHCO 45T TFVN iuoyesoisey
T (y) Jspewelg \ (1) ybua HO TSI GO 3 Jueld
punoy Jo (Ieinbuejdsyy :(jos|es) edeys jong

J3 m :Auedwon

S0)W /s eequny dﬂ.\h@ "ON uny is9]

‘SYUFLINVAEVd 1S3l

' V

140




E

133\7*3“_
A a3 9 Maw.mm ::
- 25| &5 (s 297 | ~II7 by | Tea'ly/ S8 5| MWL WS i ay 04| Sboy] T
el A R P e o T2 | T | | suss| aml’ | HS 920'Ls| h| (2! 2au| -
) w20 LG . 2ol
| 2| 25 94y BZF|  MER9 W M v v M| 2] sl
k| 25 o R 28] — | 28L'n| 57| cwh| %985 on <7 Lhy| (-9
v 8y o . 2L hya|
s | 28| &5 Ao to¥ | 27| B[ €s2 75 535 5| B | | wmasl Ty ST Fom 7
e s ) Fn e L57 hzs \\ " Lis ] 390 [y (2! bloy | (-7
e Is| 5 $h 127 | $£97. 975 Lh9] SES Vs 9y LS| aeonyg[ 7" | reeol | ¢
b Il 25 el 97 | 997 | -ATE | ouvy' T | 5L [oqs’ (sS5¢l 6y | ~e a0l |
BH-w | do | do do 3o do L) | HEN HEAN 1w g T e [omu o w | ew | -on
wnnoep |39RNO | 9jul |‘dwspjepno| -dwey | ‘dwej ~dway awmn|op jutog Jad ajey ‘wbg | swnjop | (HO) (94D %2019 | julog
dwnyg Jebuidwy lapjoH aqoad yoelg 990, \WEs_o> | Jolely 1019 | 0oyl | peoy -Hod
934 _wo_umhowc._. 18)8|N S fenjoy FSTLTIEY Y
() "dway ope [eogatoayy | VI ;
FEEI CHEY
/ o ) 3 joBYg eslanel] $8/h//5 ®leQ F4O0 o\m,w ) +Eb :uopneooT 1se

<

CON Uny 189

Y9t/s  POUBI 1581

ONITdWVYS OLL3NIMOSI - 133HS V.Lvd 1S3 d13id

Fio

Jued

7 ,:caQ
%mano

nm& A

141




(B) m a1e "ON J8}jid
(6) M 2181 "ON 9|quily L
*NOILD3T10D I 1dNVS

:Aq aus wouy parowey sjdwies

:Aq payblem |89 ealis

:Aq pasanooay sisbuiduy

-{pejsneyxy [@o eollis

:0%H Jebuidwi jo uopduoseq

%29 H(B/1w) ures Jeyep feioL

(w) ures 1 1ebuidwy

:(6) utes 1M eolis

¢ s
ey < el
- v\ g 0]

‘S31O0N ®? SLNIWINOD

-IYI0  SED [RINEN- 018 11O 19N4- 0616 20D SHOBIGIY - 00L0L
le0Q oyubIT- 0986  [e0D snouwnyg- 0826 :()08jeS) Buu4 adA1 jong

(1ozAjeue) v poytaly  BIA4AESIO € POUION ‘(auo 108)9s) Aq sanjep seq)
RG] (%) usbAxp

T (%) epixoig uoglen

N ¥sod o edd 99YJ Nes j0iid

BH U™ _J/el ® o/¢o 150d ~ 50001 3198y MesT ulel] ojduweg
:(sqv BH "ui) sunssaid an|4

o~
ag b 370

Blmienuieolls Ty s (W) M femuy JeBuidw oi. {O°H "u) aunssauid opejs
(B)IM feuijeonis T R/ s (W) M [euld JeBuidw r.\ww (BH "u1) sunssald oupwoleg
‘NOLLVNINY313a 3N LSION ‘SNOILIONOD MOV1S

o9 (uw) ybusise) ﬁom *oi :(yoejes) dnjog ued

£ ‘Sulod 9sIaAel] JO Jequiny |ejo ) 125’ (") Jeyowelq 8jZZON

<t ‘Julod Jad sanuipy L m ‘leusiep Jault eqoid

< Hod Jad sjuiod Jo Jequinp , al (") wbus aqouy

J ‘Pajduies spod jo JequinN °hg’ JUBIdIe0D 8gn] joid

R :8dA1 yod @90  dlond

xS :("w Jeyowelp) 8zig Hod Yol :Jojoe4 uoyeldien JeisiN

ot :(u) ybua pod LW 0l e

%1 10 |2ju0ZII0H :(109j9s) aue|d ajdweg Lwp  Qldwel
weaJjsumoq weansdn  (stojewelp ui) eoueqimsiq W75 Hesubug yse)
0'G09 (14 'bg) eauy 1onQ )49 UORIPUOD 80IN0S

oof ) upim
() wbuay

Wepuea T oigy

A.Lismu &S 9 F-u) 1UOHJRI0T Jsa |
BT ueid
d m¢ :Auedwo)

vofhify PRAUNH Vo / "ON uny }sa

‘SYIIIWVEVYd 1S3l

142




%46

S 28 29 hs 2 97 a7 efy 3¢ hit L2 2l Tout| LSh'| btk YA A
2 55 29 hs 297 457 ehs —] RLa ‘sf L] LS ey 51 g7 a5) I-iq
2971 42| 01 b7 29q)
S| S 29 25 297 x4 7] S8szl| alz | el Wh| vl 2 he' | ~wtl|y
S| b & b, @97 197 Fr| ] SBEis| sl S e®mn| o S| tsul -3
L) @31 80\ shtl
5 £5| Ly i) 1oz 1 297 0| 2| 2o | el [ b SRl k| ger | St 2
| =] 35 Ly, 97 | 7| sy 27y wO ] ws T Tow[ T s eigy| 2
AL ‘9| YA °% A
| 29| Lr 81y Ta7 997 | 92¢ 200l sy s [TWRC [ VIS miaw| R | L3 F| =
> | s A - 5%, =297 e | s WS | W] bis | Thom | BT 227 gl 4
BHuw | Ho 4o do do 4o 40 (%) M (“A) H (“A) wyo d0 | H((MA) [OH WO ul | swy | -oN
wnnoep | 39HN0 | 301Ul | "dwoLiepno | ‘dwey | ‘dwey | duway swmjop | julodJed | ey | pbg | swnjop | (40) (d0) | %2019 | jutog
dwng JaBujdwy) J9pIOH | 9qoid | yopyg 1919 swnjoA I9)0N J9)oN | 8oyuO | pesH -Jod
ECIE | |ednatoay) 19194 [enjoy Kroojep
(+3) "dway [eayasoayy | ITh o
Jojop b3y 5
J o JosUgs asiaAel] v%\\w /s @ed AN ST 9 £V 1uonedoT 188

&> ON umy 1se)

fto isjucm_&

VX/S :POUle 1seL
ONITdNVS 0_._.mz_v_0.m_ - 133HS viva 1s3lL a13id

3 @ :Auedwon

143




(6) 1 ase "ON Jo}i4

(6) I ese) "ON 9jquiyL ‘S3LON % SINFWWOD
‘NOILO3T10D T1dAVS

SOy seO eimeN- 0148 110 19Nd- 0616 180D SloRIUY - 0010}
:Aq 8)IS woly parowsy s|dwes |BOD SHUBIT - 0986 {€0D SnouwNg- 08/6 :(yosleg) Buuig edA} jeng
:Aq paybiapp 109 eolIg (19zhjeue) v poyroy  epih4pesio ¢ PoulalN :(Buo 108|9s) AQ sanjep seo
:Aq pasanooay siebuidul| L (%) usbAxQ
:¢pejsneyxy |99 eolis 1 {%) spixolg uogien
:O°H 4eBuidw) Jo uondioseq / 1S0d ; 8ld MosyD Mes 101d
Y N7, (6/1w) ures Jsiep B30 BH -ui el ©  ©ior ysod _Sog ! 8ld Mo8yQ yesT ules] s|dwes
:(6) uleo 1 eolIg (Jw) ureo I\ Jebuidwy {(sqv BH "wi) aunssa.d anj4
X(6) I ey eolis T tRCgg (Tw) M feniu) seBuidu al- {(O%H "ur) sinssaid oneys
{(6) M eulq eoiig lﬁmml (W) I feurd sebBuidwy Ly (BH "w) aunssaud oujewoleq
‘NOILVNIWNY313a ANLSION ‘SNOILLIANOD MOV1S
ba H(ww) ybusqise) * oﬁ Fo/ :(10810s) dnyeg utes|
v/ ISjulod 8ssenel] Jo Jequinp [ejo) L7y :("un) se1eWeRIg BjZZON
L “JuI0d Jad ssnuipy kol ‘leusiey Jaul 8qoud
=2 ‘Hod Jad sjuiod jo Jequinn , 9l :('y) yibua eqoug
)  -Peidweg spod jo JequinN ehg ‘JuBiole0) agny 10id
J@nc«m :9dA) uod yToa :di 1oud
L h ‘("u Je)eWweIp) 8218 Hod 7L :10joB UolRIgIIRD JBIBN
{("ur) ybus Hog oy Al JeleN
10 JejuoziioH :(}osjes) aueld sjdweg ZYw Qi dwey
Wweassumo(q weansdn  (sisjowelp u) aouequnmsiq PN JJesulbug ise
©@9 (14 °bg)eaiyjong Y197/ [UOIIPUOD 80IN0g
K (M) wpim 00 457 9 4/vA ‘uonesoTise)
T (y) Jerowelg S () wbue HO ::,s?od Jueld
punoy lo ~TBND 5P :(109)9s) adeyg 1onQg ‘3 @ :Auedwon
1°/% )7 :sjeq uny Imj.oz uny jse ‘SHUFLINVHEVd 1S31

V.1vd 140ddNs 1S3

144




\g\ﬂ‘. /

9503}, . @eq'§}, Lk
Rl 29 % 25 292 | 292 2TE| aveizy| 9 S| RICT YT | Stey| | BT Fis |
bl 329 lq 25 29T 77 (z¢ — 98 | helt | bzt Shegg ST AT k] TR
£25°9% by ‘99 h1&
] 29 {9 /s 297 297 (%43 72/ ST 9l | obsat | Siyg NI TR
B | 29| ¢ hs Sa7 ¢ 57 ¥25 RI| AU Vs s si | 32 s08) | 1—¢
w7 ke AN > ar
S| 29 49 s 2?77 | 197 | ekg _T98'89|  seris | ol *h ] B389 1 we' | St n| S
Px 29| 89 s $97 (57 <hs S s | 9 b2l | Lt 1 he' | Cask| -7
B IS5 59 . _ arli]
L 37 /9 [ 7 | 197 | F7s | ROBS[ ath 5 Isi | e8| 9% ha| X7 [ s7nl ] 5
P 19 $9 iI_r br2 | 852 #7151 || s mm o Wt k| v T V-l
IR do do do do do 4o (%)) 3 (UA) H (UA) wyo do H A o w0t w | ewiy "ON
wnnoep [J9BN0 | J9jul | dweyjepno | -dwe) | ‘dwe) | due L awnjop julod tod ajey 'wbg | swnjop | (HO) (do) %9010 | julog
dwng Jobuidwy JapjoH 9qoid doeyg l9jeoy swnjop J9)89|N 919N | adyO | peay -H0g
J93d [ednalosy | 1019y ! jenjoy Aoojep
() "dway : lespatoayy | §7hl . '
P e $ih 5
0 199yg esienes] Y0/hs /s ORA L\J 0o Joz 93107 :uopeooise)

£

ONIMdWVS OILANMOSI - .._.mmz.m V1iva 1s31 g3

"ON uny 159
Y9(rs ‘POUIBN }s8

(10 TR ueld

ol mt :Auedwon

145




(6) 1M o) "ON Jayjid

(6) maieL "ON |jquiy ] ‘S3LON ® SINTFWINOD
‘NOILOITIOD T1dINVS

“IPUI0  SBO [eumeN-0L/8 1O fend- 0616  |BOD SHORIYUY - 00L0L

:Aq 8)ig woJy parowey ejdwes [BOD B}UBIT - 0986  JEOD Snoulwnyg- 0.6 ‘(oseg) Buli4 adA| jony

:Aq paybiapp 199 eolig (18zAjeue) ye poylepy BJUA4MeSIO € poyely (auo 109188) Aq senjep seq)

:Aq pasanoosy sisburdwij / (%) usbAxp

‘¢paIsneyx3 oo eollis -71 (%) 8pixoig uogien

:O%H Jebuidwiy jo uopdisseq _ 1 isod A . 8l 308y yee joud

e Mm‘ (6/1w) ules Jeyep fe10] B -ui 9 \ o ©® <o ysod T ai- Bld o8y ea ulel] sidweg

{(B) uleo IW eallis (w) ures y Jebuidw {(sqQy BH "ur) aunssaiyg enj4

{(6) 1M e eoig % () 1M feniu) seBuidw el - (O%H "ui) ainssaid onejg

(6) 1M [euld eoyg hohts (W) IM [euld Jebuidw g 7 {(BH "u1) sunssaud oujewoleg

NOILVNINGT13G FUNISION ‘SNOILLIONOD MOVIS

= (uw) ybueise ) ‘(yoej058) dnjeg ues|

§ ‘SjUI0d 9sidARl| JO JaqINN [R10 ] =5~ :(up) seyowelq BjZZON

7/ ‘Juiod Jod ssjnuipy _ x@@ ‘ferisie|y Jour @qo.g

5 ‘Hod Jad sjuiod Jo JaquinN 1907 '('y) wbus agouy

L ‘paldues spod jo Jequinn 2 JUSIDIPL0) agn . joud

)m:a (+ . :8dA | uod [ TOD ‘i ond

o h ("l Joyowelp) ezig Hog 715" -10joe UoRIqIIRD JBle

{("ur) yibus pod v Vi) Al ey

eollidp Jo [ejuoziioH {(108j8s) sueld ejdweg ) LD ialdwag

weansumoqg weassdn s.AmLm«mEm_v ur) esueqInisIg HIE :Jesulbug ise |

T/ (14 "bg) easy 19nQg y¥790)/ uolipuo) 80inog

o2 (W) wpin +TMMQ  dSZ) g £iU() :uopeso isay

(1)) Jsjewelq 5/ (W) wbue Ho W) ey

punoy Jo % {308j9s) adeys jong | a7 v :Auedwog

79(A /T PRAUNY Vg ) oNunyisel (o A ‘SYILINVEVd IS31

146



147

[ECREEY °70'g5 54|
~ | =7 +9 A 2972 197 b | bel'7s loc s | QU | LIS osyel ST 22° SOt 4
5 <7 27 By 297 197 bts — bav'g 198 | ths' 95 9 ¢’ ard) | o,
292 alq ot e{ 9y olp)
_5 09| 59 -5 a7 | 7297 ohs S oy, 896 ' 9| LIRSS qcal| s V' [ S20q]
o 19 b9 {5 277 (52 °fy | _——] Stes| vl 8l earse| e he | es ] i-¢
9’ h§ Q0T e ot 9
/5 /9 99 kA 297 297 azy bL'87 9@ Ly | brs 87 £ 82| s fl] 4
b | 29| <9 £ 192 27T | 9T | 99| 18 s | SC2| 59| on | el 17
2L Sl 27 ssdl
A 29| 99 /5 127 hS7 78 B FES| et | e ST ¢ h?' [ Stz24l | =
_n 79 h7 2 297 297 LY | qad 5| kel | v2st | essy AKT; 82 | =74y =)
BH'w | do 4o do do 4o 4o (1) H (“A) H (“A) wyo dO | W(“A) |O%H uw| 0% u | ey | -oy
wnnoep (IBBNO | 391U} | 'dwaj JopnQ | “dway ‘dway | dwa) swinjop Jutod Jod aley ‘ubg | awnjop | (HO) {dD) 3}20[D | juiog
dwng sebuiduy J9PIOH | 8qoid | yoeyg Jo19N awnjop Jojol 19)8ly | 8OO | pesH -Hod
19314 ledoialoay) 19j9ly e fenjoy Aioojap
(*3) "dway _, [eogesoayy | €40 Fath)
ool
] Jo | 199Ug esieAel] o /hy/5 eeq +0g o Sqd 9 +rona uopesoise)

|- ONunyjssl
V9/c  pousp isey
ONITdNVS OILANIOSI - L3FHS V1va LS3L q73ld

{ o ATTOTueld
Y mdt :Auedwog




(6) et "ON Joyid

(B) M a1 "ON @jquiiyL ‘S3ION ? SINFWNOD
‘NOILO3T109 FTdNVS

-BYO  seo [eImeN- 0128 IO 19Nd- 0616 1BOD SYDBIYIUY - 0010}

:Aq 8} woy panowsy s|dwes Ie0D eubIT- 0986  [eoQ snoulunyg- 0826 :(}08|eg) Bulid odA ] [ang

:Aq paybiop oo eollIS (19zAjeue) yg poyey %m.wwo e uosm@ {(auo 10919s) Aq senjeA seo

:Aq pasanooay slabuidwj o 2 (%) usbAxQ

:¢pejsneyxg (oo eollis G\ (%) epixolq uogien

:O°%H JebBuidwy jo uonduoseq P 1sod A~ ald o8y yes 10id

0’g9/ (Bw) ues) Jeepp 210 BH “ul @:\? © os o 1s0d G5 © ©ld ModyD Yes ulel] sjdwes

(B) ures 1 eonis (w) utes  Jebuirdwy - 1-g¢ :(sqy BH "ur) einssaid onj4

(B) I feniu eois IR (W) I feniu) JeBuiduw e~ :(O%H "ul) ainssaid onelg

uAmv IM lBUId BOIIS ¢ p7g (W) I leuld sebuiduwy o .0 - _o:N :(BH "uy) ainssaid ouswoleg

‘NOILLVNINYI LI FHNLSION ‘SNOILIANOD MOV1S

o€l (uw) ybus yse

©,| SIIOd 9s19ARI] JO J8qUINN [elo]

Ol ‘Julod Jad sanuip

© ‘Hod Jad sjuiod jo JoquinN

=y :pajdwes suod jo Jequnn

ROt o :2dA] pod

7 {("ur Jepewelp) 82i8 Hod

(1

—z| :('u) wbue pod
jeolsp Jo FN :(Jojes) aueld ajdweg

wealsumoq _Emmbma: (sie1oWelp uy) eoueqin)siq

Bd T (14 'bg) eauy Jong
Sh () e

 Weewed T ST/ () wbueq

punoy Jo ,n_‘ymcm&uu :(109j88) adeyg jonQ

:(109)0s) dnjog ures}

297 :("w) sejoWIRI] BjZZON
AL ‘[euse Jaul aqold

& {('Y) wbue agoid

8 - JuaYs0) 8qn joid

I :atond

500\ :10}0B4 UoHEIqIRD JeJo)

L, =wW3 :al 818N

L. W2 :Ql dwe

1saulbug ise |

e

LT @& v :UoRIpuoY 82.IN0g

LT JS3 9§ L Nen iuopesoisa)

BSENGS - JAY el

vy :Auedwion

—

30 9[-£ 9eq uny

- uﬁ.oz uny jse|

< % IR o1AwLNO ERETEN 7y A

1.

148




TN o . J—

\ oo bl . (leeex] ). - TCJAB 155 wuw <gsl
\ \€0'9)
)
( :
.. / 1 Ve rLal ~C1 b _ coll
eS| og| €8 (s \v bhZ| (og| 157101 Qo 9| Q9T ooT Than| Vb | oE- oS56H €~
oS | o8| e8 |8 [ BRC | Qo O S| XS [ ¥ TL | BT L€ orel| (=9 T
. \ v 4 k990 ool . Le o LO*
oS | 08| 18 L= } QrT| alE| 9S50, BOY (9712097 9Fob| Thb* | LT | ¥d1] T< |_
o'S| bL| 1 (S / gre | kit OC'S| €o|oes| 5258 B9 | LT | Lior| (-
1\ Le S8 LE SO G101
e | b o8 [ ) Bhe| TEE| 0b'Ll| LE S| FS |ees 0L bl AL | LT[ gedi o< | k.
o |bl]| o 1S 7 Sre|  Leg LS| 99 LSS ESR BT 1€ | 2559 nh 2
\ 9T RL N FE L LS6O (15,
oS @L| &L = Jj Bhc| SE€5 | 8L9Y| @RS | S5 BRSO BD| gL | OC | LB T= ]~
cs| 8L bC = 7 grc| QTE LSS oS (s5%" _,m 29 BL| Je | Lebo| (-w .
N\ ‘ S1£9 1 | STE9] IELO G
o5 SL] gL B ] | ere| TR Lyls] SRS LS| AL ] Qg ] 9€wo| T~
e's| LL | BL IS / ghe | SsSS oL R 99| K| ALI| -t
T o SO o)
e [LeCL] (€ N A e O T B R B = B TS - I - N
0S| L] Ll LS V| ge| €92 ob'h | LR ,.@@T.,._,Wm.\& Q| At | sC%n| \~\
BHu | do | do o 3o do | a4 | HEN HON L we T gn Ty e [omu|om w | ewis | on
wnnoep [19BNO0 | 38JUl | "dwe)jepno | dwey | ‘dwel | dwse) awnjop julod Jed ajey tcw ..,mE:_o>. (HD) (dD) %9019 | 3ulog
dwing J8burdw) J9p|oHy aqoud yoeyg J9)0 swinjoA l9jo N RO B £ TR 9210 | . pesH | =Mog -
J93j14 jeonaioay} Jojoy Qon Lo [enjoy ﬂ b_oo_w> . , s
(%) "dwsay, Jeanesoay ] ) \NA o
19101
I alx o
[ o [ 198Yg osisAel] @@,,Aw?ﬁm.« :?)eq %? wa@d «.d AN O\ co;moo._ 188

g ON UNY Is9)
CAIAH  SrRTArg POYRI 1S9

ONITdINVS OILINIMOSI - 133HS <._,<Q ._.mm._. D..m_...._

;M.Qﬂww v.s&“wn\ quelq
{Aqﬁ \Emano




(6)im asey "ON Jajii4

B)im e} *ON SjqUEYL :S310N ? SINAWINOD
"NOIOI 1100 T 1dRvS .
-J8YI0 SED [RINEN-0LL8 110 [ONd- 0616 120D SIORIBUY - 00LOL
:Aq ayg woy perowsy sjdues _ {eoD}uBr - 0986 . 200 Snouunyig- 0826 (199j9g) Bupid adA) jeng
:Aq paybiem 189 eIlIS (1ezfjeue) g _uosms_ 9_;%80 mzimmwz ‘(euo Jo9|a8) AQ senjeA sen
:Aq paianooay siebuidu . o ?é uabixp
:épejsneyx3 |9 eolis XA (%) 8pixoi{j uoqued
‘O%H Jabuidwi) jo uopduosag \\ 1804 S aid . »oayD yea10id
9 ' po] 6/ u) uteo Jejem 1B10L BH ‘Uz o @ oo -pi50d @e- o-0id MO8YD Mee] uRl) Sdues .
{(B) uep 1m eONS (w) uen M eBudwyy — Qe (sqy BH "uy) sunssaid enj4
B)imemuieos T i(qw) I feniu) JeBuidwy < . (O%H "up) sunssoaid onejs
{6)IM jeuideos T i(qw) m feuid JeBuiduyy T oo LT :(BH ") aunssad opjewoley
‘NOLLVYNINMNAL3A FUNLSION | -SNOLLIONOD MOV1S
€ 4 (unw) yibueisel {(309108) dnjeg ules} o
1 IS)UI0d 8sIoAR) JO JBQUINN 2101 TSo - (u) soowelq ozzoN|  ©
el Jujod Jed sejnuipy RS Jleusie Jaurt eqosd
8 :Hod Jad sjuiod jo JaquinN ]| :("y) yibue eqoid
) :pajduieg spod JO JoquinN JR=N JUSIDYB0D BqN ] 10Md
T :odA yod — ‘alond
e ("l Jepewelp) 92)g Wod oo -iojoe4 uohelqleD Jejen
” w@? . {("ut) ybue og L-w5 :al Je1ely
, [eoiep o j :(199}95) auelq ojdwes ey :qQl dwe}
weajsumoQq Emgwan (sser0welp uf) soueqisig T uosuifug yse )
' 't N\ L (14 'bg) easy Jong P A0 N JUOBIPUOY §24N0g
€k ) upm LIWNT 4SF 9 Lvei(y :uopesoTisel
{(y) Jsj0wRIQ IlnNN [ () ybus . . EaRN =0 e v Jueid
puncy o deMBuERe, :(joeies) edeys jong AN Auedwon

90~ 918 BIRquny S ONumdisel - QYN @ rawaNO ~SuIERvEva 8a1




. _ P
Cool"og A\%ﬁf o ,mrol& (ST
_ : Ce g,
, AN | €T 99
4
3
P _ \
7 I TERChL [ 5%
e | g %8 x5 N | SRz Sog be” RSTNeG 25 gy S| Seny[ =
os | ig]%g tS /| ere Cog | QS | Cg <9 XA AR -7
,_ { _ LD ‘ - JNT) ®;
2S5 18] < €S } Gre e A R RS b | € | joei| =—U -
AR cs / LReT G2 SRS SR 2C° | L] s
, 5 L 2h €S , whe
g og] 18 =S N Lre| Ces , 13RS SESRFC Q"] <Rl =
e Sl og] 1S S AR o —=—
N I I I B e e SO LE T
eS| b | o =y S| Chel rec o LES
g | kgeE
05 [ LZI&Z ES TS [ The e IS he| 2R
o5 | 8L &L S J | srelTI<Se RGN E
Cs |2y 1)L eSS » TR _Sa% IR AR E
o s [RC B &= IV [ eFE| ooT o0 |
By [ o [ 4 do do Jode ey [ BEN | aEa H “oN.
WAROEA | 19RO | Je1ul | -dwey jepno | dusey | -duwey dwey | owmjop | juiogsed suiniop | (un). | (qc Wiog
dwng Jebuidwy - 8PIOH | 6q01d | yomg | . sejepy . unjop 48leN 1 690 | prey “Hog
o ..S_E | resanasoayy 1830 feia e ,
(*9) "dwey . . o m 00 A_ L o
Jojoly - — - ; .,
[ 0 eays esJoAel 5o - h@ K:)1:-Tq | t uz -, VT :oamoS amw L
\ - & F OoNunyise 3}& RSERTS 2 W ey
oad ~A ﬁ%&%ﬁ “PoUIs 189 . ﬁ&ﬂl >:manO -
ONIdNVS u:.mz_xoe ._.mm:m <.F<n hmm.r n._mm o




(6) 14 2uey 7 . ~ON Jjji4

(6) meim) "ON ojquity |
‘NOILSITI00 T7dAvVS
*Aq e)ig woy paroway sjduleg

*Aq paybiopm 1o eollig

'Aq paseacosy s1obuiduy
:épaisneyxy jeg eolig

.. “O°H seBuidw} jo uonduosag

o'l (6w ueo sem jejoy

———————
ety
e S,

(6} am renjup eoyg (W) 1M ety seBurduy
B)m feug eopg - (W) jeur seBurduy

“NOILVNINSS13a SaNLSION

X6) ure) M eays ‘(W) uren I Jeburdwy -

‘S3LON ® SINTWHIOD

TIOUI0 sEO feinieN- 0148 1O fend- 0616 JeoD S}oRIPUY - 00101

o auen- o0 [S00 snounumig- 086 :(109188) Buuiy 9dA | jeny
(1ezAjeue) ve poyiapy Q_Su_amﬂo € PouleI  :(euo josjes) Aq senjep se o
4 %) usbAxp
4| _ ‘(%) spixoiq uoquen

P 1504 A 8id  oeyD yesT oy .
B uy @\Nmm [ Rp——T T a3 s 9ld jOsYD Neey urey) ojdweg

O (unw) yibusT sy
€1 *SjUIod 8sJeAel] o Jaquinp jejo 13
T, Juiod Jad sajnuipy
b ‘Hod Jed sjulod jo Jaquiny

&. ‘psjduteg spod jo Jsquinn

A :adA ] Hog
) ("u seweIp) 8215 1Oy
Bl ("u)) yibue oy
qEIUT 2110k {(13j05) suElg oidwieg
Emm.am:zaa weaxsdn (sssjoweip ui) soueqinsig
. , stLL (14 'bs) easy jong
. m A .@ WPIM
- .

punoy Jo com_mwv adeyg jong

= Y (sqv 6 "w) ainsse.id on|4
5 ET = (0% "u) anssaiq opeyg
<€ Le BH “up) sunsseuy duewoseg
‘SNOLLIGN V.

N

{(109es) dmjes ure; L <
gae ~ (w) tojoweg 8jzzoN
A=Y ‘leuele Jour aqouy
7 97 (W) wbue 8oy
NS AusYe0) 8gn) joyy
J— @i 10ud
o6 ] -0j0e 4 UOREIgIED Jojoly
L ~wWF al Jorepy
:qj dway
Jeauibuz jse)

S BN UoNpue) eainog
AL 38T 5 W ‘uoneso jso |
R EY ] WO &m{l Jueld

< ««] ‘Auedwog

90 4 /i ®lequny T ..JW...A% "ON uny 3sa

e PN SN ‘SYILINVEVd 1831




yﬂ“ "ON uny 3591

SN oramimS  POuRI 5oL

Gz_._n:zdw O:.wz_v-ow_ ._.mme <._.<n_ ._.ww._. n_._m_nr ,

ey =o=muo._ Js9)

T,
EEr (| cegl/ | s755 PLsC 99 eeBe]) £
R e e /eni\ M Z A e
SO ,
kot (9
;ﬂ,.\J.@.ﬂw: R PR o1 £54ey
©oSi Lc| 18 €8 &4 §he | 56| ©) ROl oo 21 IO eV errel| - NS -
eS| Ll 8 553 /| She| cov Le 3] €5 [ oes & b VU gE [ oEs ]~ - \u
( [ So°5% = tho .
O] L[ 08 ¢S N | Ste Tie | 8OCT[ oo 5] Q% | o Lo eLI 0T NG oy
CS | /L] og e g /] | o atx Or = | EcIeEsTsae 277 LU LAtE o @
_ 7 .. 8L 13 BLLE ST o nm\
oGl g BU g { Lhe | ose | Teeg| Lo | e LssT\veeg g 7%= B2
S L| vL €S \ ghe| geg BHS| SRS RCOC] 5= Gz | ROTEITR T
w D o RGN LOLe Lo T
S| LL | gL << / € @zt O L Ls S [ -y oo -
< N Y4 s { Bhe| &< ﬁwh : ﬁml‘ Cry I~ ‘
S , SR 2T _, ~hao e
o5 LLl L S5 L Lre e [ &= 9o< 1T 9egol e *
o5 9L | Lo €S [ e [ gse RS | 2C T Seg
| LN T ph s _ S ege
'S AT S rs e Lre | (5¢ R ¥ TM 190 =2
eS| gt oL ~ess AN be S | 8¢ [ Sego 3
. o o o o o .o 9) w uh?_a W "oy
Eﬂﬁowr zw:o hs .asew. ®pA0 .a.w__ﬁ. N n_m_ﬁ . usww %w_.m_&, Witod sod oﬂumw. ! mﬁw u_wn_n_
dwing . 4eBudwy. | sapioy - | eqosg domg— | IsjoN ouinjop W | 830 | pesy -Moqg
oy ©oTlL o [ieoRasoayL | seyey | || remoy f - a_s_e,
(1) -dure] e | reopasony | v | .
Jojopy .
— = pywers
/ 40 1e8ys esienesy D2-Li-3 :erg _ prjz wwg & X

mﬁ »?ﬁ@?@d

42y

YUY/ Auedwog 4

‘weld




(B)im ey

"ON Jajiid

(6)im e "ON SjquiyL :S3LON ® SINIWNOD
‘NOLLO3TIO) 1dWVS

-JOI0 SED |RIMEN-0L8 1O 19NJ- 0616 10D .SIORIBUY - 0010}

‘Aqeyg woy pasouiey sidwes -~ feop epudr] - 0986 . 200 snoulwmig- 0826 :(109jes) Bulng adAL fend

:Aq paybie 199 IS (sozfjeue) ve poulsii  ejhdfesIO € POUIBN (a0 108j8s) Aq senjen seo

:AQ pelaaoosy siebuiduy — 2 (%) uebAXO

‘¢ peisneyxd 199 Bl z\. %) epixoig uoqied

‘0%H Jabuiduy jo uogduosag A 1s0d A aid B MosyD yea 10)d

o7 79 {6 w) ulen JslepA feloL BH Ui e [9) cen @ 150d me - @9d 309U Meo uel] ajdwes

¥(B) urep 1M eoNIS A ues Iz JeBuduwy S¢3€ (sqy BH "ul) aunssaid anj4

1(6) M ey eojiS :(Tw) 1M femuy Jobujduy Ol - (OPH "w) aunssaid onels

{B)  reud eong :(qw) I jeurd seBuduy = <€ LZ {(BH "ut) einssald ousLIoIey

‘NOILVNINIZ130 38N 1SION ‘SNOILIGNGD MOV1S

kg H{uw) yibuaisat :(109)es) dnjog uiel )

<\ ISJUID BSISARI] JO JOQUINN [B10) S I€ (") Jeyowelq 9)2ZZoN

Yo JJulod Jed sajnuiy oD L ‘[eusiely Jeui 8qoid

T ‘Hod Jad sjuiod jo JaquinN al (('y) ybua 8qoid

= ‘pajdwies s}od Jo JaquinN ~e JuspLs0D aqny 10)d

ZSow3 edAL Hod = Q1 10Ud

A (-l JojPWelp) ozig Hod 5oa | :Jojoe4 uoneiqie) JoBY

et 3("ut) ybua wod ) :al sl

[eoiisp Jo . :(10908) aue|d ojdwes vy :qy dwio )

D

weagsumog weagsdn  (siojoWeIp Ul) SOUBGINSIA

‘ 71202 (14 "bg) easy jong

os'gf Wupm
(y) so30WIRIQ S L LT «u) wbue

punoy o (Fejnbugoayy, :(109j9S) adeyg jong

e et teeterer e st

_— uesuibuy ise g
TSRO N :UCIIPUOCYD @2IN0S
m.w =2 &) _AATICY luoledotyise)

MNJJ WWSONT T 3y queld
<y

:Auedwon

90.47.F Beguny

- ON UMY 1881

QY Ay, @ I2MLND SUIIINVEVd 1S3l

&3

154




\xax./\f/\l/

[ oo o1 | | .55 @.w I €64l
St -
L )
\4/¢ ...w.. ni 7“4&'? L) i uﬁ»WAW«
= 181 2% & \ Skl Ler| ko r@ ¥ i 5. : Vo & T
'3 | I§] gg £S5 / Bhe | Lkr _oLg b eS| W %2 onel] o9
[ o . .Pmdm _ _ b et Lo 7
S S IRTeg s \ Lhel "awg | Coak O<'h } ’ Ve | &g IS RS
oS [og [ °8 <S \ A AL < . \UTTRET S =51
] ) ] o=Th 1 L] \\ro >/
G508 18 T £ / Lhe| oke| 82| b2 | h=@%] V@ 1 =& | Cvel e o
o’ 9&| ia TS { e g% 3% AR : AT oo ot
/ ~RE : Loel
s Li| o8 << ) Lrt | weg | @Feg | Ab % = ~eoel
'S EL] 08 TS / Lrg| ogg AL, TS| ss
B { _ Sha€ St
oS | ba] BT «< \_tre| F=R[ chee] Ton €€ | LR
oS | el| bL = / | 8rel 8% QL' RE | Okl
. Nl S M1 ‘ b il
A E RIS /_lert]| 3% | FIR To'k ces €0 =
Qs| gLl | @&C S VI T QRE r9E" LS e e
. o o o o o R _ w 3 (“A) ;
Eﬂ_u.h._> uau._o M_:_ .._Eﬂn_ﬁzzo .nﬂp.. ..nmo... M_Emw %:A__%, Wiiog seod njon: | (1ol om_._uw__ %%.o__,w ..N% g
duing . JeBujdwyy 48PIoH - | 8qoid |* yomg - dsjel suwinjop ; | o540 | - peayy o
g | TP, | IRORRIOBYYL | Jejely Kpoojep
(43) dwey | 2l e [edgesosy) | .
Jojopy .
(40 j90yS esiones) Sosli<%,  eeg LA

SUPROC .,v.w&f?ﬁvlww _...w‘&w.ml, Juejy

. xwﬁx .O,Z unyj 1s9 1N
QITAY ot LND  POYIep 3se
ONIdWVS JLLINIIOSI - 133HS ViV 1831 q1aid. -




Sb92'0 (6) m 8l LS ON ol
(6) 8L "ON B|quuIy].
‘NOILO3T10D ITdINVYS

:Aq 8} wouy parowey sjdweg

:Aq payBlom |89 eollis

:Aq pa1anooay siebuldw)

-{psisneyx3 [po eolis

*O°H Jebuidwy jo uonduoseq
(B/1w) utes sejep 1BIOL
((qw) uies I Jebuidwy
T L4579 (qw) m ey seBuiduy
T 9oRT7 (W) IM feurd seBuidw
‘NOLLVNIWY3 L3a JUNLSION

°818
:(B) uies I eoiis
:(B) I 1emiuy eanig
{(B) i leuld eolis

. R A
msw. )\i =™

A

‘S31ON ® SINIWNOD

-0  seO jeimeN- L8 IO 1end- 0616  [B0D SjoBIgUY - 00LOL
[2OD aNUBIT - 0986 1BOD SNOUIWNYIG- 08/6 :(10819g) Bupi4 odA ] Jong

(1ozAjeue) ve poyrely  8juA4ABSIO € pously ((suo 109[98) A sanjeA seo
/ (%) uebAxp

2/ (%) epixoiq uogien

7 }sod A1 8ld 99YD MesT j0)d

BH "ui \A\Q © Cagrisod T 5007 :ald yoeyd yeeq ulel) a|dweg

{(sqy BH "ur) aunssald enj4

Ii= '(O%H "w) sunssald oneys
n:gm {(BH “w) sunssaud ouyswoleg
‘SNOLLIONOD MOV1S

o] (uiw) yibusise .

| Isjulod osienel] jo Jequiny |e1o]

o~ ‘Jujod Jod sanuipy

-’

| ‘Hod Jad sjulod jo JaquinN

\ :pe|dwes spod jo JaquinN

/.\mc«E :2dA] pod
Wk {("ul Jejewelp) ozis Hog
{("ur) ybue pod
@ 10 |ejuoZIIoH ‘(109j9s) aue|q s|dweg
wealsumoq weansdn  (sielowelp u) soueqin)siq
aoy '(3d 'bg) eaty yong

ey W) upm

) Jeeweld T 5y (y) wbuen

punoy Lo@ :(yoejes) adeys 1ong

:(109|9s) dnjog ules |

lLr’ (") Jejowelq 8)ZZON
ﬂ.«&m ‘leusle Jaur 8qold
, 97 {('W) wbue aqoud
ah g JUBIPB0D 8gny J0Md
yIeo0  :dliond

9LL7 :Jojoe4 uopeuqie) Jele
Luwisg :al 91

Coas :qf dwa |

2.0 ussulbugise]

Y=oy uoipuo) 801nog

THOO JSF 9 TV uopesoTise)
el Qisw?o.w ‘ueld

A .wq ‘Auedwon

20 /97 & @req uny B oNunyisel

‘SHIIINVYVYd 1S3TL

156



| O] 1 £h So7 R A R R S 7ok s 8 v S U
Al ST 99 Ly, 17 el 1o g 1597 | < 5 [ e | Fo S 3‘_.. S M., R L
A (S| §9 Bk 157 3T 1<% 28l [s97 ] eis [ RS Q.\& nt’ %. T
4 25 29 _u_J \*\\,\Q VM.M. ey i 597 QM\M.\.. 1Y : %\m ) T. 5 { chol |17
b S /g lh S5 kg (S0t i£9°7 o5 st ADM }M\ . ., s L
b| Ss| /9 £ A5 Loy 182450 V591 em\? ?w,. m:c& YR onm_ i &
| s o9 2% 57 LYol meyr | 139 | ofer [ Ine ?.\M hi' | <5 e
bH| e8] o9 Lh 57 ks | 4770q] sq 7 | eisT | ohe bo'y,q ¢M e QM\ o
w HM., MW ww \M\MM «MM \WM WQ 197 | eg st | LhS Is%q| he' op \ca\\ M\\
. } i ’ i +
\w b | °9 h S5z zw o1 .\M WN M M\“ :M:w ! ww ;$ w; . Mm ; TR
\N h5| 7 % A5 3y 1758 1597 | 075" [ Lms'| =% ;.% m“ g ow, |
7 w\%\. Ls St L7 3% Va8 .57 1Sa7z | s (s \M%.\Q. het <os M.M& M\
R i i U R
- - S vl lsq'z | esst| hs 15+ h(! Yoe ]
\M M\% MW Gk KA E) Rt (h bigz | 2257 955! be .MNM .MM. AMM. “\.MM «
v.w by sz Y17 | boo'Shl higz [35e | an | loTal oy G ;
b 2 5 Sz 2| o RE| ko7 7 | 355 | a5 \M;w \ g = m
\Q L5 8.5 “_d A52 55 hoq'Ly N4 Wm.\b\\ é\\\ﬁ.\\ Y} MM. 7 _. \.Q.F {
b | LT hiy 557 213 bR 98| huoz | R59 | ass e L 3! L «\
/- af | 9.5 b S5z L35 | Arzrpe| Ruaiz| wmm.u, 958 | a7 ,NM 7 RN N
M w_m \MQ Mw \«Mq (T2 | hesus| FE9 7 [ Bor [ass }\?\w YL m \Mvw \m
= %% = ~ 2 AT | h8'87] b9z | 83| 9557 | vl e | e o),
B h LS5z A | | heaz]| s lare ssi ' 5 7
T B Ry 5 n 20 | HON | BN [ wp e | S5 L g ]
c.m::om> RNO | Ul | "dwey pno | -dwsy dwaj wE:.o> u_.m_o."_ Jod mumm . .mm AR O°H "ul oL ON
wng J9Buidwy | epjoy ¥oelg Ja)ol ‘awinjop T Hbs | swnjop (Ho) (d0) #0010 | juoy
e ._m:_"_; e o |eanaloay | LTI R4y _%Mé oo a_umm: Hod
oo K : . feonaloayy foo1sA
- . : n'z
| 407 ] 198yg asienrl) el s
\Q\\WI ale(] | 47400 43 9 {- v/ luoyeooT ise |

Q@ 'ON umyise]
[7Q ‘POUIsiy 1se | .
ONITdINVS 0_._.mz,._v_0m_ = LIITFHS Viva H.wm._.. al3id

A9 T q) 80 OU!ucm_n_
A uq Aledwon

157




(B) M auey, "ON Ja)lid
(6) I 2ae "ON 8jquiiy |
:NOLLO3T10D T1dNVS

:Aq ey woyy parowsy sjduwes

:Aq paybiom 189 eoNIS

:Aq paisnooay siebuidu)

-(pajsneyxy [e9 eollis

‘0% Jeburdwy) jo uopdioss(

s -7 LY

7

2
J887 )

hoy ‘S31LON 2 SINIJWNOD

-48UI0  seD [eimeN-0L/8 'O 19n4- 0616 1B0D S|oeIYUY ~ 00101
1BOD S}UBIT - 0986 180D SnoulLn)ig- 08/6 :(}osjeg) Bulg 8dA) jony

(19zAjeue) yg poyrepy 8jh4/es10 € poylely :(suo 108/88) Aq sanjep seo
[ (%) uabAxp

1/ (%) ®pixoiq uoqie)

A isod A ald /YD Mea J01d

YL mm {(B/1w) uies seyepn fejo BH -ul \\\Q\ © agn’ys0d  £997 iaud HjosyD yee ued) ajdweg

:(6) uleo M\ eolis (qw) uies) w seburdw) (sqy BH "u) aunsseid onjy
(Bl UL BAIS T ggee () 3M femuy JeBuiduwy /] - {O%H "u) ainssaiq opeyg
(6) M feurd eolig HERes (W) M [euly seBuidwy 97" %7y {(BH "w) sunssaud oujawoleg
‘NOLLYNINY313a FINISION ‘SNOLLIANOD MOV1S

o7l (uiw) ybueisa) ‘(yosjes) dmeg uresy

| -SIUI0d 8sJoARI] JO JBQUINN [ej0 ] (171 }("w) Jeyowel BjZZON

5 ‘Julod Jod seynuipy X a1 xQ\ ‘lelgle\ Jaui] 9qoly

_ :Hod Jad sjulod jo JequinN Lo/ :("y) wbua eqouy

i ‘pajduwies spod o Jaquiny OhY] JusIPe0) agny. 10d

o 7= :adA] pog TPLET :al 100g

Lk (Ul ;ejowelp) 8z1g Lod YLy -iojoe uonelqie) Jeyepy

:("w) ybus poy AR dl 1o

lo [ejuozioH :(10s)os) suelq 8jdweg Ly ) gl dwe |

weassumoq wesJisdn  (sJsjewelp ur) eoueqInysiq EIS Jsauibug yse |
a9 (14 'bg) eauy 1ong Y~~337/ :uonIpuo) 89Inog

G ) weim A0 J5T 5 FIUA :uopeso ise)

‘() Jop0Welg JMI_EV pbua Ho L7 Jueld

punoy Jo é ‘(1osjes) adeyg 1onQ

&mﬁ :Auedwon

@Q\w\\ml :e)eq uny % "ON uny 391

‘SHILINVYEVd ISTL

158




Y IREY “h3 957 Gty
| sa | of A5 S57 752 | ehf | Nlhrey| 2T [hps | Whsy| S ° ) sy | b
b | _<q oy _ 25 57 Sz ohe T sl ey bhe et S | ergj | 41
L 59 <z 85 | sz | S| ehs | 2ia%n)| Il | har £9'8h)| S P ZAEE
Bl 59 Y a9_& LLq | £ b5s| ey my| L1 | hhs hoven | sL7 o5 1 o/l | 11
bl A9 Y, s 557 Pars Chy 2TUSh| 27l 'T N MYeE Bgng| ! X _\3: Ve
bl ho | L9 55 S| 982 ke | 2wkl 2L | bR oh tenf| yL af asg) | bl
Lkl Lol 19 s S5 soz| BTs ] Al 27 | b eyl se e’ S5 | %
bl b9 | Lo £ ST7| srz| & | T =wip kR | dhe | To gy | SU | o7 ] o R
L bol| Lo S5 S52 | SIS ToSag)| U2 [hhse | Lhst| 15024 At ’ Cii | | 9
Ll 59 Lo b5 £57 | <S57 875 | o9 'Lyl 27207 | hBase Ans | 83t ¢ eg! enz| | 7
Al 79 87 S5 S5 | 97| beg | Ayar| 22l | bhyo Zhs [ ggeanl| - o¢" Al | by
Ll $9 1 29 o | esz | Sz Lsg | muwa| =2l | e (s “tngl| S og! ei7) | %/
L 29 £9 hs Ls- £S5z Lss 1N et (s | s SHETEPIE ay’ £17] )
Ll 29 | 7 5 557 S5t | epg | TXEURM| 70T |Fhs | 165 oLslyl s UL
L 29 Z9 I Ss7 957 ohy Qeo'gll| ¥2L7Z | Bhg ths” 194qy| ¢! o5 A1) &F
H 9| ¢t 2.5 o h57 LTT sy U7 | bR | ens 82| s og! o b
| 19| 929 AT S5 757 brg | 235790 2307 | bhs' [ Lhs | ssiol] 500 ey AU
Ll 79 | 29 '3 S5z Ss7 ons 278'toll L7 | Gurr | T 28a)| _sc° oy el | {
W, ) 99 Pty L2 5z . Q}M. 289" fa T 7 hho! Chy e)'sop| <Lt <g! v 9
Iy o9 $9 LS g 72| ers | ess't0l| 217002 Yot [ ¢hr | 95 20| < oyt o1
1 es| 59 RS £57 157 *hs | 209" Ly | 22l hhs'| ther| Tty | s | o5 Shil | h
L 45| §9 b 9.572 {7 Lss 28 9| 2’7 | kbt | Lns| 389L] ST g e | 5
T b | Ly | 79 25 °77 | hiy 55 | st hp| %oz | Frer [ 855 Utep| 90 b7 S| 1
L 5| 19 1.5 957 ¢ bz 85 | _—1 at9 7 PN AR B T el |
BH-u | do do 4o 4o 4o 460 | HEA H (A wyo d0 | H(“A) [O*Hu|o®H'w | suny | -oy
wnnoep [19AN0 | IBIUl | ‘dweyjepno | “dwey | ‘dwey | due L swnjop julod ted ajey ‘ubg | swnjop | (HO) (do) ¥20[0 | julog
dwnyg JaBuidwyy 19pIOH | 8qold | yopjg 1910 swnjop Jsjoy ooy | @o4uQ | peey -Hog
: 193414 leanalosy ) 1919y hbbt Tenjoy Rioojep
(9) "dway jeanasoay] 151
1819y L
P jo }9ayg esionel) 99/%/s ®ked +9499 Jdsp o9 3+u/) [UoneooTise)
| @ ONUNHIsel i 775 S\,_\KE% quely
\\@ - PoYPBnIsel

'ONITdIWVS OLLINIMOS! - 133HS V.VA LSTL aTa1d

J «u:m Auedwon

159

O g X



(B)im aue]
(6) im sseL

" "ON Jailld
| "ON SjquiyL
"NOILOS T10D 3 1dWVS

:Age)s woy pasouwey m_aE.mm
:Aq paybiep 199 eollis

:Aq pesoaooay siebuiduwig
:¢pajsneyxy oo edllis

0% Jebuiduy jo uogduossq
(Bw) ueo Jejep [BI0L
() uie I Jebuiduy
() IM ey seBujdw
(w) m feuty Jebudwy
‘NOILVNIWS3 130 39nN1SION

07 ‘0f)

:(6) ulen 1m eois
. 4B)m en eoyis
-~ (B) I |euid eais

ﬂ\ﬂ?.ﬂ\\..ws T \ﬂm.m HW\«.

- -

Sap' T as - Wy

‘S3.1ON 27 SINFWNOD

-19[O 'SED [BIMEN- 0128 O IeNd- 0616 1800 BOBIIUY - 00LOL

. - 1eon eyubr1- 0986 . [BOD SNOUIWIMIE- 086 {(9jeg) Buug adA} jangd
(1ozfjeu) ve poutoly  ejuAdfesIO € PoulBN (8o Josjes) Aq senjep seo

/ (%) ueBAxo
=) {%) epixoiq uogied
1s0d . aid . DpsyD esT joNd

Thoieid j0eyD yea uel] sidues
(sqy BH "u1) 8inssald onj4
= {(O%H "up) ainssald onels
<2b7 (BH -ut) eunsseig oljewodeg
*SNOILIGNOD MOV 1S

7
BH -ui 5Je) ©® Fo7iysod

o7z) (uiw) ybueyisal

| ISJUod 8sieARi] JO JoquInp ejoL

K3 ;Juiod Jed sspnuiny

] :Hod Jad sjuiod jo Jaquinn

} ‘pejdwies spHod JO Jequuinn

o w 1o adA} pod

. - (ul se1eWwelp) az2ig Hod

| B , (1) yibua pod

LW9A® 10 [ejuozioH :(3o0jes) aueld ajdwes

weassumoq wesnsdn  (siejewelp ul) soueqinsiq

' PYeX) {14 "bg) easy Jong
of W) uPm
(y) Joroweig S7 (y) wbuar

nufm@ Jo Jenbuepsy :(10ejes) edeygs 1ong

:(109)e8) dnjeg welj

Ity ("ur) Jejowerq ojzzoN
RIS oﬁ [euSe JBUIT 870Id
ol ('y) yibua aqoud

e hy Jusioyls0) aqny 10)d
Voo ‘at 105d

TL 5" :Jojoe4 uoneiqieD Jojep
bveu  QHBIBW

vaao Qi dwey

R-< desuibuzisa)

V"W 3o/ [UORIPUOYD 80IN0S

YO0 Js3 9 FH +iun (UOREI0T IS
o ooy Jueld

mwd. :Auedwio)

90/c/ /4 ‘@eguny b4 ON UnYjsol

160




, | e Lv3 39 , - <0]
FE ix b¢ 297 w744 L3 R} Lez 2 af | 85 vews| ¥ | WC | el |1
= | A Ba Ly Yy, asf i3 bi'sgl &o3 7 TES B2 87719 23] AT cqp [
5 | 9% | ix YR atq 113 Usrag| Laf'7 | Tgs | 157| B I Ao XHRE
_5 9h | /5 L5 | ca7 oSy | Lol iy (87 | 1ys | ggct <IN NSE Shy | 11
5| 95 5 L3 °37 U~ 15 Lor'p, (87 | igca | 8 Ob'hy| 3’ h{! 2 01
| 9, L5 I¥s 997 a7 its toyiz( (8T e | g45° or'ng| 30 | Ag? i b
| o5 /5 lr o097 ar? /15 L91'bg (22’? | 17 G350 o0 18 | Ay <y, 41
R L5 ¢ °97 55 Ko LS9 tax:7 | 195 [Fg35 @9 €% | K 51, u
=0 It /5 iy | og97. 1570 255 Llg'sq Loy ‘7 | 195 | gsc al’sg| 19 k! X7 4
| 5 85 | 2972 asz s UGl fag7 | /g5t | Tne (8'99] €9 | heo S, | o
5| | ts 97 sy W I (w7 | e | a0 | La'ds] (a4 el | by
5| A /5 41 77 Cafz /¢y A5 s togiz | 195 | i35 4= el (90| pr - sop | U
T A /T Lg 297 a7 | LSS <ag 7 | T | 550 ISl (g0 | k¢ sol, |
| hy Ly (5] 2z asz K5 G-y, cag 7 | 1FT | S | gx K o3 0
S| hh s 25 °97 a7 an L4y 9, o8t | 125 | D85 gbap| <87 [ heo A
s | A4 s 25 °97 atz ey (22 hy €087 | 1957 gas? $rmn| (27 Ly SRy | b
= | k| s 85 <97 ase /T8 190 1| Loz |ias 5] Yy 87| e hg | 3
5 h Sy (o5 °977 sz °Tg | PS8 log 7 | 195 35 ¢9'8g €3] Lgo 59 | ¢
s | th IR ¢ | ea7 ST S| 9 sE[ lag | Tas | Tere helss| €87 | hsi <ig | 9
S 24 £y 71 7 L7 ] LRC'§¢ 228'7 | 195" s45°1 hasgg| gy g s | r
B EIEN s o9 B E728 | L7 e Cog'2 | Va5 | £95° | S2i05| <8' | hy: @73 | b
2 2l | <) be 97 7 52¢ | hes ¢z Lo8°7 195 785 Cyez| €81 Rye 581 5
o | 26 | T lig @97 <7 329 Cs51'h7 U7 | shS | 5 xowz[ 2L 2e i3 | 2
e SH D ° 97 Qa7 7% | St | Shy [ Fiv [ eeg] g1 <24’ sog | |
BY ui EN do . do do- do | o (%) M (BA) H(A) uo  f - H (A | OH U 0% U | ewny ON
wnnoep [19BN0 | 301Ul | ‘dwa] jopno | ‘dwio) ‘dway | dwey swinjop jutod sed ajey awnjoA | (HO) (dm %9019 | julog
dwng Jafurdwy 19PIOH | 8qold | yopjg Jajop swinjoA isjap 19j0y | @2ynp | pesy -}og
19414 [eanaloay | 19189 < ap’ enpy | Rioojap
(*3) "dway . leagaloayy |- , skl
Jojel .
/ 107 j00yg esionel] 90/¢,,5. erq

i

R

O

ONITdWVS DILANDOSI - 133HS VIVa is3lL alaid

"ON Uny §se )
‘poylsy 1sa

" Woe Js3 9 F:un :uojesoise)

i O TAATTG

Juejd

o,uq ‘Auedwon

161




(6)  sue ) "ON Jeyid”
(6) melel "ON 8jquiiyL
'NOILD3T10D T 1dNVS

:Aq paybisp 199 eoilis

:Aq pasonooay siabuldw)

:¢pajsneyxd joo eolis

”ONI Jabuidw) jo uonduossg
N {(Bw) ues Jsiep BI0L

:(B) uies I eolis ) ..: (Tw) uten I JebBuidwyy
(B) M BHUI OIS T Tgogh (W) 1M femu) JeBuidw
(B)m feudeoS T Lu8ih (W) im feuty seBuidw
‘NOILVNINY313d S9NLSION

:Aq 9)IS woyy panowsy ejdueg ..
. (4ezhjeue) yg pourey

‘S31ON ? SINIWNOD

-I8y0  seD [eINIEN- 018 IO 19N~ 0616  [E0D SIDENBUY - 00L0L
[20D sjubl - 0986 [e0Q snouwnyig- 0826 :()09j8S) Buli4 adA] jeng
‘(eu0 10918s) Aq senjeA seq)
(%) usbAxQ

(%) @pixoiq uoque)

e isod A 8ld 08YD HeeT joid

BH ‘ure \n@ i © gew 150d " g - £2:81d HPBYD e uel) m_aEmm >
Ce3? ‘(say BH "uy) ainssaud m:_u_o

SR e (O%H ") aunssaid onelS

\m, [ fm (BH "u1) ainssaud dljewoleg

*SNOILIGNOD JIQV1S

(Ui) ybueT 1501

{ 'SJUl0d 9SI9ARI] JO JaquInN |10 |

‘Julod Jad sejnuipy

‘Hod Jad sjuiod 40 JequinN

=
&@w ‘pajdwes spod Jo JaquinN

:adA] nod

s {("ur ;oppwelp) 9218 Hod

(") ybuey oy
|eoIuBA ‘(yooles) aueld ajdweg

Wea.sumMo(]

weensdn

. (s1s1owelp ui) eoueqIn}sIg

s AN
oS EH

(W) wpm
'(y) wbus
:(1o918s) adeyg-jong

{(y) Jejewelg
punoy o

(14 "bg) eauy Jong .

:(3oo)08) Q_,‘_,_H,.m,w”c_mh 1
2 % - y :(up) _QmEm_n_ m_NNoz

vOIA3 L ‘leriele _mc_:_ agold
O ('y) wbue eqoug
N JUBIDIZB0D eqny 10id

o -arond|
00 | :jojoe4 uoneuqie) Jeys
L~V al e
o™y Q) dws
@v . Jssulbug jsa )
NaaRod :UoIIIPUOYD 82IN0g
I3~ JdS3 9 AV~ luopedoise)
T (NSNS J3V Jueld

:Auedwod

~ VY

Do~Si=F 9eauny

A= ON UNY 1SO

‘SY3LINVHEVYd 1S3

162



=iV N [ 8ers sro L] (Ler Ty
== | _ —— = [N\ =" | —
- 7 TE-as
{ Ss2°L9)
/
N e
, ) | 5812l ] @< SRLo
os| L |%% LS / | Lre|Sos] [eSCU 3579 [ 13" [Tel | 18X [al1| st | scevo| o=
o's| 9| L% ) L Lne| e i< LYo oS | Lo el (T St | ocvo| 1~
\ B ESE : . O% o€
'S SL| 9@ =3 J | are] O] <h'hiV| LT'9 [ =g [god |[GhRIT| &L
O's| gL] 5% | .S 7 Yee| Sige| he"s | 1Lt [ees [ 5o 5al )¢
\ , roLail : o “kal
o] (L] w2 { s N “re| QS| Lol £S5 R s [ 187207 1V
o's| ot ] €2 S 7/ FEL | €€ 5.% Ll | 99| OL (5] S
{ | 9 | ST L[
ag'slac] B = N\ | ThE] TTES| Qi TE| €55 | S
08| 891 gL (s TSRS e LS 051
{ _ T2 9% 8-
eS| 77 Ak (< \ [ TFe] e9< | b3 o8| RS 9B e
os | 39 S (= ) T are| A< S LoSL| 1€
QLo 14 S L | 8he| o9&| LRhol| heS | 5| hh-oL | 3e
QS| (9] LY | S W] bR e9g | abL-S.- _ KAl
m_-—/ ut E R do do do u_o do Amﬂv nt, AE>V mt. AE>V ONIC_ |
innoep [39BN0 | 38iul | -dway jepno | -dwey dway | dwe) awnjop juiod Jed (HO) -
dwng Jobuidwy | seploH | eqoid | yoejg 1oj0ly awinjop .._ 924110
o34 , Jesnasoay) J0)ol \ : _mEo< S
(#y) "dwiay reogasosyy | L& @'h
JajalN : V
S g X -
[ 0 | 198yg esienel) . Spaxi-g ®Ed L..QJ ?u;l &WJ & Y.i/;) co_«moo._ 18}
|t ONUnMiyssl o:,vﬁwaoU ¢ ba? Em_n_ ,.
) Qﬁ.ﬁaw L€~ POUBIIsaL iy | A
: wz_._n_s_e.w OLLANDIOSI - 133HS V1Va 1§31 o._m_"_




(B) m 2uey
(B) M sse

"ON Joyid
"ON 8jquiy
‘NOILD3T10D T1dNVS

:Aq 8)ig woyy panrowey sjdwes

:Aq payblem 1o eallig

:Aq patanooey siebuidwij

1¢pajSneyxy 99 eoljig

:O%H Jebuidwy jo uopduoseq

Fxm\._cc ueo Jejep fejo

‘S31ON 8 SINIWWNOD

-JOUI0  SED [BINEN-0LL8 N0 19Nd- 0616  1BOD SHOBIYUY - 00L0L
1B0D SHubIT - 0986 120D snouiwnyg- 0826 :(399]9S) Bul4 adAL jong

(18zAleue) yg poylepy A4 aesiO € uo%m@ '(au0 Jo8)0s) Aq SeneA seo
9 (%) usbixo
. Z1 (%) @pixolq uogIen
180 ald o8yD eaT o)
e d Vs #984D MeeT jold
BH W Q.\o, ® oo -oisod 00 0 8id Ho8yQ eeT uel] sjdweg

(B) ureo 1w eols {(Jw) ues I sebuidw (e o
(6) I e eolis 1(TW) 1 feniuy JeBuiduwy T
(6) M [euid eoliS (W) 1M Jeuiq sebuidw S bT
‘NOLLVNIWY3130 3JN1SION
ot ‘(unw) ybueise :(y0918s) dmyog uies |
=1 ‘SJulod 8sJeAel] JO JOqUINN |Bj0 | =T :("un) sepoWRIq BjZZON
\.nw. L ‘Jul0d sad saynuiy vor a3 L, Jfelsle Jaul] 8qold
© ‘Hod Jad sjulod jo JequinN , o1 ('y) wbue aqouy
nq :pajdwies spod jo sequinN e - ;JuLIdIe0) aqny jolg
29 ot :29dA1 yod — :al jond
. :("ur Jeyowelp) szig 1oy YN -10j0B 4 UOhRIqIRD JBjB|\
{("ur) ybue pog Lom Ay K[ RISETI
feoop o ‘(yosjes) auelq a)dweg L-wWD Q1 dwe
T weahsumog weaynsdn  (sieowerp uj) souequnisig %__@l Jsaubuy ise
Sq)1'zL (14 "bg) easy jong Jg&w =WV  :uonpuod sainog
oSl ) uem AIINE 4ST 9 1 N(Y iuohesoTise)
T (W) sspewrg ¢ ULT () ybue VVSAINED U Ay Jueld

punoy 10 % :(109)8s) adeyg 1onq

vy :Auedwion

) o-sr-g. SBA UNY - ® "ON uny s8]

T g2 vy 'SYIIINvVYVd 1531

viva, 53

164




[FRST (o0 LR |

)
Q
Qi
|/

N | /&v\v
7T LETQ -
z Lok Lo
/
)T 9T°gal | €% ol 52
'S 1¥ | e & RS « L€ QiLb| T | 8" [ | gl-lb| S ST | SLwer] =
Gls | e g ) \ L1 2w SNS | SUTeEST AW STV (| aret| 19 \\
j sS1b SSTk bR [a© .~
o5 7] r3 P S / Lre 02 s | €9 | S8 ooy oegglagl] I [See| € | 7
S| of| TP = \ LRe Shis | €L Joes [TE W ST Tom [ he&¥ -5 >
\ ) F9 5T Ratl ecal - oy
0S| e8| 13 | / e ho hL] oY’ s | o[ t& [ RoRL|OR T | ssell e -
o's| OB (2. S A e @5 | Ll LSS 5189 SS\ [R'| Got| - 9
u \ X0 G o _ La¥i ﬁ%um
Qs | Vi oy = / Lt O% LS C9) L'y BRI Gt s [ . Le | siushi| =~ | -
XIS LT o8 K= [ Lrel IS Les |- L GRS |- G Qs oL | ~esi| i~ T
\ | LU 1<) I B e T 15T A9
Q'S | b& | bl e | | 8kC] R92 | FgoS| W% LU LSS | BBes| gon| T2 [Sehil] ©- |
o'& | eC | Lo = / ohT| =22 US| L : ) gel| beT| 9] €|
N - LSk [ : o sen mo\\
o S| el | aC [ o T o ere o9 MEE| =TT e | O3] V] seen| v- |
Q.S | @L-| B LS 1] 2re| e3¢ L2 S| st | aeWi| « -\
TR do do do do do 4o (%3) M (“A) HEN ] O%H "ut | 0% "ul | owyy "ON
wnnoep [ I¥BNO | 9JUl | "dwapjepno| -dwe) | -dwey dwaj swnjoA julod Jod ajey oA | (HO) | (do) ¥90[9 | 3julod
| dwing - JeBuiduy 19pIoH | ®qoid | yoeyg 1910l SwnjoA 1019y . 9J8N | @910 | pesH
oy | [eopesosy) | Jejely X 1 jenjoy R1oojop
(v3) *dwa) feonasoayy | \h\ : Cr.ﬁ
J019IN ; .
/ JO | 198Us esleei] H-L =% 8eq - LA R 3% A ) A0y iuojeooTse)

‘mfﬂv ON UNy 3891

ONIIdNVS JLLANIMOSI - L133HS <._.<D_._.wm_._. n_m_,m:u_

PN ANGIVT) T d Ay aueld
I :Auedwiop




ORIV Y11} "ON Jajig
(6) 1 aue L "ON 8jquiiyL "S31O0N ¥ SINIWNOD
:NOLLO3T109D FIdINVS

S9UI0  SeO jeiMBN- 0148 IO 18Nd- 0616 |ROD SY0BIYUY - 00LOL

:Aq 8)Ig woy panrowey s|dweg leoD aubIT - 0986 60 snounig- 0826 :(308feS) Bull adA ) jeny

:Aq paubiapn 199 eong (4ozAeue) yg poulsy 1uAdesIO ¢ pouisTyy :(auo os|9s) Aq senjep seo

:Aq palanooey siebBuidw . & (%) uabAxp

‘¢ pajsneyxy oo eolig ¢| (%) epixolq uogie)

‘0%H Jebuidw jo uonduoseq A 1sod n_\ ald 98YD Mea 10)id

S 'S0/ (6/7w) uies sl [B1I0L BH “ul 3%%._ © o 150d @a e 0ld HMoeyD deo ulel] ojdweg

:(6) ures 1\ eonis (qw) ues 1 Jebuidw Le et (sqv BH "ur) aunssaid enj4
(6) 1w leiu; eONIS () 1M ey seBuidw =R (O°H "w) aunssaid oneis
{(B) 1M [eUL BOIS (W) I jeul seburduy) St ve (BH “w) aunssald ouewoleg
‘NOILVNINY313a UNLSIONW ‘SNOLLIGNOD MOV1S

ak (uw) ybus 1se | ‘(100jes) dnjeg ules

T ‘SJUI0d @sJeARl] JO JoqUINN |B10 L 2lE - ("u) Jeyewelq ojzzoN

= ‘Juiod tad sejnuipy voriAE L ‘[eisiey Jau] aqold

© ‘Hod Jad sjuiod Jo JaquinN )] '('y) ybus eqoug
) ‘pejdwes spod jo Jequiny WE - Jusioeo) agny joud|

Ay :9dA1 pod — ‘Al joud

WP . :("u se1oWIRIP) BZIG LOd 00 :Jojoe4 uonelqie) Jee

X {(ur) yibua wogd L=t 3 -al Jeen

[eoluap 4o [eJuo?] : :(109j98) aue|d s|dweg Lo ~wg :q) dwa ]
wessisumo( weansdn  (sisjowelp uy) eoueqinsiqg ‘ ,\ﬁw: Jeauibuz ise ]
St H (14 "bg) eauy jonQg YA O N :uonipuog aainog

, oS¢ (1) wpIm AFWE AT 9y A htN(Y) iuopesonyse)

{(u) Jejowelg »L | (4) wbue FYNNSINTTY Ay Jueid

punoy o Cm_:mmﬁomw :(109j9s) adeyg 1onQ

i&«( “Auedwion

S0 St-T 8leg uny mum% ‘ON Uny jsat

= 7 1220 awlayy

‘SYILINVAEVd 1STL

166




< T& ONunyissy
€ nqs.rd\@ 5C-W poylen Ise

- ONITdINVS JILINIOSI - ._.wme <._.<n_ ._.mm._. Q._m__n_

Bl

= =N : T LT
co1s8 V N\M.N.AMM\\ TJTW \lﬁrO.rmv. \.VJ_..&T; J
AN g o =2 i —
\aﬂmw/ Ve -
( SOhL9)
)
[ |
o | 98l QEL
os| 98| @8 L _/ Jlwe ] Lot | (S<Tl]| 529 9 | Seht
o] 3g] 28 he L [ik=] b rm.\w S seL
B Y Sveel : WL
oS 9g | (@ h= - gt | 0% | 08 18l <9 AT 5HeL
oS 9% LS h= N\ LhT | ¢ LS ce: T
o5 | S8 98 hs N | BFE T ORS[ 99°011| o955 | @€ | soll
oSl s | 23 s 4 L] Tes bs o JT° | ot
2S|bws | S8 hs \ ocv | ebgL| LS 0T | shs
o's| hd |58 S o DmM.. B 1 b’'S e | Lpal
, T S L&l A1
oo | pa| rg h=s e d@m [ELE| oS BT [sage)
o's| e8| 2 s 7 She | BT _bes ST lgal
N B L8 0T N
Q.S | Egl¥H hs ’ Bhe| IVS| oL 'SL| L9 b s Tean
0S| 2|3 hS YN | 8re | €<k Le S wshol ] s[5
BH "u do 3o Jo do 4o 4o (53) nt. AE>V nt. AE>V : ’ nt AE>V L 11 O% 'ur | euwny
wnnoep [ IBBNO | 39|U] | "dwey jepnpo | dwey | ‘dwey dwaj awnjop Jutod t8d ajey ‘ubg " | ewnjop (d) %2019
“duwing doBuidwy. | JseploH | egoid | yorg iojel SWINIOA | Jolel | .~ |. usjepy | eouuo peay
EDE leonososy) | Jojel = . [enjoy Ro0j0p
(“y) "dway E ieajoiony) YR .
o i Lb°h
[ 4071 Josyg osJsonel | Pro~ci-% .;mumn_ \w,«l%

LN Awwq 9 LU :uojesose]

9// NASANG -4 A dueld

ﬂx& W\ ‘Auedwon




955 0 (B)merel S8 oNJenid
(6) M aueL "ON Sjquiiy L
*NOILD3TI0D T1dINVS

:Aq a)ig woyy parowsy sjdweg

o2 779
srg'y 2 o5 7

\\
bin] =Y 518 =%

‘S31ON ® SINTFWNOD

-19YI0  SED [BINJEN-0LL8 11O [9Nd- 0616 (20D S}ORILUY - 0040}
120D o)ubIT - 0986  [eoQ snouwnyg- 0826 :(39919S) Bupi4 odA| jen4

:Aq paybiapn 199 eollis (19zAjeue) yg poyley  SA4ABSIO € POYlB :(Buo 109j8s) Aq san|eA seo).
:Aq paianoosy siebuidwj { (%) UabAXQ .
ppejsneyxy e eollls 7] (%) epixoig coemo ’
:O%H Jebuidwy jo uogduossq \, 1s0d A ald 3o8yo desT 101d
Y'Y \ \\ {(B/w) uies) Jeepn fe10) BH U | \ of® oW usod T ro0 eid »osy) yee ulel] sidwes
(Byueoimedns T el () ues _omc_aE_ ‘(sqy BH u1) aunssaid en|y
}(B) I feniu) eois "FYIST (W) IM feu JeBuidw) al - (O%H "ur) aunssaid ones
(B) i 1eu4 BONIS (W) 1M feury Jebuidwy ST {(BH "u) ainssalg dlpswoleg
‘NOLLVNIN¥I13Q FUNLSION ‘SNOILIANOD MOVLS
e, A(uiw) ybuseisey :(308)0s) dnjag ules|
| ‘Sjulod 8SleAe ] Jo Jaquin [Bjo ] (7§ ("ur) JeyeweIq ojzZON
R ‘Julod Jod seynuipy X @ ‘lele)ey Jaul aqold
~ ‘104 1ad sjulod Jo Jequiny , @7 ("y) uibue aqold
\ :pa|dwes suod jo Jequinn <H8" Jusioe0) agny jolid
dﬂacdm :8dA} 1oy PR :al 101d
s ("u1 JeyBWelp) 8IS 1od .:LU\ :iojoe4 uofeigye) I1eleN
{("up) ybue pod Lwo Al sl
@ 10 [ejuoziIoH :(yosj88) aue|d sjdweg Lwo al dwa
weagsumoq weansdn  (sisjpwelp ul) esueqinsig H7[ desuibug ise) i
909 (14 "bg) eauy 10nQ Y-IS7) [UORIPUOD 80IN0g
m (1) wpim Y00 Js7 9 7/Un iuonesoisey
:(y) so0WwRIQ {(y) wbusn Ho stw?om Jueld
punoy Jo :(3o9j8s) adeyg jong Q u;\ :Auedwion
Yo /Sy PRAUNY gy g ONUMisel ‘SUILINVEVA ISTL

168




Y 16575 5) %L |

P | 45 oy 2972 | 227 9ig | h | esF | AL | ws | sheqy €U s Ji, | Al

- xS L5 s 97 197 /S| L9 205 | Rt ear Qv € 570 ez | 1

B2 s 45 °h 277 | 297 8| LTI s S At | aasi | bSss | <oy a0 S,y

A LS Ly 297 297 X Tt uss L aqer | WG| | ST ot | s

Ky Iy s oh 297 297 <5 L) ‘9] 2S5S hil | Sasl Y]] ) 57 Sal, Ji

S es | Lp bg 297 297 VLT | LS| ST | Wl | gt byl s el | Y
J | C5 b 2972 797 efs | rabdo)l wsy Ril'-] anf’ | Q9'boy <4 £ 53 | U

' s i Uy 297 297 °s | LS sall WS g hit' | aas: | by'Soll s T s4- sy )
- af| 5 Ly 97 197 °tf | =ugtiel| US'E b | east | agiet] | St SR | o)

9 S| (5 ol 297 | 197 ots | as3 3] wsT bl [ s byl <a| ~u X | b
9 54 (s Le 292 297 | °€Ig 9y Cho's | B7¢ | st Vathl| ko ! Jix| ¢

9 ba| &5 -0k 297 {97 oty | 2dbal| <(FI7g L' | bost| Llvway] A a7 2y |

9| bhu| ax Ly 9t 97 °Ty W3] sy | b aast ] enygl ] s S8 9

9 Sh| o] » @h 17¢ 297 T | k858 Sy bi¢'| anfr h3'5y ‘' s ¥ | s

> | Ay Ly 292 v97 L72¢ 2l2'0g] 25T hit' | anf? gy s < Y

5 (h s h 297 (57 b7¢ e 9 USS hit't | oos e/'9/ T ST oig b

- lh | (5 Ih 297 | hSz| L5 | moz s s S Wit e Lsel o] 51 SR 2

=" | Yh | Fh h 29¢ | 7| dE | — efl'g | @l gy [xelve| 1] h2' | <o |
BHu | do o o © o do | o) | HEN | HEN Wwpo | ogo | BOA) |[0Hu| oM W | ewiL | ‘oN
wnnoep’| 1IBBNO | B | dweljepno | dwey | "dwal | dwe L SwinjoA Julod sod ojey ‘ubg | awmnjop | (HO) (do) 320|9 | julod
dwing Jaburdw 18pJoH aqgoid yorys BT auinjop 1310 - 19)O | 92O | pedH ~Hod

- a9 [eofjaloayy | IO «Nr._ [enmoy RAyoojep
(“) -dwaj [eonaioay) s ‘ 5
EELTI
| Jo ) jeeyg esienel) ﬁm_,,“\ Y /e 9jeq -

) "ON-UNY 189 |

"Bz :poulep isal

ONIMdNVS JILANIMOSI - 133HS V.1va 1S31 a13id

A0 Js3 9 w._cs :uoneo0 )sa

/o TSNS 5 el

N Q :Auedwon

169




—— e

:(y) 1eowrRIg S7 W) wbuag

punoy o ﬂhm_:mcmuom\m :(109J08) adeyg 1onQ

{ihs + (B)merel 93] "ON Jejid
(6) I eiey "ON jquuIy L ‘SIION ® SINTFWINOD
:NOLLO3T100 T1dWVS
, -8Y0  sEO [BIMEN- 018 11O BNd- 0616  [E0D SYOBIYIUY - 00LOL
:Aq 8)ig wouy parowey s|dweg {200 syubli - 0986  BOD Snoulwnyig- 0826 :(10819g) Buni4 odA) |1ang
:Aq paybilap 199 eoljis (1ozAjeue) ye poyisy  BJIAJ/BSIO € POUIBIN ‘(auo 1o8j85) Aq senjep seo
:Aq palonoosy stebuidw 4 (%) uabAxo
-{pajsneyxy jeo eI LU (%) epixolq uogieD
"O%H Jebuidw) Jo uopduossqg A }sod 7 8.d 984D Yea] jold
, T % (6w ureo Jeyepn (e10L BH W5 /oy @™ a0’ 3s0d ~ ool seld oByD yea ulel ] m_aEmm
(B)ueomesr s T (qw) uen M JaBuidwy ‘(sqv BH "ur) sunssaud onj4
(B) W reniu eoiis :(Tw) IM [eniul JeBuidw) o) - (O%H "ul) ainssaid onelg
T T (B) W euid eoyis :(Tw) I [eurd JeBuiduwy £1%7 (BH "ur) aunssald oujswoleg
‘NOILVNINY3L3d FANLSION ‘SNOLLIONOD MOV1S
@), ((ww) yibueise| ‘(1o810s) dnjog uied|
| ‘Slulod esleAel] o Jaquinp [ejo | (75 (") JereWeIQg BjZZON
Ky ‘Julod Jad sanuip =Y Q ‘lelsie Jaul 8qoud
| Mod Jad sjujod jo JaquinN , @l ('Y) yibue eqoug
| :Pajdweg suod Jo Jaquinp ahg’ ‘Jusiole0) aqny j0id
R :8dA] pod y 72%0  -aioud
n ("ur Jeyowelp) 8215 Hod 9L’ :lojoe4 uoneuqie) Jejep
{("ur) ybusy pod v 0l eep
Wea  Jo |ejuozioH :(1o9j0s) aue|d s|dweg w o a dwa
weasnsumoq weansdn  (sislowelrp uy) eouequnisiq {7 [ “esubuzise]
Q99 (14 "bg) eaiy 10nQ \=UsYap/ [UOIPUOD 92IN0g
% (1) wpim +t®0 Js3 9 v :uopeoojsey

HOTAETET)  ued
a,ud :Auedwon

e/ 5//8 8eqguny = "ON uny i8]

‘SYILINWVEVd 1S31

170




171

as¢'g, sy

S| hg| e¢ Ls e | w7 21 | oW BL| <A [Phq’ |[Vin' | @iy a7 | 120 | W 3)
2 77| &9 hss a7 asy Lzs| et’al| @tk s [Ovg7 [E1H) bz 2| 52| e | U
S 29 29 9.5~ as? thy7 219 Vlggl kg | oLgt | LlRT a®ag| =2 S 5 5 47
S| /9 89 95 <7 34 875 | <f'%g] «sh g | eLg’ | bLn’ ov'sgl | s3/ T Y
| Le| 49 [ 7 | 7| 7§ b | ash'y | <k | bevn | 8l 2 52 | AU ny
S 4l 99 () as? arz 375 (5994 @Sh'g | 29" | bin: RR VA B X PRE 217] | (1
| ¢ ho9 by ar? o7 873 AN TS o7yt vy | g A
S| 95| k9 as vy a7 Ly hob'bq| b7 | SO [ bgy Sh'pg ) hy! o |y

5 9_5 Iz l\y, ary a7 bz¢ bg' 9| h7zs's [ 5o, | b8k’ gg' 59| h7! JSon | ai
s £S5 29 24 Qs7 o7 b7% 1129 hzory [ Sl | b3y ¢ 82791 1| nx! ol g,

S sl 29 Ly afz /57 5y het'gs| Rzss SETAN /85| T W S5l 4
v aie 29 3k ary by 57§ WSy ss| hes'e Sort L3y, | eSS T ] il [y
5 hs| 79 {» afyz acy v hhe )5 has oy | o [Rent | trqs| fh | wa P TN
5 b i9 vh Lwz s e$s b2t '8y, by | S 01 218, il k7 ehit | 5
< 5 09 Liy Lh7z | a7 Lzg Yol bh| hrscs | el |53 | hewh | T ] Wil Ul
= 7| by ay a7 (57 RTY =20\ hesg | Ser | b8k [ s, | s L7 el ¢
5 25| 4 afs ©¢Z | %h7 bz fot'ly | sy | osour | WY delys | £ | w1 Sull
_r 25| «r as SL7 thy L2 | _— (s by | B TR 2 [ s =Zh |

BH'w | o do do do do 4o (%3) M (“A) # (“A) wyo d0 | M(A) |[0H'w|oH w | ewy | ‘o
wnnoep (39BNO | 91Ul | "dwayjepno | dwey | ‘dwe} | dwe; swinjoA Juiod Jed ojey ‘ubg | awmnjop | (HO) (do) ¥2019 | jutod
dwing mec_n\_E_ d8p|oH | eqoid 3}oelg 1919 swnjoA lajolN 1939y | @oiuQO | pesH _|-shog
- . 18314 fedngasoay | 199N Ley, _ |enjoy foojep
(“3) "dwsa], |eonaioay ] (s<
1) 55
\ 407 [ 198yg esiees] 20/ 5,77 @eq tN+00 dog 4 {1va UOBedoTise]

% 'ON uny jsa|
Y704 POUISI 1S
ONFIdINVS OLLINIMOSI - LIFHS V.1va LS3L g131d

LI E

m M@ ‘Auedwo)n

T




(6) maue] "ON Jo)i4
(B) 1m euey "ON 8[quuiy |
‘NOILOTTTOD T1dNVS

:Aq YIS wioyy panowey sjdwes

:Aq paybiam oo eolis

:Aq paianooay siebuidw

:¢paIsneyxg o9 eallis

{(B) ues 1M eolig
(B) 1M lemu; ey
(6) 1 leud eolig

" :0°H sebuidw) jo uopduosaq
{(B/1w) uren serepn fB3O )
(W) ure I Jeburdw

756

{(w) 1M (e JeBuidw

(W) I 1eulg Jeburdw

‘NOLLVNINY313d FIN1SION

‘S31LON 8 SINIFWNOD

-JSy0  seo [eIneN- 0128
[e0D syubi - 0986 |20 SnounLNig- 0826

IO 18n4- 0616  [e0D soRIPUY - 00101
(yosleg) Bung adA) jong

(19zAjeue) yg poyepy aAdaesIO € poujely :(suo 109j8s) Aqg senjep seq)
C (%) uabAxp

2 (%) @pixo1q uoque)

A sod 1 8id S109YD yes jojd

BH -l S/2 © 9907 3sod LS00 ®id 094D Yes] ujes] sjdwes

{(sqy BH ") aunssaiq anj4

aj- (O%H ") ainssaiy olelS
Siyy :(BH "w) ainsseuy JLjawoseyg
‘SNOLLIONOD MOV1S

el ‘() ybuaT 3se ‘(1oejes) dnjag e

) ‘Sjuiod esiaAel] JO Jaquinp [e1o| 28 (") Jerowelq ojzzoN

R ‘Julod Jod seynuiy :u\m ‘lelsiely Jaurt eqoiy

) ‘Hod Jad sjuiod Jo Jaquunn Y ‘("y) yibue aqgouy

; ‘pajdwes spod jo Jequiny oKy’ Juamiyso) aqny jo)d

v " :0dA} uod S -dlond

L h {("ur ssjewelp) 9215 Hog 266" -10joe 4 Uoelqie] Jejep

, :("ur) yibus pod - TNV« | -

Y o _mEONtoI\. :(yosjes) sueld ojdweg b)) ‘gl dwey

T weassumoq weansdn  (sisjpweip u) aouequnisiq AL Jesulbuzise)
‘(14 "bg) eary 1onq F=>33/ :uolipuo) eoinog

o m (M) yipm +9+00 s 7 400 Eo_umoc.__ 1s9]

() sepewelg Y m@ Ubus 7O RS ) Jueld
punoy Jo _Je|nbueloay- :(yo9es) adeyg ong P MQ :Auedwon

Y0/ 57,5 PRAUN Tl () ‘oN unyisel 'SUSIANVYEvVd 1531

172




S%h'9z] Abhigg) fhe)
a1 57| 72 =2k M7 | sy s el SRS | LA [ASST @Sy | @'l b7 | ang | A
2| = 77 h Loz | Sy eSS gy s | el RS s3] 97 b7 | gy | 4]
% <9 /2 25 ss7 | _rse KT 7 byt S48°5 | LT E/5T <pipy| 71 L2 o€ty | qi
A1 592 /L ih JF2 | £sq AL S8ol)] SA%F [ YT s S8t S| on | s | s
s | 9 ] 7} L7 | L7 5| S90]l SASS bar | Lis? ab>q0ll ) g ot | hi
b 97 31 o S| S| ME| pRondl| HET | Lot | bisT] 8eTEol S| ig | b | O
2 9291 - /¢ 'k f.57 5572 el c22'bb| A8 T Tl [ Lis Qe S| Lz | ey |y
A 99 /e Tk J57 a7 ity Roh’SL Th's | Ll | bls ae syl Sa | it Foul It
| (| /¢ \4 A5z | S| 78| /WL ABAasrs | e [ B 984y (| €1/ awy | 9
h| 49| -t <h ssz2 | S5z s Sz’ | ghs T | BT vl | ety S 520 ssa | L
A (9| 2/ L S57 | 557 2%F Wi hg Rhs'y W T we [ o reng] 50 | <920 asq] 2
b £9 5/ Tk A0z £57 %5 MYRYS Lhsts Los? by, o748 T §72! Sha) l
) g9 | s¢ 2h S5 | sz | v | Rt | AhsS vor | Lk sl ST | s %9 | 4
| b9 | ¢ 4t Sz | sse | s &bl AL §hselo | Sor” | Win | siy| ¢ | sz | | ¢
Ll 9] <y bt S51 £S1 195 g59°07 | $ShsS'S Yot | b | @970 4] 5T @%9)] b
b e/ | 4 {h 257 V2L |+ lig So0'lg | RhS'S boct | bp'|l borua| sy 27 5291 ¢
4 2/ e/ £), 9572 S57 ~T Lis's9| Styes L2 | 8kl BT'sg9| S hy! 19 7
Z i e/ NZS S T | ©h7 8/¢ — | $79°Y | 5720 | BY | 2siws| £ A2 | Sig) l
BHu | do o 3o Eid o | () | HEA HON T wp gn | e [omew|omw | ewnr | con
wnnoep [18ANO | 32juUl | dwo)jepno | -dwsy | ‘dwey | dws) awnjop iodted | ejey ‘pbg | awnjop | (HO) (d0) %2019 [ 3ulod
dwngyg Jabuduy J9pjoH aqold yoeyg 19)on awinjop Jo)9N : Iayely | el | peol -uod
o pe 1214 |eonesoay | Joyel \ jenjoy fyoojop
(+3) "dway, leogosoayy | <8h') .
Il S J
/ jo~7 199yg asJioARl | Le/sy/¢ ®ked +7t0o Js3 9 +-un UONes0TIse)

G ONunyjsel

L7/ POUISI 1SOL

ONIIdWYS DJILINIMOSI - 193HS V.1va 1S31 a13id

Ho / STV o ueld
m,.w,‘ :Aledwion

173




(B)im siey
(B) mareL

"ON Jojiid
"ON SjquuIyi
‘NOLLD3TT0D IdINVS

:Aq e)iS woly paAcuway} sjdwes

:Aq paybiom (90 BaliS

:Aq pesanoooy siabuidiy

:{paIsneyxd |00 Bolis

*0%H Jebuidwy jo uonduosaq

(6) uen 1w eoyis
(6) W ) BOyIS
(B) W\ Jeutd ediis

(Brw) uieo JsjeM fe1ot
(w) uren IM sebudw
(W) M feniuy JeBuiduuj
(W) I feutd Jebuiduy
‘NOILVNING3130 SuniSION

7°90/.

. ,q,
\,Ju T

g\t
Tm\w,

:S3LON ¥ SINIWNOD

-JeYI0  SED [RINEN- 0148

-~ {eone)ubIT- 0986 . 120D SnOUWNYIG- 08.6 :(10ojeg) Bunid adA ) end
(4ozfjeuB) ve pouisi ajA4pesIO € pouley  (Buo 109jas) Aq seniep seo
R (%) uabAxQ

7] (%) spxoig uogied

N 2d . HoeyD yeeT Joid

S oal 9ld ¥oeuD Nea uel] ejdwes
((sqy BH ‘u) 8inssaid anj4
J {O%H "ul) ainssadd onels
<2'%7 (B -ut) aunssaid oujewolegq
‘SNOLLIGNOD MOV1S

P isod
B ui \A\Q@ 371 380d

1O 18nd- 0616 1800 ByOBIRUY ~ 0010}

o8 (uiw) ybuatisal
9] SJUI0d 8SIOAR1] JO JOqUINN [BIOL
Bx ;ulo4 Jed senuiiy

- 1H0d Jad sjuiod Jo JequinN

8 :pajdwes sHoOd o0 JaquinN

:edA| vod

ok ("1 Jeyouselp) 8ZiS Hod

JedIHaA 0

———————et e

:("w) yybue Hod
:(100(98) sue|d sidwes

weaqsumog weansdn (siedweip Ul) soueginisiq
' oZs {14 "bg) easy jong

T oz W upm

(y) soj0utBIG 5Z ) ubue
punoy Jejnbu :(09)es) adeyg 1onQg

:(3ooles) dmag uesy

\Q L :("w) JejeWIRIQ OjZZON

* 734 Q\ eS| Jeuln 8qoid
Lo/ ‘('n) wbue agoud
AD JJusioen) aqn L 10id
PRy ‘ariond

72 :Jojoe4 uopesqie) 1SN
aiw ) QI PIN

ciw) ‘Gl dwey

H1S Jeaulbuz iseay

/#AT57]/ {UORIpUOD 99.N0g

o 094 q  iwn UOREd0TISaL

o .i.sﬁzo_w Jueld
y mﬁ\ :Auedwion

.wQ\\.\\M |8jeq uny

% “ON UNY 1891

‘SHILINVIVd LS3L

174




R - bhs 'y : lag 'y 251
s 15| <v €h o172 | .17 A WY | Lz Ch' | uall e | hso 17 | 5711
7 | 25 | <= 7h oty | LG.N oLk — b8 1 Ch | g “(g| b5 1 Ahi) i -8
— T [ L 2l
¢ |25 | a5 1 o 4,57 hi | ouT"hE [ L377 [Cim [ | M| B0 | 772 Tthz) |72
5 /s | <=5 hh oLz, 197 h] — | 877 [{s? Ug ) | Whs| Lo 17 AN IENEN]
L8s77¢ : v lohiz¢ 7771
|15 | <5 bl o7 | Sz | k]| ®we;r | 99T Z [IFHT AR D it ,
¢ | av | ¢5 Lk =iz | £ £7) — 88T 2 [ (" /9] 18:(q | RS | a7 222 | 19
Ly (7 1317 f11)
5 ar | ks 7l 217 hagz 27] 1h 57 v82'7 5K 9 ST INSY 97 @771
3 o | &£ i SL7 | taz £1) — | e | Sth w0 fat7| %r. 52 Slar] -5
_ 149 °¢7 Av1'$7 s
§ (= a8 Th °t7 Ly 214 Bog 7L¢7 Sth | o) 1§z 85| 8 ol | 1
< /51 ar <h Siz | k72 92 — T | S | surl R 85 g | g |
€14 -8) 28b' 9] L5y
S| 2| a5 h 7 | baz A1) $19°9 Cigq [ con [y | g5 95| 1] =251 1
'S as | v th /2 L7 221 ] L' | tab | Thoy | g2k | s L2 htl | 17§
5921y £87'hy dhil
¢ | by by Ih L7 147 L) CYAR Loz ' 2| (sh | 219 o)l A5 T e 1| 7
1 Ly | o oy Lz | a7 2] — gh 7 | L et acsL| g b'7 agh| -1
C] , 9f£s'L 55" P21/4
NS i 297 <97 | Seig] T S sia] Bl | s 27 atlf | 1
s i [E, oL | <97 Vh7 S| e en' 7 | e U S50 7R S| g Sy |
By u | do do 4o do do 4o (%3) H (“A) HEA) T wp dO0 | M(A) [OH'u|OH'u | swy | -oN
wnnoep [19BNO | Ul | 'dwspjepno | ‘dwsy | ‘dwel | dwe L awmnjop julod tad ajey ‘ubg | swnjop | (HO) (do) %9019 | julog
dwing .. Jebuidw) 49pIoH | eqoud | yoejg i9jep swinjoA 193 : B8 | eoyuo | pesy -H0d
e ‘_ww__.u_ jeonaloay | _NUHMMW " hg1' fenjoy o7 Roojep
19)9 N
| o) 198Yg asianel| . 29/0//5  ®ea e GO g 41V 1U0NBD0T IS8

% 'ON Uny isel-

19 TN ueld
\\w@ ‘PoYeNISaL _ A3( Avedwog
ONITdNVS O_FNZ_V_OW_...,.. ._.mme viva ls3l ai3aid

175




(6)m ae) "ON J9}ji4

(B)imasel ~ON Slquiyy

*NOLIO3TIOD F1dNVS

:Ageyig wioy panoway sjdwes

:Aq peybiem 199 BIIS

:Aq peieaooay ssebuldwii

:¢pa)sieyxd 199 BiS

(6) uren 1 eolis
A6) M en eois
A(B) M eul eoilig

‘O%H 1eBuidwy jo uogduosag
(B6/nu) uleo JejeM [el0L
() ures Y 1eBuidwyy
(Tw) I tepiu) JeBuidw

or$L]

"S31ON ¥ SINIJWWOD

-JOYO SED [BIMEN-0128 1O 1oNd- 0616

. feoQonubi - 0986 . 120D snoujwMig- 0816

{200 SHORIJUY - 00LOL.

(sozfjeue) ve Poulaly  IALAESIO € POYIBIAL :(BUO 1081S) Aq SEN|EA SED
~ _ y — :(%) usbAXQ

2/ %) epixolq uoqied

. isod T aid - jo9yD Yesiold

aan, 8ld HosyD yee uiel) ejdwesg
‘(sqv BH ui) ainsse.d enjy

BHU s/ o/ ® so as0d

_ {(O%H "u)) ainssalgd opels

1(w) . jeuly teBuidwy (v (BH "u) einssaid olnswoleg

: | TSNOILIGNOD SOVLS

Y - (uw) ybuaise) :(10ej2s) dnjag UL}

97 SJulod asieAei] JO JaqUINN jejol F3AR ("ur) Joysuselq 9jzzoN

3 uiod Jad sajnuiy L3k ‘[BUSleW JBUl 8q0id

- Hod Jed sjuiod JO JoquInN ol ("y) ybua1 eqoid

3 ‘pajdwieg sHod jO JoqUuINN S ‘Jusjoyje0 aqny Jolid

e d\“\ ”Qah.__. Hod & yao! -Q110%id

o ((*ul JejewuBIp) 9ZIS Hod “aar) :Jojoe4 uopeiqlBD JoJBN

B :("w) wbue wod PO« (P

[eoluspA 1o commwm.v :(100j8S) aueld ajdwes oruAD gl dwie
weagsumog weansdn  (sisiewieip ul) souegINSIq AT :1eouibuz ise)
' 2 S {14 "bg) eaiv 10nQ Yragy  UOHIPUOD 82IN0S
T o Wuipm Goq 9 oA [uopesoT jseL

(y) Jejowielg - = (y) yibue Jio@ lapasru h) quejd
punoy o ._m_:mcx&mwm :(y0a19s) adeys 1onQg o3 q :Auedwon

000/

2)eq uny "ON UNY 1584

@

‘SUILTNVEVd 1531

:(10ajeg) Buuid 9dAy jong

MOddns 1531

ail !
r\.ﬁ._d\.

176




R 2Ry hi'b( —205)
A ) s £h or? | Bs7 | 42| k33170 bsp't | Jyne | 2| Aglap | ¢’ 0| (Shy| 4
Al zg | tr ’h olT o hs1| W | L5k bhe [l ankl | Ly VL ek | -8
— RN B bk hi N JEIED - 18ni
| 5| os Py b7 | Cs770 0 | bt | BT | bk AV 9yl ¢4 0 b 1
INEESACES ih g | esa | i7) | T sk | vk [ 10| 5P g €97 | et et ] -1
. . _ N E BYTRY | $5h Y,
LW s & My A 957 /) L86°99| Lsh'7 vy | 2L W,-wiqw ﬂ@. ey Sth | 4
HIEEIED 20 <Ly | 27T by | Y 7| Wn il [<shg| 1 eg | ein | i-q
B <25 'ke LS h 9 Vb
I ¢85 > hh <2l7 ‘X4 272l 957'79| L€' bl IShal Litzg | s S brhi | o
b 1s |7 hi 27 957 7] — 1 ¢¢tq L9h' | $h9' ]| §28' LS| S! £ Bw)| -y
<7515 <{®'Ls Loh)
is1 (s Ls ©y7 197 7] | S8 LS ¢’z ¢ | The Ly'es| 95 L7 | 355G | =
Ll | s Sl <69 LSz 53 e {2 L% | Shay| ~soiss| oase Gz ] ¢59 | -k
. - N by TS _ 2 Slies SR
N | A Li, =iz LSZ 87) | 158715 L2872 h Ve 9855 | £ 97 Chey | 2
{9 k3 A (y L7 57 L | LEY AN LYR Y T ves | S5 ) Thgy | -7
i s I rﬁbl.c\ﬂ : 295 'as It
b 5] o5 {n 2.7 €57 Q| eff'3h | buig bowe s 4By | ax Nzl oesch ]
b (| hs Siq Itz | st | 2720 — | ew\g | S| e dghan | axt | g | st | (-2
- . Cn b2l 9y B v _ 1TV ‘9 et gl
Iy i T35 . 9k ol |H W €21 | S bLi 7 il [ bhs 1] Ty, | < hey STRE ] 4
| o /T b Zh7 <7 T2 — L5977 Wi bk 298 ' by V7 03..» b=}
BHur | do do do do Cdo | 4 | HEN H (N wo | g0 | B(“A) |oHw|oH w | ewyy | -oN
wnnoep | 1PBN0 | 91U | "dwe) jepno | -dwoy | ‘dwsl | dwey auwinjoA julod Jod ajey ‘ubg | swnjop | (HD) (d0) %201y | juiog
duing JeBudwy 1apjoH o9qoid | »yoeyg 1913 - swinjop | J1sjep 119N | 9oy | peoy -Jod
10314 fesnaloay | 19)9 \ fenjoy FATETIEYY
() "dway . : leogesosyy | - H87 . 017’
J9)o|
\ Jo N Joays mm..®>m‘m.,, =g E\ g .vje ke VA1 Q\vu\ < {4 lUOHED0T IS8
- < ©°N cqm 191 : we T oM ¢, ueld
49 POoUPWiIsel . ‘ PE Q ‘Auedwio)

ONITdWVS OILINIDOSI - L33HS V.1va 1s3L a3

177



(6) et
(6) W ate)

"ON 93|14
"ON jquiIyL
‘NOILO3IT109 F1dNVS

:Aq 8)g wouy parowsy sjdwes

:Aq payBlep 109 eallig

:Aq patenooey siebuidwi

1¢paISneyx3 (09 eollis

:O°%H J8Buidwj jo uopduosaq
@.\m L {(6/1w) utes Jsjepp [BI10)
] (W) ures) 1an JeBurduy)

X(B) uen 1m eais
X(B) 1 reniuy esiis
{B) M euid4 eaiis

{(Tw) 3M (e JaBuidwy

(W) M Jeury JeBuidw
‘NOLLYNINY313d J9NISIONW

‘S310N ? SINJWINOD

“49UI0  SED [RJMEN-0L/8 11O 19N4- 06L6  [E0D SpOBIYIUY - 00LOL

120D SHuBIT - 0986  [BOD snoulwnyg- 0826 :(399]9S) Bulid adA ] |en4
(1ozAjeue) ye pouysel  e)IA4aBSIO € POyl :(Buo Josjes) A senjep seo
_ ( (%) usbAxQ

2l %) epixoiq uogien

A 1s0d N 8id  34o8yD MeeTjojd

B ul ) 1804 Bld oY) yes uel] sidwes

(sqv BH "u1) sunssaidq on|4

./ (O%H "ui) aunsselid onelg
C2bl (BH "u1) aunssaid ouewoleg
‘SNOLLIANOD MOV1S

) {(uw) ybue i1se )

5|, -SIUIOd 8s1eARl] Jo JoqunN [2jo L

- JuI04 Jad SOINUIN

e

7 ‘Hod Jad sjuiod jo Jsquunp

£ ‘Paldwes spod o saqunp

5t W :0dA1 Hod

o h {("ul Jsjewelp) szig pod

o :("ut) ybua pod

[Bo9A 10 <jeyuozuel :(yoses) sue|d s|dweg
weansumoqg weassdn  (sselewelp up) esueqin)siqg
oS (14 'bs) eaay jong

o Wupm
‘(W) sop0urR1g o2 (1) ybus

punoy . o 4._,%%@”& {(109j0s) adeys jong

—— -

:(109j88) dnjeg urel |

I :('ur) Je1eWweIq BjZZON

‘lelsiep Jsulg aqold
=X {("4) ybueT agoiy
JuLidle0d eqny jolid
o Seag :al 1ond
ey .~ -Jojoe uoile.qied 219N
Ha[RRETY
gy dwa

aopii?
el .

{770 esulbug jso)

Y wilag) HoyIpuog s0IN0g

ST AN B9 g 4'v) ‘UOEIOT iSO
H = :._.s?_gow ~ fjueid

434/ Auedwod

,\d\N\\M :ejeqg uny s ONunyjsey

‘SHI1INVIVd L1S3L

_ V1Va 140ddns 1s3L

178




179

At | N LS9l
s s5| 25 L2 °/7 L5z 279 (57" hj Sha | e LigS oyl 17w €S s1 | kS| 1
sl s~ | 75 Ly eL2 157 £zl Shz'2 | e bass| el <t 7] bee( | T
| Bbeyy) 28buil Sha)
R b L2 57 92 L19°%) | S5s-7 | eant |ghay | ea'wl| L L1 gpal| 2
s| 54 75 dri oLz 157 927/ — | &ty ¢oh |[Sh9/ |bfP2¢a)| (S K 309 -1
$97'lal h87La] (09|
sl &y | s Ly 292 557 Iz 95" ho) £55 Lo | tha | <bihol| /¢ 17 a) |
| bh af ol ec7 9.572 S72) —1 &5y b | Che | |95 20)| 5 47 1] 1-9
£79'20] @T9°29) 1149)
e 5 3 . 17 %7 Sl | 1vaz ren] 157 L1k | Tho brteay| LS Ly 19| <
s byl o ar Rz hez bho| st q gLy Cant [ ¢ha | 1ebiey] (S <7 219]| -5
_ b7b 'L} X TR 304/
> L, 7.5 bs az7 7 oz)| BL75h Kv(.ww..N LCh U] | Lo sp| as 17 foq| 2
21 &b x3) ol 42 KL7 <1 — | ¢y | e | g [ &Pt Rl A Y =1
. , L3g s h s s8]
oS | IS Ly 172 /157 »7?) ybl 327 | ¢Sk 2ig SGUN| AL 1T | RS Y
I RES = lez | 252 | =2/ — | 71 | h | 7)) =888 b | 17 Chsi| -8
be3'393 75833 b S
2| tn| 75 5 S as 7 biy Les'9g | brzy [thv [ 219 hs x| R | 22 Wil 5
2] ¥ s D17 Itz | th7 iz 8707 | Lepe | 277 Bbz 0B hs | 97 | @ssi| (-7
: L7718 ShT'ng S5
2| es | 2.5 =34 L7 254 il W)@ eFz 7 | el e hpyhg | Ase 7' S/ <
2| exr| L% ol WS7 | o5z Lif - be2' | o Sfh | w97 [r29u | As] VT ersi| 17
BHu | o do do o o7 | do(p) | HEN H (“A) wyo do | @A) |omw|om | suny | -on
wnnoep | IOBNO | I9U] | "dweoy jepno | -dwey ‘dwa) dwej awinjoa julod Jad a)ey ‘ubg | swnjop | (HB) (dm) %9019 | julog
dwng Joburdwy d9pPIOH | 8qold | »omyg 1019 swnjop 19131\ 19308 | @oyHO | peoH ~Jod
e IE | leanaioay ] 1019\ _ . [enjoy Rroojep
() "dwe) leagaioayy | H57 o
19)0|N
jo leays esionel |, 9o, /17T ®req

(-0 (9D 9 fru/ UOKRIOTISSL
707 «:iww:o/u Jueld
p /‘E :Auedwon

M\Mu "ON uny 1sa ]
 H O POURBNIs9L
" ONITdWYS OILANIMOSI - 1IIHS VIV 1STL aTald -




ccs £ | .
Method 8A - Determination of Sulfuric Acid Vapor or Mist and Sulfur Dioxide Emissions
ADA~ AEP - Conesviud
Source #IMV T ESP LSV Date 2716~ 0{

RunNo. ¥ L C—.__QC’ $> Furnace Load AN ORMAL
Stack Gas Temp. 330, Atmospheric Pressure_ -1, 0&©

Final Dry Gas Meter Reading jﬁ SS9

Initial Dry Gas Meter Reading T1.83( -

Volume Sampled .06/ al

Temperature, °F Mt "\
Dry Gas Meter '

- Time (min) Probe Filter Condenser In Out Vibum «M\

See | ame | 81 | so |77k
B

S o K RS I -1 w0

Pa-s

Figure 4. SO; Measurement Field Dzta Sheet s
i o

22 Ga Al .:

2000 NmsTD
1:5) w3

S 0.0 X D
10 :{iv:‘//

T T

9 December 1996
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Method 8A - Determination of Sulfurlc Acid Vapor or Mist and Sulfur Dioxide Emissions

Ak~ AEP Coneswnle

 Source UM\ T & ESPF TNLET Date Bk~ ¢ &

B TN

' ‘Run No. =&; ryé CCb,) Fumace Load Mg .Asvilar
Stack Gas Temp 3 ‘)Q = Atmospheric Pressure ®9. @0 ‘

Final Dry Gas Meter Readmg 1-90 & 15’{
Initial Dry Gus Meter Reaamg ‘316 {9276)
Volume Sampled 9~L '4/ b

Temperature, °F L . . { d
e - | ; Dry Gas Meter Mater
7 Time (min) ~ ‘Probe Filter Condenser In OQut \/ol,wﬁvf
- b3S | " 500 499 11 &3 | B Crg. 29
1 ®urzo| Soo So| IRECE S -0 A - S WA
w3s | S9° so) I 8o gy | 8>  |iea.2a }
Mo | €90 | soo | 18C &S | 8Q 103, 952
_ LTS s00 | s00 152 Bs B | oy 1o
g gleso! soo | So9 2.9 &s | &a  lordYe |
ess | 499 14499 117 go_ | 83 0113
Mo | SO0 1 sol il g6 | B3 0. 943
o5 | 447 499 L. ve | 33 jua.l>
Tro S00o sod 177} ge 83 . EEp -
W Seo | sec | e ge | B3 3R
S5e T 3—00 560 17 & g6 | 83 18T )
(=X i :
r Figure 4. SO; Measurement Field Data Sheet @’ % 3
.
/Do 333 vMbJ)
L-//
93'4/\4‘/3 Tovr
M G
9 - December 1996
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Method 8A - Determination of Sulfuric Acid Vapor or Mist and Sulfur Dioxide Emissions

/—/ | ' Ao - AEP ConTan LLE

Source M&P TALET Date 3-16- 0k
Run No. & 3 C(«C»-SB Furnace Load AN @@w L
' . o
Stack Gas Temp. vBSD v F Atmospheric Pressure 5. 0

Temperature, °F

Dry Gas Meter

Figure 4. SO; Measurement Field Data Shest B S B -

"/",_,..--~/”"4'—~M~N\'\\\ . o
Q3OMJ5*MWW¢\\V
Bogqen b
"”“-n ‘

on,
e

182

9 . December 1996

Filter Condenser - In _Out
So\ A2 &z XY
seo | g5 [ @es | &3
sco Db | 86 | @3 22. &
S| 77 L &6 Fo¥e) 195 79
Sos 77 | e | @& 1137.49
So0 77 73| 8= W29.1S5 |
Sol e - | 87 | & |i30.29
Soo. V.| 27 |oa= - 132,29 |
sol___ 173 [ 87 [ 65 hsdcs |
Giq oS | 81 8= hie.=g |
SO | \7§ 1 83 ',13&15”
Soo T Sol TS 23 - 1139.89
| o 1q|733
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Method 8A' - Determination of Sulfuric Acid Vapor or Mist and Sulfur Dioxide Emissions

Source vt H e ESP sotlad Date 3/ /¢/0c
RunNo. _ (D Furnace Load A/or mart

¢ 35/}//'7
Stack Gas Temp. = 329 Atmospberic Pressure 2o

Final Dry Gas Meter Reading 79,182 Fined mis gaimed < /'-—/—-‘

Initial Dry Gas Meter Reading 57,957

Volume Sampled 2121
Shart frme Temperature, °F
e ' - Dry Gas Meter aten
Time (min) Probe Filter Condenser | In Out Vilamna :
" lred s oo 80 b Y S B et 5 7 A
TIoT . ‘/m) </ /77 L &5 J’?.f_’z__..f—-—l
S0 " Cvo REC /76 Y 6(3 %:{é_——’-———
Soo Ki=g /7b bi” b} " ’—:,/,,-———-
TS T hag (76"~ by | &% £y, 18 .
K2y S B A C b & 63 é('/77 —
S0 Svl g Y TL 7%, 4 '
S o 4q¢ 12& bb ¢ 70,33
o) . N2 ‘ 78 . 772,12
N Luo 177 6 6.2 = 37
I SD2 17% ‘o 63 Ty
Y 1 oo 17¢ A 63 7747
79,16
" /\
Figure 4. SOj; Measurement Field Data Sheet
9 December 1996
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Method 8A - Determination of Sulfuric Acid Vapor or Mist and Sulfur Dioxide Emissions

Date  3//¢/@¢
Furnace Load /f/ vy o f

Atmospheric Pressure 2810

Stack Gas Temp. %314
Toht s Ga need —j//"

Source Uaik & ESP oudtt
Run No. @

Final Dry Gas Meter Reading 10©:24®

Initial Dry Gas Meter Reading /M, 243

Volume Sampled 221947
Temperature, °F
Dry Gas Meter
Time (min) Probe Filter Condenser In Out
ey | 37/ ‘ieg 177 62 | &l
%L;"“ HUia SoE 773 563
IS . XL <2 g ;
R /6"/0 Jov Y 7-4:\* 1 62
e = 75 ‘e b
t N2 JJZJD“.D 122 Lo 2
. o s /17 55 62
i Joo 55 122 73 —n
i /73 ‘6\7"“ bz
Nl 17 “ SV ST EE; 6—7\__,__%)_’__%

Figure 4. SO; Measurement Field Data Sheet v

December 1996
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Method 8A - Determination of Sulfuric Acid Vapor or Mist and Sulfur Dioxide Emissions

Source Un & & ESP ovib+ Date 3 /)06
Run No. L Furnace Load // ayenal

Atmospheric Pressure _}_j___'_i)__

F"h/( /s /Zﬁ—-——

Stack Gas Temp. ~ 324
Final Dry Gas Meter Reading 21,310

Initial Dry Gas Meter Reading @ 32

Volume Sampled __ 22 1 5|
Temperature, °F D
" Dry Gas Meter Outer
Time (min) Probe Filter Condenser In Out Voluwae
[ 745" 2¢/ Hog /175 L8 b 57329
Dy 757 Hqe 176 Cq T )
(755 Y] TR 17y b3 ¥R 3. 53
}!8ee ‘?;\) {;l) 5 62 </ < ba
1 > /28 % A
1% 0 Zi94 ST [7e 63 A Y
20 /726 4 (23
I3 (815 Sv e °, b2 yay e
Hp 1822 St Kf‘b /75 6% ‘o T
55 S0y $ow /76 b2 Lo o W4, 32
FTrs] San ST /76 63 | Zo _ |lt.ox
- Pz J% = /77 [ Lo [7,8’0
0L |22 177 X o 3,55
— 3% zees Tr5 oo ! 187y T
TS ' ‘ 20,3(s Y
Figure 4. SO; Measurement Field Data Sheet
9 December 1996
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APPENDIX H: CFD Model Report

Conesville Topical Report 302
41986R24



Page 1

REACTION X;

ENGINEERING
INTERNATIONAL

CFD Modeling of Activated Carbon
Injection for Mercury Control in
Coal-Fired Power Plants
Electric Power Conference

May 2-4, 2006

Marc Cremer, Constance Senior, Martin Denison,
Steven Hardy

Reaction Engineering International
77 W. 200 S., Suite 210, Salt Lake City, UT 84101

" ' / —
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72006 Ppew=r



Page 2

Mercury Control Technology
Strategies

e Increase natural Hg capture
— Combustion modifications
— Burn coal blends
— Use additives or catalysts

e Use of sorbents

— Activated carbon injection demonstrated at multiple
utility boilers

— Other sorbents (doped activated carbon, non-carbon
sorbents) undergoing testing

e Wet scrubbers
e Multipollutant control methods

ELECTRIGS \vpn ASM=
72006 PENW=2



Page 3

Modeling Sorbent Injection

B Duct geometry and flow characteristics
[ Injector design
E Sorbent properties

[ CFD model:
— Two-phase, chemically reacting flow

— Iterate gas composition (Hg species) with sorbent
particle trajectories

" ' / —
ELECTRIGS v ASM=
72006 Ppew=r



Page 4

Modeling Sorbent Injection

e Injector Design:
— Sorbent loading in flue gas
— Sorbent particle residence time

e Performance Assessment:
— Mercury concentration in gas and sorbent

~ 4 "
ELECTRIG v rn ASM=
72006 pew="



Page 5

Sorbent Injection Demonstration
at Conesville

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

e 400 MW boiler firing high-
sulfur Ohio Basin coal
— Inlet Mercury speciation (assumed)
* 40 vol% Hg°
* 60 vol% HgC(Cl,

e Regenerative air heater

e Particulate collection device
— Cold-side ESP, SCA = 301 ft2/1000
acfm

e Wet FGD Scrubber

ELECTRI%WFR
72006

Ultimate Analysis, wt%

C 62.51
S 3.31
H 4.63
H,0O 8.79
N 1.23
O 7.05
Ash 12.50
Total 100.02
Trace elements, ug/g dry

Hg 0.381
Cl 275
Fuel heating value, BTU/Ib 11,020

ASM=

pew="
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Conesville Overall Layout

ID Fans

'

f

Scrubbers
Injection \

Stack

\ Scrubber Outlet Sampling
ESP Outlet Sampling

ELECTR'%%‘@R Inlet Sampling ASM=

pew=r
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Duct Geometry — Plan View

PPIeEf \>!< 75°-11°%/,.” >
ate :
){A}f \ Q\ ()
T ), ‘
T )
V11111177177
/ / / Turning vanes

APH Inlet

(flow into page)\bi

Symmetry

and bluff bodies
used to direct
flow into ESP inlet

21 ’_9 »

ELECTRI%WER ASM=
72006 PE&EW=R
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Duct Geometry — Elevation View

8
Elevation xr\ o \\\_\ /

of sorbent \
injection \
lances AN I P ‘
\\// \\
Turning vanes

extend the full
width of the duct

ELECTRIGS 1 =
Drawings Not to Scale
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Injection Lance Array
Pl¢an View

25656.5"
218.8 ilhll
161.6" ||
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Injection Lance Array
Viewed from Inside the Duct
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Sorbent Capacity

e Estimate sorbent

Equilbrium Adsorption Capacity - Darco FGD CapaC|ty, based on URS
3000 fixed bed data for
0 | conditions simulating E.
. Bituminous flue gas:
1500
\\ — 1600 ppm SO.; 50 ppm HCI;
500 400 ppm NO,; 12% CO,; 7%

; | = e H,0; 6% O,

200 250 300 350 400 450

— No SO;

Temperature (F)

e Equilibrium capacity results are ug Hg/g sorbent
normalized to 50 ug/Nm?3

e Hg in simulated flue gas was >95% HQgCl, for all tests
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Inputs to Model:
Sorbent Capacity

4500 e Fit URS capacity
oo | data for HgClI,

o e Assume HgO

@ 3000 . . .

3 ~ capacity Is twice

AL HgCl, capacity

© HgCl, N .

1500\ e Use Freundlich
1000 IS

~__~ isotherm to model
0 — sorption of
0 ‘

250 30 350 400 450 mercury species

Temperature, F
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1. BASELINE CASE

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

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

e 9.95 |Ib/MMacf sorbent injected

~ ~/ -
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Baseline Sorbent Mass Density

.

m 3. 1E-005

Sorbent Mass
DenSity (Ibsorb/ft3gas)
0.0BE4+000

.
\
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E
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eTwo outermost lances produce
high sorbent concentration in
outer sections of flue gas
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Baseline Sorbent Mass Density
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Sorbent Mass
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sorb gas
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Cool Side
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Baseline Hg® + HQgCI,
Concentration

S.0BE-008
*Increased removal -

0
observed on the cooler Hg +ngQI2
side of the duct, and less mass fraction
removal is seen on the 0.CE4+000

hotter side

Exit Plane

Warm Side
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Equilibrium Capacity for HgO

10,000 I
. e Capacity |
R decreases with
% 6,000 Increases in
.‘? 4,000
3 — Temperature
§ 2,000
2
0 - | I
250°F 250°F 300°F

upstream SO3;  downstream SO; downstream SO

Fixed bed data, Darco Hg, in PRB flue gas at Pleasant Prairie
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2. ISOTHERMAL CASE

e [sothermal inlet temperature
350°F

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

e 9.95 Ib/MMacf sorbent injected

~ 4 "
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Cool Side

Hg®+HgCl, Concentration
(exit plane)

Non-Isothermal Inlet Condition, 44% total removal

- - -

Isothermal Inlet Temperature, 45% total removal
- 2.9 —~005

Hg® mass
I fraction
0.0E4+000

2006

Page 19

Warm Side
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Hg%+HgCl, Concentration

(exit plane, weighted average)
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Effect of Temperature Variation

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

e Temperature variation does not affect the
overall Hg reduction

e Variation with temperature depends on
assumed variation in Hg adsorption
isotherms with temperature

~ ~/ -
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3. REDUCED LANCES CASE

e 10 vs. 12 injection lances

e Non-isothermal inlet
temperature profile

e 9.95 Ib/MMacf sorbent injected

~ 4 "
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Reduced Lances
Hg® + HgCl, Concentration

Hg® + HgCl,
mass fraction
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Cool Side

Hg®+HgCl, Concentration

(exit plane)

Baseline 12 Lance Injection, 44% total removal

No Outer Lances (10 lances), 45% total removal
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Warm Side
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Hg%+HgCl, Concentration
(exit plane, weighted average)
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Removal of Outer Lances

e Removing outer lances (one on each
side) gives a more even distribution of

sorbent

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

e Temperature variation still results in
variation in Hg exit concentration from

side to side
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Equilibrium Capacity for HgO

10,000 I
. o Capacity
R decreases with
% 6,000 Increases in
2 4,000
3 — Temperature
§ 2,000
;
0 - | R
250°F 250°F 300°F

upstream SO3;  downstream SO; downstream SO

Fixed bed data, Darco Hg, in PRB flue gas at Pleasant Prairie
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4. REDUCED SORBENT CAPACITY

e Non-isothermal inlet temperature
e 12 lances

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

e 9.95 |b/MMacf sorbent injected
e Sorbent capacity was reduced in half

~ 4 "
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Hg®+HgCl, Concentration
(exit plane)

Previous Result, 44% total removal

.

1

e

Sorbent Capacity Reduced to Half, 34% total removal

Cool Side
Warm Side

.2.5E—008

*Increased removal is observed on the Hg® mass
cooler side of the duct, and less I fraction
removal is seen on hotter side 5 0FE—009
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Hg%+HgCl, Concentration

(exit plane, weighted average)
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Reduced Sorbent Capacity

e Reducing the sorbent capacity by half
decreased the amount of Hg removed
by 23%

— If the removal were diffusion-limited, there would have
been no change

— If capacity-limited, the amount removed would have
been 50% of that originally modeled

— The results suggest control 1s between the two regimes

" ' / —
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Conclusions

e Temperature variation across duct (325°F to 375°F) gives
variation in exit Hg concentration across the duct, but little

change in overall Hg reduction relative to isothermal (350°F)
case

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

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

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

Case Hg Removal
1. Baseline: 12 lances, 325-375°F 44°%%
2. Isothermal: 12 lances, 350°F 45%
3. Reduced (10) lances, 325-375°F 45%
_4. Reduced sorbent capacity: 12 lances, 325-375°F 34%
ELEC TR[%E}YEI N ASM=
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