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EXECUTIVE SUMMARY

This test report presents the results of the speciated mercury test program performed on Units 2,
3 and 4 at the Minnesota Power Company’s (MP) Boswell Energy Center located in Cohasset,

Minnesota.

The test program was sponsored by MP and the U.S. Department of Energy (DOE). The work
was completed by Roy F. Weston, Inc. (WESTONg), the Energy & Environmental Research
Center (EERC), and CONSOL, R&D (CONSOL). The test program was performed during the
period of 20 through 28 March 2000.

The test was performed to satisfy the U.S. Environmental Protection Agency (EPA), Office of
Air Quality Planning Standards (OAQPS), Information Collection Request (ICR) requirements.
Additional testing and analysis (not required as part of the ICR) was performed during this test
program. This additional data was collected to further validate the ICR measurements, evaluate
mercury continuous emission monitoring systems (CEMS) and obtain additional data to support

the Lake Superior region mercury study.

During the test program mercury emissions testing using the Ontario Hydro method were
performed on the inlet and outlet of the baghouse serving Unit 2, the wet particulate scrubber
serving Unit 3 and the sulfur dioxide (SO,) flue gas desulfurization (FGD) scrubber control
system serving Unit 4. Representative samples of the coal, baghouse ash and scrubber liquid
streams were sampled in conjunction with the emissions testing. Mercury CEMS measured

mercury concentrations at the outlets of Units 2, 3 and 4.

Tables ES-1, ES-2 and ES-3 present a summary of the average speciated mercury concentrations
and mass rate results for the Units 2, 3 and 4 inlet and outlet test locations. In addition, the
average percent of particulate bound, oxidized, and elemental mercury in compaﬁson to the total
mercury are provided. Also presented are the measured mercury removal efficiencies and
calculated mercury matérial balance for the tests performed on Units 2, 3 and 4. Detailed
discussions and presentations of all test data and test results are provided in Section 3 of this

report.
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1. INTRODUCTION

1.1 SUMMARY OF THE TEST PROGRAM .

The U.S. Environmental Protection Agency (EPA), Office of Air Quality Planning and Standards
(OAQPS) has undertaken a program to acquire information related to mercury emissions from
electric utility steam generating units. As part of this Information Collection Request (ICR),
EPA has selected certain utilities for emissions testing to characterize speciated mercury
emissions and the effectiveness of available control measures on such emissions. In addition, the
U.S. Department of Energy (DOE), EPA, and the Electric Power Research Institute (EPRI) have
collectively undertaken a study to determine the fate of mercury in the Lake Superior region.
This test program was designed to satisfy the requirements of the ICR and obtain additional data

to support the Lake Superior region mercury study.

Minnesota Power Company’s (MP) Boswell Energy Center located in Cohasset, Minnesota, was
selected as one of the study sites. Mercury speciation sampling was performed at the Boswell
Energy Center using the Ontario Hydro method. The work was completed by Roy F. Weston,
Inc., (WESTON), the Energy & Environmental Research Center (EERC), and CONSOL, R&D
(CONSOL). The mercury speciation sampling activities were performed by WESTON. The
EERC completed the mercury analysis and used mercury continuous emission monitoring
systems (CEMS) to provide continuous mercury measurements. CONSOL was responsible for

collection and analysis of the coal, ash, and scrubber liquid samples.
The test program was performed during the period of March 20 through 28, 2000.

This test report presents the test data and test results of the mercury speciation sampling program
performed at the Boswell Energy Center. This report contains all test results and discussions for
the speciated mercury testing performed on Units 2, 3 and 4. Appendices of the detailed test data
and test results, raw test data, process data, laboratory reports, equipment calibration records and

sample calculations are also provided.
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Per the requirements of the ICR and to satisfy the specific DOE contract requirements the report
format followed EPA’s Emissions Measurement Center (EMC) guideline document (GD-043)

titled, Preparation and Review of Emission Test Reports.

1.2 TEST PROGRAM OBJECTIVES

During the test program mercury emissions testing using the Ontario Hydro method were
performed on the inlet and outlet of the baghouse serving Unit 2, the wet particulate scrubber
serving Unit 3 and the sulfur dioxide (SO;) flue gas desulfurization (FGD) scrubber control
system serving Unit 4. Mercury CEMS measured mercury concentrations at the outlets of Units
2,3, and 4. Representative samples of the coal, ash, and scrubber liquid streams were sampled in

conjunction with the emissions testing.
The specific objectives of this test program were as follows:

* Characterize the emissions of particulate-bound, elemental and oxidized mercury
from the three coal fired boilers.

* Simultaneously measure concentrations and mass rates of speciated mercury at the
inlet and outlet of the control device on each of the three coal fired boilers.

* Obtain and analyze representative samples of the coal, baghouse ash and scrubber
liquid streams for the purpose of determining mercury levels and to establish a
material balance for mercury. Ash samples of the Unit 4 electrostatic precipitator
(ESP) which is part of the Unit 4 stack reheat system were also collected and
analyzed.

* Obtain and analyze representative samples of the coal for the purpose of determining
heating value, ash content, sulfur and chlorine levels.

= Determine the carbon content of the ash streams.

* Perform mercury measurements using two mercury CEMS in conjunction w1th
mercury testing at the outlet on each of the three units.

* Document corresponding boiler, baghouse and scrubber operations along with facility
CEMS data.

The sampling, analytical and Quality Assurance (QA) procedures used during this test program
were documented in the Site-Specific Sampling/Testing, Analytical and QA/QC Plan and in the
Quality Assurance Project Plan (QAPP) dated May 1999. Although not a specific objective of
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the original program the major ash elements for the coal, baghouse ash, Unit 4 ESP ash and

scrubber liquid samples were determined to provide additional characterization of these streams. -

1.3 SAMPLE LOCATIONS ¢

Representative samples from the following solid streams were collected and analyzed:

* Clean Coal Feed (Units 2, 3 and 4).
* Baghouse Ash (Unit 2).
* ESP Ash (Unit 4).

Representative samples from the following liquid streams were collected and analyzed:

* Particulate Scrubber Overspray (Unit 3).
* Particulate Scrubber Discharge (Unit 3).
* FGD Scrubber Overspray (Unit 4).

* FGD Scrubber Discharge Overflow (Unit 4)

Flue gas stream emission samples were collected at the following locations:

= Unit 2 Baghouse Inlet and Outlet.
= Unit 3 Particulate Scrubber Inlet and Qutlet.
=  Unit 4 FGD Scrubber Inlet and Outlet.

1.4 POLLUTANTS MEASURED

Table 1-1 presents a summary of process solid and flue gas streams and the associated pollutants

and parameters measured during the test program.

1.5 TEST PROGRAM KEY PERSONNEL

The key personnel who coordinated and performed the test program, their project responsibilities

and their phone numbers are:
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TABLE 1-1

BOSWELL ENERGY CENTER
UNITS 2,3 AND 4
PROCESS SOLID, LIQUID AND FLUE GAS STREAMS
WITH POLLUTANTS/PARAMETERS

Location/Stream Type

Pollutant or Parameter

Units 2, 3 and 4 Clean Coal Feed

Mercury.

Chlorine.

Sulfur.

Major ash elements (SiO,, ALO;, TiOs
Fe,03 CaO, MgO, Na,0, K;0, P,0s SO3)
Heating value.

Moisture value.

Ultimate and proximate analyses.

Unit 2 Baghouse Fly Ash

Unit 3 Particulate Scrubber Solid
Unit 4 FGD Scrubber Solid

Unit 4 ESP Ash

Mercury.
Carbon.
Major ash elements.

Unit 3 Scrubber Overspray Liquid

Unit 3 Particulate Scrubber Discharge Liquid

Unit 4 FGD Overspray Liquid

Unit 4 FGD Scrubber Discharge (Liquid Overflow)

Mercury.
Major ash elements.
Ph

Unit 2 Baghouse Inlet/Outlet,
Unit 3 Scrubber Inlet/Outlet,
Unit 4 FGD Scrubber Inlet/Outlet

Particulate and vapor phase mercury
(including speciation of vapor phase).

Unit 2 Baghouse Outlet
Unit 3 Scrubber Outlet
Unit 4 FGD Scrubber Outlet

Total mercury (CEM Analyzers)

Unit 4 ESP (Stack Reheat) Duct

Volumetric Flow

Note: Following sample collection, the Unit 3 scrubber discharge and the Unit 4 FGD dlscharge
samples were filtered to obtain the scrubber solid samples.
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Contact
Name

Project
Responsibility

Telephone
Number

Facsimile
Number

MP

Mr. Tim Hagley

Corporate Environmental Contact

(218) 722-5642 x 3423

(218) 723-3916

Mr. Joe Muller

Plant Environmental Engineer

(218) 328-5711 x4763

(218)328-5711

DOE

Mr. Tom Brown

Project Manager

(412) 386-4691

(412) 386-5917

Mr. Scott Renninger

Project Manager

(304) 285-4790

304-285-4638

EPA

Mr. William Grimley

ICR Program Manager

(919) 541-1065

(919) 541-1039

WESTON

Mr. Jeff O’Neill

Project Leader

(610) 701-7201

(610) 701-7401

EERC

Mr. Dennis Laudal

Project Leader

(701) 777-5138

(701) 777-5181

CONSOL

Mr. Matt Devito

Project Leader and Process Observer

(412) 854-6679

(412) 854-6613
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2. PLANT AND SAMPLING LOCATION DESCRIPTIONS

21 BOSWELL ENERGY CENTER

The Boswell Energy Center consist of four electric generating units. All of the units at this
Station burn western subbituminous coal delivered to the Station by rail from the Powder River

Basin area of Montana and Wyoming.

2.1.1 Unit2

Identical Units 1 and 2, built in the late 1950s, each have a heat input rating of 750 MMBtu/hr
and a generating capacity of 74 MW gross. These units are equipped with Riley wall-fired
boilers with low-NOy burners. A baghouse is used to control the particulate emissions for both
Units 1 and 2. The baghouses use reverse air for cleaning and are designed for 99.7% particulate
collection efficiency with an air-to-cloth ratio of 1.9:1. The flue gas exit temperatures range from
300° to 400° Fahrenheit (F) and are normally ducted to a common stack, with Unit 3 for use as

reheat for Unit 3 particulate scrubber flue gases.

See Figure 2-1 for the Unit 2 process schematic.

2.1.2 Unit3

Unit 3 was constructed in the early 1970s and has a heat input rating of 3355 MMBtwhr and a
generating capacity of 375 MW gross. This unit has a tangentially-fired combustion Engineering
(CE) boiler equipped with a Krebs Engineers Elbair Wet Scrubber for particulate control. This
scrubber uses high pressure water sprays and punch plates for the particulate collection system.
The induced draft fans are located in the wet gas stream exiting the scrubber. The addition of hot
flue gas from Units 1 and 2 is used to reheat Unit 3 flue gas as it exits the stack. The wet

scrubber is designed for 96% particulate collection efficiency and also removes approximately
25% of the SO,.

See Figure 2-2 for the Unit 3 process schematic.
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2.1.3 Unit4

Unit 4 was constructed in early 1980 and it is the largest boiler at the Boswell Energy Center
with a heat input rating of 5109 MMBtu/hr and a generating capacity of 580 MiW gross. This unit
has a tangentially-fired Combustion Engineering boiler which is designed for stagged
combustion to reduce NOx emissions. This unit is equipped with an air quality control system
supplied by Peabody Process Systems. It consists of four separate modules each having a venturi
scrubber. The venturi scrubber is designed for 99.7 particulate collection efficiency, and 85.4%
SO, removal (with designed reheat). The reheat bypass is equipped with an ESP to maintain
particulate emissions within specifications. The maximum bypass flow to the ESP is 5% of the

total flue gas and is nominally 2%.

See Figure 2-3 for the Unit 4 process schematic.

2.2 PROCESS SAMPLING LOCATIONS AND SAMPLING PROCEDURES

The process stream samples discussed below were collected by CONSOL field personnel. All
sampling was conducted following standard procedures based on sound engineering practices.
These samples were transported from the Clay Boswell Energy Center to the CONSOL
laboratory located in Library, PA by CONSOL personnel. Upon arrival, the samples were
checked for completeness and then logged into our analytical database. Sample request sheets
were submitted and where appropriate, additional sample preparation was completed. A

summary of the sampling procedure used for each of the sample streams is discussed as follows:
2.21 Unit2

2.2.1.1  Unit 2 Coal Sampling

Representative pulverized coal samples from Unit 2 were obtained from discharge of the
volumetric feeders. These feeders are located immediately upstream of the coal mills. There are
four feeders. Feeders A, C, and D are similar and feed similar volumes of coal. Feeder B is
approximately twice as large as the other feeders and delivers approximately twice the amount of

coal. During the testing, Unit 2 fired a blended coal from Nerco and Peabody. Nerco coal was
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fed through feeders A and B while Peabody coal was fed through feeders C and D. As a result of
the feeder size, the approximate coal blend was 60% Nerco and 40% Peabody.

Sampling was conducted at 20 minute intervals from feeders A and D. The §ample increments
were obtained by opening the lower access window and inserting a custom-made flat scoop that
collected an entire cross-section of coal as it dropped from the feeder bucket to the mill hopper.
A total of 18 (2 per each sampling period) increments were obtained. To achieve the proper
blend, 11 samples were obtained from feeder A and 7 from feeder D. The first sample increment
was taken during the onset of the flue gas mercury sampling and the final sample increment was
obtained near the completion of the flue gas sampling. The condition of the sampling equipment
was checked and verified prior to each use as was the operating status of the boiler. All of the
increments were stored in a double-lined plastic bag that was further sealed in an air-tight plastic

bucket.

2.2.1.2 Unit 2 Baghouse Ash Hopper Sampling

Unit 2 is equipped with a fabric filter baghouse for particulate removal. The baghduse is
equipped with eight ash hoppers. Each hopper is fitted with an access pipe located near the
bottom of the hopper and angled toward the base of the hopper. Sampling was conducted
through these access pipes using a sampling thief (slotted tube). The hoppers were cleaned out
by plant personnel just prior to the flue gas measurements. After clean-out, the hoppers were
allowed to fill with ash. A fly ash sample was collected from each hopper utilizing a sample
thief inserted into the base of the hopper through the access pipes. The composite samples were

size-reduced on-site and retained in pre-cleaned glass bottles.
2.2.2 Unit3

2.2.2.1 Unit 3 Coal Sampling

Representative pulverized coal samples from Unit 3 were obtained from sample access ports
located on each of the feeder hoppers. There are six hoppers that supply coal to five volumetric
feeders. The feeders are identified as A through E. All feeders supply similar volumes of coal

with feeder A out of service. During the testing, Unit 3 fired a blended coal from Nerco and
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Peabody. Nerco coal was fed through feeder E with Peabody coal fed through all the other

operating feeders. This resulted in an approximate coal blend of 25% Nerco and 75% Peabody.

Sampling was conducted at 20 minute intervals. The sample increments were obtained by
inserting a sample thief (slotted pipe) into the access port and collecting the coal as it slowly feed
out of the hopper. A total of 40 increments were obtained (5 per sampling period). To achieve
the proper blend, an equal number of increments were obtained from each feeder. The first
sample increment was taken during the onset of the flue gas Hg sampling and the final sample
increment was obtained near the completion of the flue gas Hg sampling. The condition of the
sampling equipment was checked and verified prior to each use, as was the operating status of
the boiler. All of the increments were stored in a double-lined plastic bag that was further sealed

in an air-tight plastic bucket.

2.2.2.2 Unit 3 Particulate Scrubber Slurry (Scrubber Solids & Slurry Filtrate)

Unit 3 utilizes a wet particulate scrubber for particulate removal. The scrubber discharge water is
pumped from holding tanks located below the scrubber to a flume box where it is combined with
other liquid streams. The combined liquids in the flume box are directly conveyed to a clarifier
for solids removal. The particulate slurry sample was obtained by collecting samples at regular
intervals from the outlet of the scrubber water discharge pipe located in the flume box. The
samples were collected with a Teflon dipper and transferred to pre-cleaned polyethylene
collection bottles. Eight sample increments were collected at regular intervals to coincide with

the flue gas measurements.
2.2.2.21 Slurry Filtrate

At the completion of each test, the sample increments were composited. The scrubber solids
were vacuumed filtered using a 24.0 centimeter (cm) Buchner® funnel fitted with a 24.0 cm
Whatman® No. 1 filter paper. The filtrate was collected in a 4 liter (L) acid-cleaned filter flask.
The filtrate was split into three samples for subsequent analysis. An 8 oz sample was used for a
field pH measurement and then discarded. A 500 milliliter (mL) sample was retained in a pre-
cleaned bottle for analysis of ionic species. A second 500 mL sample was retained in a pre-

cleaned polyethylene bottle and preserved with trace grade nitric acid for metals analysis
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including mercury. The samples retained for analysis were then transferred to an ice chest for
cold storage and transport to the CONSOL laboratory located in Library, Pennsylvania by -
company personnel. The samples were then logged into the laboratory and analytical request
sheets were completed. The liquid samples were then transferred from the ice chest to our sample

storage refrigerator.

2.2.2.2.2 Scrubber Solids

The filter paper containing the scrubber solids was transferred to a 14" diameter aluminum pan
which was placed in a forced-air oven. The scrubber solids were dried for ~4 hours at 60°C. The
percent solids was determined from the mass of the solids and slurry. After drying, the scrubber

solids were transferred to a pre-cleaned glass bottle.

2.2.2.3 Unit 3 Scrubber Overspray Water

The overspray water is used as a downwash for the particulate scrubber trays. This sample was
obtained from a tap located on the spraywater header. Sample increments were taken at regular
intervals throughout the gas measurements. These increments were stored in a polyethylene
sample bottle. This sample was split into three samples for subsequent analysis. An 8 oz sample
was used for a field pH measurement and then discarded. A 500 mL sample was retained in a
pre-cleaned polyethylene bottle for analysis of ionic species. A second 500 mL sample was
retained in a pre-cleaned bottle and preserved with trace grade nitric acid for metals analysis
including mercury. The samples retained for analysis were then transferred to an ice chest for
cold storage and transport to the CONSOL laboratory located in Library, Pennsylvania by
company personnel. The samples were then logged into the laboratory and analytical request

sheets were completed. The liquid samples were then transferred from the ice chest to our sample

storage refrigerator.
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2.2.3 Unit4

2.2.3.1 Unit 4 Coal Sampling

Representative pulverized coal samples from Unit 4 were obtained from sample access ports
located on each of the feeder hoppers. There are seven hoppers that supply coal to eight
volumetric feeders. The feeders are identified as A through G. All feeders supply similar
volumes of coal. Feeder A was out of service during the first test and feeder E was out of service
for tests 2 and 3. During the testing, Unit 4 fired a blended coal from Nerco, Peabody and Decker
coal suppliers. The coal was fed to the boiler in a manner that resulted in one-third Nerco, one-
third Peabody, and one-third Decker. Sampling was conducted at 20 minute intervals. The
sample increments were obtained by inserting a sample thief (slotted pipe) into the access port
and collecting the coal as it slowly fed out of the hopper. A total of 40 increments were obtained
(5 per sampling interval). To achieve the proper blend, an equal number of increments were
obtained from each feeder. The first sample increment was taken during the onset of the flue gas
Hg sampling and the final sample increment was obtained near the completion of the flue gas Hg
sampling. The condition of the sampling equipment was checked and verified prior to each use
as was the operating status of the boiler. All of the increments were stored in a double-lined

plastic bag that was further sealed in an air-tight plastic bucket.

2.2.3.2 Unit 4 FGD Scrubber Slurry (Scrubber Solids & Slurry Filtrate)

Unit 4 utilizes a wet FGD scrubber for SO, and particulate removal. The FGD scrubber liquid is
constantly re-circulated with some fraction removed through a continuous blowdown (overflow).
The FGD scrubber slurry sample was obtained from the two FGD blowdown pipes. Prior to
testing CONSOL personnel drilled a 1" hole in each blowdown pipes. Samples were obtained at
regular intervals by inserting a slotted pipe into the holes and collecting a portion of the-
blowdown liquor in a 5 gallon bucket. This slurry solution was stirred and then a portion of this
liquor was decanted into a 1000 mL pre-cleaned polyethylene sample bottle. Eight sample

increments were collected at regular intervals to coincide with the flue gas measurements.
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2.2.3.2.1 Slurry Filtrate

At the completion of each test, the sample increments were composited. The FGD scrubber
solids were vacuumed filtered using a 24.0 cm Buchner® funnel fitted with a £4.0 cm Whatman
No. 1 filter paper. The filtrate was collected in a 4L acid-cleaned filter flask. The scrubber slurry
filtrate was split into three samples for subsequent analysis. An 8 oz sample was used for a field
pH measurement and then discarded. A 500 mL sample was retained in a pre-cleaned
polyethylene bottle for analysis of ionic species. A second 500 mL sample was retained in a pre-
cleaned polyethylene bottle and preserved with trace grade nitric acid for metals analysis
including mercury. The samples retained for analysis were then transferred to an ice chest for
cold storage and transport to the CONSOL laboratory located in Library, Pennsylvania by
company personnel. The samples were then logged into the laboratory and analytical request
sheets were completed. The liquid samples were then transferred from the ice chest to our sample

storage refrigerator.

2.2.3.2.2 Scrubber Solids

The filter paper containing the FGD scrubber solids was transferred to a 14" diameter aluminum
pan which was placed in a forced-air oven. The scrubber solids were dried for ~4 hours at 60°C.
The percent solids was determined from the mass of the solids and slurry. After drying, the

scrubber solids were transferred to a pre-cleaned glass bottle.

2.2.3.3 Unit 4 ESP Ash Hopper Sampling

Unit 4 is equipped with an (ESP) that controls particulate emissions on the ~5% gas flow that
bypasses the FGD scrubber. The ESP is equipped with two ash hoppers. Each hopper is fitted
with a pressurized holding bin located downstream of an air-lock valve immediately below the
hopper. Sampling was conducted through a pressure release valve located on the bin of the
second hopper. A fly ash sample was collected from this valve by placing a buckef, fitted with an
expansion bag, over the opened release valve during the entire duration of the flue gas

measurements. The composite samples were size-reduced on-site and transferred to pre-cleaned

glass bottles.
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2.2.3.4 Unit 4 Scrubber Overspray Water

The overspray water is used as a downwash for the FGD/particulate scrubber trays. This sample 7
was obtained from a tap located on the spraywater pressure line feeding the orifice flow meter.
Sample increments were taken at regular intervals throughout the gas measurements. These
increments were stored in a polyethylene sample bottle. This sample was split into three samples
for subsequent analysis. An 8 oz sample was used for a field pH measurement and then
discarded. A 500 mL sample was retained in a pre-cleaned polyethylene bottle for analysis of
ionic species. A second 500 mL sample was retained in a pre-cleaned polyethylene bottle and
preserved with trace grade nitric acid for metals analysis including mercury. The samples
retained for analysis were then transferred to an ice chest for cold storage and transport to the
CONSOL laboratory located in Library, Pennsylvania by company personnel. The samples were
then logged into the laboratory and analytical request sheets were completed. The liquid samples

were then transferred from the ice chest to our sample storage refrigerator.

2.3 FLUE GAS SAMPLING LOCATIONS

2.3.1 Unit 2 Baghouse Inlet

The baghouse inlet testing was performed in a horizontal section of steel ductwork that was 114
inches deep by 132 inches high (inside dimensions). Five test ports (A through E) that were used
for multi-point sampling traverses were positioned vertically at a location 1.3 equivalent diameters
(156 inches) downstream and 0.46 diameters (56 inches) upstream of the nearest gas stream flow
disturbances. EPA Method 1 requires a minimum of 25 traverse points, 5 per port axis, for this duct

configuration. The test port locations and traverse point distances are provided in Figure 2-4.

2.3.2 Unit 2 Baghouse Outlet

The baghouse outlet testing was performed in a vertical section of the 120 inches x 120 inches
(internal dimensions) steel ductwork. The ports were positioned horizontally at a location 5.5
equivalent diameters (55 feet) downstream and 0.5 diameters (5 feet) upstream of the nearest gas

stream flow disturbances. EPA Method 1 requires a minimum of 30 traverse points, 5 per port
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axis, for this configuration. The baghouse outlet test port locations and traverse point distances

are indicated in Figure 2-5.

A portion of the filtered flue gas stream downstream of the baghouse outlet test site is
recirculated back to the baghouse at intermittent rates to clean an offline compartment. Figure 2-
5 illustrates the location of the baghouse recirculation air duct and associated ID fan in relation to

the baghouse outlet test location.

2.3.3 Unit 3 Scrubber Inlet

The inlet samples were collected at the existing sample ports in the duct at the inlet to the

particular scrubber. A schematic and cross section of the inlet location is shown in Figure 2-6.

The sampling ports are located in a horizontal section of steel ductwork that is 121" deep and
114 feet wide. Eighteen sample ports (A through R) are aligned on the top of the duct 2 feet

downstream and 8 feet upstream of the nearest gas stream flow disturbances. These test ports do

not meet the EPA Method 1 criteria. No locations exist between the boiler and the wet particulate . .

scrubber that would satisfy the Method 1 requirements.

Sample traverse points for the inlet location were selected and are shown in Figure 2-6. The duct
is split internally in half. Due to internal obstructions, several of the sample ports were not

available for Ontario Hydro testing.

Of the 18 test ports, eight (B, C, D, 1, J, N, P and Q) were available for isokinetic mercury
sampling. Velocity measurements were performed in conjunction with the mercury testing on
ports E, F, G, H, K, L, M and O to determine the total volumetric flow at the inlet location. Test
ports A and R contained scrubber pressure drop measurement equipment and were not available

for testing.

2.3.4 Unit 3 Scrubber Outlet

The scrubber outlet samples were collected at the existing sample ports in the exhaust duct from
the wet particulate scrubber. Samples could not be taken at the stack test location because flue

gases from Units 1, 2 and 3 use the common stack. The ports are in position 4' upstream of
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where the flow turns 90° up into stack and 10’ downstream from a bend in the duct leading from
the scrubber discharge fans. The sampling location for the exhaust duct from the Unit 3 wet -
particulate scrubber did not meet EPA Method 1 criteria. The sampling ports are located in a
horizontal section of steel ductwork that is 15’ wide by 30" deep. Five samplé ports (A through
E) are aligned on the top of the duct.

Due to the 30" depth of the duct only one-half of the duct was traversed for sampling. Sample
traverse points for one-half (15') of the duct depth were selected according to EPA Method 1.

The scrubber outlet volumetric flow was calculated based on the volumetric flow measured at the

scrubber inlet location accounting for dilution air introduced across the scrubber.

A schematic and cross section of the outlet location are shown in Figure 2-7.

2.3.5 Unit 4 Scrubber Inlet

The inlet samples were collected at existing sample ports in the duct at the inlet to the scrubber.
A schematic and cross section of the inlet location are shown in Figure 2-8. The sampling ports
are located in two horizontal sections of steel ductwork. Four sample ports are aligned on the top

of each duct.

During the test program all isokinetic mercury testing was performed on one (Duct B) of the two
ducts. Velocity measurements were performed on the other (Duct A) in order to calculate the

total volumetric flow at the inlet to the scrubber.

The test ports on Duct A were positioned 167" (0.9 diameters) 'upstream and 492" (2.5

diameters) downstream of flow disturbances. The duct is 157" deep and 264" wide where the test

ports are located.

CORPOS|N:\FOLDERS.A-F\DOE\080B-RPT.DOC 2_ 1 6 05/19/00



BEND

' LINE
! A
EXPANSION : ®
DUCT ! B @
. C
! ® STACK
! D @
: E@
]
:< >L !
: 10 g
A B C D E
HERERERREE )
O 0000 TEST PORT/ | DISTANCE FROM
TRAVERSE INSIDE NEAR
0000 o POINT WALL (INCHES)
O 000 ‘ A.B.C.D.E-1 18
2 54
O 0000 20 2 %0
® 0000 L._ 4 126
5 162
Y
181" i
FIGURE 2-7

UNIT 3 SCRUBBER OUTLET TEST SITE
PORT AND TRAVERSE POINT LOCATIONS

2-17




-

O SCRUBBER

-
B

0
B} & .
-]
o
(@]
J w [
SAMPLE A 167 | Q 236" g
L
LOCATIONS DUCT _X_ 0000 eeee | DUCT
ABCD ABCD
492" 432"
iyt
A B C D : ISOKINETIC | DISTANCE FROM
1 1 rinr - TEST PORT/ INSIDE NEAR
LR BN B N ) TRAVERSE WALL
? 9 © O O POINT (INCHES)
B 3 9 0 @ @O 145" AB,C,D-1 12
4 2 36
DUCT 000 3 60 1/2
S 9000 4 84 1/2
A K N N BN 5 108 3/4
- 6 132 7/8
[~ - ‘
264"
A B C D VELOCITY DISTANCE FROM
I O O I O TEST PORT/ INSIDE NEAR
A
1 ® @@ O TRAVERSE WALL
2 9 0O @ POINT (INCHES)
a O 00 @ |57 A.B,C,D-1 13
pucetr 000 2 39 1/4
3 65 1/2
S 9000 4 91112
‘ @ @ @ O 3 5 117 3/4
| | - 6 144
a 264"
FIGURE 2-8

UNIT 4 SCRUBBER INLET TEST SITES

PORT AND TRAVERSE POINT LOCATIONS
2-18




Duct B is 145" deep and 264" wide where the test ports are located. The ports are positioned

236" (1.3 diameters) upstream and 432” (2.4 diameters) downstream of flow disturbances.

A total of six points per port (24 total) were used for isokinetic sampling in Duct B and to

measure the gas stream velocity in Duct A.

2.3.6 Unit 4 Scrubber Outlet

A total of four (4) 6" ID test ports are in place on the 37’ 4” ID stack which serves Unit 4. The
test ports are located 324’ (8.7 diameters) from the nearest downstream disturbance and 235’ (6.4

diameters) from the stack discharge point.

A total of three points per port (12 points total) were sampled. The Unit No. 4 stack is an ideal
test location and satisfies all EPA Method 1 criteria for test port location. See Figure 2-9 for a

schematic of the Unit No. 4 stack test location.

2.3.7 Unit4 ESP Duct

Volumetric flow measurements were obtained on the outlet of the Unit 4 ESP flue gas reheat
duct. Two 4" ID test ports are in place on the 80” ID horizontal duct. The test ports are located

30° (4.5 diameters) from the nearest downstream disturbance and 3’ (0.4 diameter) from the

nearest upstream disturbance.

A total of 16 traverse points (8 per axis) per EPA Method 1 were used to measure the gas stream

velocity during each mercury test period on Unit 4.
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3. SUMMARY AND DISCUSSION OF TEST RESULTS

3.1 TEST PROGRAM OBJECTIVES

The specific objectives of this test program are restated in this section and are as follows:

Characterize the emissions of particulate-bound, elemental and oxidized mercury
from the three coal fired boilers.

Simultaneously measure concentrations and mass rates of speciated mercury at the
inlet and outlet of the control device on each of the three coal fired boilers.

Obtain and analyze representative samples of the coal, baghouse ash and scrubber
liquid streams for the purpose of determining mercury levels and to establish a
material balance for mercury. Ash samples of the Unit 4 electrostatic precipitator
(ESP) which is part of the Unit 4 stack reheat system were also collected and
analyzed.

Obtain and analyze representative samples of the coal for the purpose of determining
heating value, ash content, sulfur and chlorine levels.

Determine the carbon content of the ash streams.

Perform mercury measurements using two mercury CEMS in conjunction with
mercury testing at the outlet on each of the three units.

Document corresponding boiler, baghouse and scrubber operations along with facility
CEMS data.

3.2 SAMPLING/TESTING, ANALYTICAL AND QC MATRICES

The detailed sampling/testing, analytical and QC matrices for this survey are presented on Tables

3-1, 3-2, 3-3, and 3-4 for the coal, ash, scrubber solids and liquid, and flue gas sampling

locations, respectively. Each table specifies the following components:

Sampling point identification and description.
Test objective, number and length of test runs performed, and samples/data collected.

Parameters measured.
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te

* Sampling or monitoring methods employed, including sample preservation technique.
Maximum sample holding time.

= Sample preparation/extraction and analysis methods applied.

. . ]
* Sampling and analytical program design (i.e., number of samples collected/analyzed
by type and method). This includes the number, or frequency and type, of QC
samples analyzed for each parameter.

* Laboratory that analyzed each type of sample.

3.3 PRESENTATION OF RESULTS

3.3.1 Mercury Speciation Test Results

A summary of the Ontario Hydro method mercury speciation test results are presented on Tables
3-5,3-6, 3-7 and 3-8 for Units 2, 3, and 4, respectively.

Table 3-5 presents the measured mercury concentrations in micrograms per cubic meter (ug/m’)
for each test run and provides the percent of particulate, oxidized and elemental mercury in

comparison to the total mercury.

Tables 3-6, 3-7, and 3-8 presents the mercury concentrations and mass rate values for particulate,
oxidized, elemental and total mercury for each individual test run along with the measured
volumetric flow rates. Average values with the standard deviation (SDEV) and percent relative

standard deviation (% RSD) have been calculated and are presented.

3.3.1.1 Unit2

For Unit 2 baghouse inlet an average of 35% of the total mercury measured is particulate bound
mercury. On average the oxidized mercury was 27 percent of the total and the elemental
mercury was approximately 38 percent of the total mercury collected. At the Unit 2 baghoﬁsé-
outlet, oxidized mercury comprised the highest of the total at 76 percent. The elemented

mercury was 22 percent of the total and the particulate bound mercury was less than two percent.
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TABLE 3-5
COMPARISON OF MERCURY SPECIATION TO TOTAL MERCURY RESULTS
UNITS 2,3 AND 4

Unit 2 Inlet
Mercury Species L Run 1 Run 2 Run3 Average
(ug/m3) % of Total (ug/m3) % of Total (ug/m3) % of Total % of Total
Particulate Bound Mercury Emissions 229 44.67 1.58 42.19 0.67 18.37 35.08
Oxidized Mercury Emissions 1.51 29.44 1.00 26.67 0.93 25.76 27.29
Elemental Mercury Emissions 1.33 25.89 1.16 31.14 2.02 55.87 37.63
Total Mercury Emissions 5.13 100.00 3.74 100.00 3.62 100.00 100.00
Unit 2 Qutlet
Mercury Species Run 1 Run 2 Run3 Average
(ug/m3) % of Total (ug/m3) % of Total (ug/m3) % of Total % of Total
{Particulate Bound Mercury Emissions 0.06 5.01 0.003 0.61 < 0.001 0.00 1.87
l{Oxidized Mercury Emissions 1.01 85.66 0.27 59.41 0.45 82.87 75.98
Elemental Mercury Emissions 0.11 9.33 0.18 3998 0.09 17.13 22.15
Total Mercury Emissions 1.17 100.00 0.45 100.00 0.54 100.00 100.00
Unit 3 Inlet
Mercury Species Run 1 Run 2 Run 3 Average
(ug/m3) % of Total (ug/m3) % of Total (ug/m3) % of Total % of Total
Particulate Bound Mercury Emissions 0.01 0.23 < 0.02 0.00 0.05 0.99 0.41
Oxidized Mercury Emissions 0.22 3.94 0.27 5.02 0.53 10.55 6.50
Elemental Mercury Emissions 5.25 95.84 5.20 94.98 4.49 88.47 93.09
Total Mercury Emissions 5.48 100.00 5.47 100.00 5.07 100.00 100.00
Unit 3 Qutlet
Mercury Species Run 1 Run 2 Run 3 Average
(ug/m3) % of Total (ug/m3) % of Total (ug/m3) % of Total % of Total
Particulate Bound Mercury Emissions 0.002 0.04 < 0.001 0.00 0.002 0.04 0.02
Oxidized Mercury Emissions 0.04 0.79 0.05 1.15 0.05 1.07 1.00
Elemental Mercury Emissions 485 99.17 4.37 98.85 438 98.90 98.97
Total Mercury Emissions 4.89 100.00 442 100.00 4.42 100.00 100.00
Note: Non-detect values are not included in the Total Mercury Emissions values. Therefore, the "% of Total"
values for non-detects are presented as zeros.
5/19/00
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TABLE 3-5 (cont.)
COMPARISON OF MERCURY SPECIATION TO TOTAL MERCURY RESULTS
UNITS NO. 2,3 AND 4

Unit 4 Inlet
Mercury Species Run 1 Run 2 Run 3 Average
(ug/m3) % of Total (ug/m3) % of Total (ug/ma3) % of Total % of Total
[Particulate Bound Mercury Emissions 0.09 1.85 2.62 54.10 2.41 61.53 39.16
{Oxidized Mercury Emissions 028 6.01 0.94 19.32 048 1229 12.54
Elemental Mercury Emissions 432 92.14 1.29 26.58 1.02 26.18 48.30
Total Mercury Emissions 4.69 100.00 4.85 100.00 391 100.00 100.00
Unit 4 Outlet
Mercury Species Run 1 Run 2 Run 3 Average
(ug/m3) % of Total (ug/m3) % of Total (ug/m3) % of Total % of Total
Particulate Bound Mercury Emissions 0.021 0.42 0.170 3.04 0.233 434 2.60
Oxidized Mercury Emissions o 0.09 1.91 0.38 6.77 0.49 9.07 5.92
Elemental Mercury Emissions B 485 97.68 5.04 90.19 4.64 86.59 91.48
Total Mercury Emissions 4.97 100.00 5.59 100.00 | 5.36 100.00 100.00
Note: Non-detect values are not included in the Total Mercury Emissions values. Therefore, the "% of Total"
values for non-detects are presented as zeros.
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0:\S\A\doe\minnpower\unit 2,3,4 % summary.xls



SN LHING T LINA ONGAH OfSV LNO/TII 330w 500 A7 ) o

6-¢
*((BH wwgL) FH sayoul 26'6Z pue ('D “Fap 0) "4 "8ap 7€ ) 1Mdw ognd [BWION = EWN (2)
*(FH wwpg,) BH saydul 26°62 pur (D “Fap 07) ' "Fap 89 = suonipuod paepurrs (1)
0’6 80°0 %98 %68 %16 %LL *ADNAIDIA4Ad TYAOWEY AUNDYIN TV.LOL
8°LS $Y0-ALT'T $0-3£6°¢ $0-4$8°C $0-409'T $0-3¥$°9 6'S1 $0-3LY°E £0-31€°T £0-310'C £0-912°C £0-32L°T y/sq) es vogssiwg
LS Pe0 §9°0 0s°0 1v°0 S0t |4 €0 06t 15°¢ 8'e 9¢'y ‘rag ;,01/54] “Sied uotssiwg
8'pS wo Lo 8S°0 840 9Tl [ N114 060 'y 68°¢ 0% [V Y (o (WN/3n U0
8'ts (4] 0o S0 Sv'0 L1l 1oz $8°0 91’y 9t L' £1's .ER: *rau0)
' ‘SNOISSING AYNIOUAN TY.LOL
9'SE S0-Ary'T §0-398°9 S0-368'% S0-485°6 $0-901°9 76T Y0-ASY'T $0-d8¢'8 £0-321°1 $0-368°9 $0-390°L “ay/sq) e uoissiwg
0'LE $0°0 0 60°0 L10 01’0 4y 9°0 £l 96°1 61°1 el ‘g ,01/54] ‘3ed uoissiwg
6'SE §0°0 1°0 oro 61°0 o v 0t 60 19°1 Lre Szl A w (@ (UN/BN *3u0)
6'S¢ §0°0 £1°0 600 81°0 1o $'0¢ 90 1s°'1 we 91l €'l nE\mz ou0)
:SNOISSIAZ AYNDIYAN TVININWIATI
0°0L $0-361°T $0-A€1E $0-39€°C $0-4Tv'1 $0-309°¢ (Y4 $P0-ALY"1 $0-49¢°9 $0-3L1°§ $0-306°S $0-300'8 "Iy/sq) ‘el vopssiwg
€59 PE0 50 [§20) sTo 060 €81 07’0 L0t 06°0 2wl 8Tl ‘g ,,01/54| ‘@es uoissiwg
Ly 10 90 8Y°0 62°0 80'1 S'Le $e0 £l 00°1 L01 w91 w qEz\us ou0)
L 6£°0 50 Sv'o LT0 101 §'LT €0 srt 160 001 161 (w/dn auo)
SNOISSING A¥NDYIW A3ZIAIXO
Lol SO-dp8°1 SO-AIL’] LO-98Z°S > 90-39%°I S0-487't pIs P0-3I€’y $0-46£°8 $0-989°t $0-3£L°6 £0-317°1 “Iy/sqp ated uotssiwg
9°901 £0°0 £0°0 1000 > £00°0 £50°0 €8y 89°0 ol $9°0 1971 $6°1 g ,,01/5q] ‘AR volssiwg
67901 +0°0 £0°0 100°0 > £00°0 £90°0 6'€S L8°0 91 1’0 69°1 e (@ (WN/n ou0)
67901 £0°0 £0°0 100y > £00°0 6500 6'€S 18°0 151 L9°0 8’1 67°C (w/an *ouo)
‘SNOISSIAG AUNJYAW ANNOG ALVINDILYVd
67 6LI'Y 000°v¥1 00¥'orl 00l'evl 009°8¥1 9's 187'8 001°‘6v1 008°Lyl 000851 009'1¥1 1y WIWZEISD Moy dinawnjoa weans sed -fay
Ll 06S'y 008°'897 001'997 04299 001'pLT s's L8E'ST 008°LLT W0'6LT 00§'267 008°192 “utu/poRM MOl SLIaWnoA weans sed “fay
Ll 80 v 1424 144 LSy §'s 4 £y 1944 99y 8’1y *038/7Y *A100[9A weans sed ‘Fay
80 $S°T (233 SEE g€ 9¢€¢ 9l Is°s 8pe LYE £re ¥S€ 4 Fop ‘aumesadwa Sy
'VLVA MO'1d DRLLAWNTOA ANV ALIDOTIA WYEULS SYD
Ly 8°LT 9°168 0'eLs £6LS v'E79 Ly $°LT 9°165 0'ZLS £6LS P9 (Joe4-4 "3ay) Jy/mg 01 “Indu] 1eay
70 007 S06'8 906'8 +88'8 ¥26'8 70 007 S06'8 906'8 +88'8 ¥26'8 (P3Ataal1 sB)"qi/rag ‘1031609 rug [e0)
o 9°8¢1 0899 09L'¥9 09L'¥9 0z8'v9 7o 9°8¢l 089'v9 09L'v9 09L'¥9 0s'v9 “Y/q] A pasy [eo)
70 10 9'9s L'9§ L9s §'9¢ 7o [ X1} 99§ L9S L'9§ §'9¢ MW ‘peo1nun
(£ AdALS dOVI3AV asi%s A3ALS AOVIIAY 1YLVA SSAD0ud
pry1-0€T1 8€01-1780 L0S1-SpT1 Syp1-0£T1 0v01-0280 80§1-SvT1 porsad awn 1sa
00/v2/¢ 00/v2/¢ 00/€2/¢ 00/2/t o/ye/e 0/ET/E ANep sy
BENG T NuN W zaun uopexr]
€ 4 ! € 4 1 JAqUINU ung 3831

‘VLvVQ LS3L

T "ON LINN
SLINSHY LSAL NOLLYIDALS AUNDYINW 40 AIVINNNS
9-¢ 419V.L



asd%

To¢

9r
L'e
6'S
6's

8y
6'C
re
19

6vl
S'Sl
L'et

0Lt
e
9Lt
9Lt

(3¢

[ 8¢
¥0

[
81
60
80

LIINGC LN OYGAH ONVLNOCHUN S modWusrsop, Vo370

20-dv6’y

PO-ACL'L
sto
67°0
Lo

p0o-dv6L
SIo
0€°0
870

$S0-ALY'T
100
100
100

90-4v9°1
000
000
000

(YA
s0
£5°0

T6L
8091
9'LLl'e
9T
AlAlSs

%91

70-3L9°1
00y
16y
8Sy

T0-4S9°L
96°¢C
98’y
5y

p0-499°'1
v0°0
§0°0
§0°0

90-4L0°9
1000
700°0
200°0

006'1L6
s'se
(24

P9Iy
scL's
0z9'0LE
0'SEe
ADOVHEAY

e 4

%61

T0-9T9°1
L6'E
SL'Y
Wy

20-309°t
£6°€
69y
8ty

$0-3EL'T
¥0'0
$0°0
$0°0

90-39L°S
1000
2000
2000

00L'SL6
(413
24

£'ELOY
9'8

002'69€
0'pEE

TI11-9€80
0072e/E

%61

20-329°t
L8'E
vL'Y
[144

z0-d19°1
[4:2Y
89y
LEY

$0-498°1
00
S0°0
S00

90-367°€
1000
1000
1000

000286
6SE
x4

6'10Z%
1v9'8

00¥°89¢
0€EE

9SLI-91ST
00/12/€
WONO €N
[4

‘pantodal Jou S1 1IN0 33 10§ aTeLmOy AnuTws Jad 1235 21N [eNISY "UOMEIO] JANNO 21 T& PAMSLIW 1Q) 10§ Pa)IALIOI J3[UT € JU() ) UO Ul 153) uTpuodsalios i JO MO SLNAUM[OA P
(84 unugg.) 3K sayowt z6'6Z pue ("0 '3ap 0) "4 ‘3ap z¢ ) 1919w 313 TeuLIoN = CWIN (z)
“(8H unwugyL) 3H sayout z6'62 Pue (‘D 3p 02) “d “Fap 89 = suonrpuod prepuels (1)

vV VvV Vv

v

%l

20-3s5L't
9y
sT'§
68'v

20-3rL'1
(184
U4y
1324

¥0-48€°1
£0°0
v0'0
¥0'0

90-48¢°9
2000
009
2000

000'856
0°se
iz48

9'L1TY
126'8

09T'vLE
0'8€€

00ZT1-€060
0012/

9'¢
L'e
(44
(44

86
0’8
98
98

€8y
p'os
L'6p
L6y

b's9
899
€99
£99

(s
$T
$'T
87

6'1
8’1
60
80
asy%

01-€

€0-820°1 20-2€8'L 20-31L'1
910 8€'p oy
S0 £L's vr's
€20 ve's L0'§
€0-399'1 70-30L'L 20-31S'1
€C'0 60'p ILe
9r°0 PE'S 18y
€0 86'p 6v'y
v0-419'S €0-391'1 £0-308'1
PLo 870 vy'0
810 LEO L§°0
LT0 PE0 €50
$0-356'9 v0-390'1 v0-369'1
200 €0'0 v0'0
200 £0°0 $0°0
20°0 €0'0 500
LS9'TT 001'€1L6 00L'668
WT6e 001°265'1 002'59§"1
90 '€ LT
0z'8 167 6
T6L (2304 €ELOY
8°091 SEL's (4221
9'LLIE 0T9‘0LE 002'69¢
9T 0'see 0'vEE
AZAls ADVHIAAY
1111-5€80
0022/€
€
€ 'ON LINO

20-988°1
8’y
L8'S
LS

20-36L°1
Ty
LSS
[4Y

v0-39¥'6
€0
620
Lo

SO-ALY'S
100
200
200

00L'816

001°££9'1
L'et
667

6'102¢
199'8

00v'89€
0'¢LE

6SL1-S16T
00/12/€
PuI £
4

SLINSTY LSAL NOLLVIDAdS AANDYIN 40 AIVIAINNS

LE€ATAVL

20-368°1
8v'y
88'¢
8v's

20-318°1
6Ty
£9°6
sT'S

p0-avy'L
810
€20
wo

SO-avE'y
100
100
100

006'026

006°€LS'T
87T
€87

9LITY
126'8

09T°vLE
0'8€€

§0Z1-2060
00/12/¢

4

a1 51 MOJ ILNIWM[OA 1[N0 P gL (€

SADNFIDIJAT TVAOWEY AWNDAIN TVLIOL

“TYysq] ‘res uolssiwy

"W ,,01/8Q] ‘97 UOISSTWIY
o (WN/3n “ou0)

(w/n “au0d

!SNOISSINE AANDJUTN TVIOL

“NYsq] ‘9T UoIsSIWY

‘g ,,01/5q] "Il uolsswy
© (wN/3n “auo)

(w/3n “uony

*SNOISSING AUNDAAN TYINIWATE

“Rysql ITes uolssTWy

‘g ,,01/8q] ‘a1 UoLsSSTUIY
® nEz\m: “IU0D

(w/n “3u0)

‘SNOISSING A¥NDJATN AIZIAIX0

“TY/sq| "ores uotssTwy

‘Mg ,,01/5Q] ‘a7 UOISEILY
® (WN/3n “ouo)

nc..\m... U0

‘SNOISSINE AANDUTN ANNOE ALVINDILYVd

(I

‘UTUL§OSP ‘MO JIAUm|oA ureans sed Ay

UTW/J9BM *MOJJ LNIUM[OA ureans sed ‘gay

298y ‘A1d0[aA ureans sed ‘Say

4 3ap ‘amesedwia; “Say

‘VIVA MOTd DRLLINNTOA ANV ALIDOTIA WVIULS SVD

(Jowed-4 "3ay) y/mg 01 “ndu] eay
(paA19331 58) qUMIg JU2ju0d Mg 80D

“Ty/q] ‘ore3 pavy (80D
AW PROT NN
:¥1vd $S1D0dud

pouad aum 131,
ep 1891
uomeao
faqumu unt 189 ]
VIvVa 1siL



X 1IN P LIND OUGAH ORIV LNOM IR, Mo aop A 87 O vl

11-€

pauuINap 0N (p)
! '19Np 183YaY JSH Y pUB 100P W 13U $ UM Y WOy
MO DLIAWN[OA PAINSEAW Y] PUP 10ND G 13]Ul p AU AY) UO UL ISA) DRAUDOS] BY) WO MOLY ILIIWN[OA PAINSBIW AU LWOLJ S| MOY JLNAWNJOA 13U] [RI0L (£)
*((8H wiwogL) FH sayout 7667 pue (D “8ap 0) "4 “Fap g¢ ) JMaw digna [BWION = EWN (2)
J90p g Ay U0 paInseaw mo dndwnjoa siuasaiday (T4 wwgL) SH sayour 76°67 pue (D "3ap 07) 4 Fap 89 = suonipuod paepurs (1)

wQN an an an {ADNAIDIAAE TYAOWEY AUNDUANW TV.LOL
s £0-A9%°1 20-4p5°T 20-3v5°C 203692 20-30v°2 Lel £0-3€8'7 20-390°7 20-apL°1 20-952°T 20-302°C ay/sq) el vopssiwg
0L 1£°0 ov'y sy 19 S0y 't ov'o 95°¢ e 98'¢ we ‘g ,,01/54] ‘eI voissiwg
6's €0 69's sLs 009 £6°S (41 5°0 18'p 0Ty or's £0's o (UN/En au0D
6's 760 0e's 9¢'s 65'S L6y (31 05°0 b 16°¢ 8y 69 (w/An “au)

‘SNOISSING A¥NIYAN TVLOL

(34 £0-3S1°1 20-37¢°T 20-307°C 20-3ev'e 20-3E°T L'v8 £0-3AIL'8 70-3¢£0°1 £0-95S°y £0-486'S 20-3¢0°C “Iy/sq) tared volssiwyg
't o 0 $6°¢ 9l'y s6'¢ 918 Sv'l 9Ll 18°0 £0°1 £€r'e ‘g ,,01/5q] ‘el vorssiwg
(44 wo oT's L6’y 'S oT's 8'78 961 LET (UM 8¢l 1384 (@ {UN/BD “rau0)
(44 (741] 8y o'y $0'S 384 878 €81 1Tz (4} 61 wy (W/3n **au0)

. :SNOISSING AYNDYAN TVINAWATA

L' $0-A8S°6 £0-3€S°1 £0-30€'C £0-928'1 Y0385y 109 £0-ALS'1 £0-209'7 £€0-3p1°T £0-9SEY £0-92€'1 J4/sq) *ares voisswg
(2% Lo LT0 170 1£°0 800 v'6S L70 sp°0 8£°0 sL'0 220 ‘NI ,,01/54] ‘Aes uolssiwg
769 770 pE0 50 150 010 £'65 9£°0 19°0 50 101 0£'0 (@ (UN/AN au0D
[41] 0z°0 760 6v'0 L) 600 £65 bE'0 L5°0 8%°0 $6°0 820 (w/8n *au0)

*SNOISSING A¥NDYAN adZ1dIX0

8°9L $O-ALI'S p0-AEL°9 €0-301°1 $0-381°8 $0-396'6 9'78 £0-a1p°9 £0-39L'L 20-9L0'1 203721 $0-4L0'Y ay/sq) *aves vopssiwg
1'8L 60'0 2o 020 $1°0 200 s'78 481 9¢'1 %1 607 L0°0 ‘g L, 01/54] ‘AR uoISSIWE
TLL 70 SI°0 520 81°0 200 v'78 1s'1 £8'1 85T 434 600 : @ (UN/AN 1au0)
T 1o p1°0 €20 Lo 200 (&4 w1 I 'z (254 600 (w/3n au0)

*SNOISSING AYNDYANW ANNOY ALVINDI1LYVd

01 £2€°71 007°087°1 00£°992°1 00L'¥87'1 00L'682"1 67 PEL‘9E 001'£22'1 005'981°1 006'8€T'1 008'SS2'1 (o "UILJOSD MO} DLIAWNIOA 1IN0 weans sed [0 Ay
- - - - - - L0 LIL'Y 00£°€99 008'€99 00v'859 008°L99 (1 UILL/JOSP ‘MO DLI3WN0A Weans sed Ay
Il 91961 008°978'1 00€'608'1 005'€78'1 00L'LY8'1 I'g 1LY'9E 001°€91°1 009'€€1'1 006°1S1°1 006'€0Z'1 “UIW/JOBM “MOL} DLIAWN|OA WeANS sed “Fay
'l £0 LT 1954 8'LT 1'82 1'e €7 6L 1L T S'SL “238/') *Ka0jan weans sed ‘Say
4] 181 vS1 Ls1 vS1 €51 8's L8'91 167 e 987 o1¢ 4 '8op ‘armesaduw “Say

'YLV MOTd JRLTANTOA ANV ALIDOTIA WYAULS SYD

0t 9'SLI €E8LS 0°88¢S 0'p£8S 08765 0t 9°sLI £'E8LS 0'885S [UR4%1Y 0°826S (J010e4-4 "FAY) Jy/mg 01 ‘indup eaH
80 0°69 616‘8 916'8 686'8 158°'8 80 069 616'8 9l6'8 686'8 158°8 (Paa1a031 sB)"q)/Mg 1uAu0d g [p0)
00 y'z6 LYE'68S 00%'68S 00768 0vZ'68S 00 v'76 LYE'68S 00v'68S 00v'68¢ 0vZ'68¢ "1y/q) ‘el paay 110D
00 00 0°0vs 0°0vs 0'0v$ 0°0vs 00 00 0°0vs 0°0vS 0°0vS 0'0v§ MW ‘peoTaun
asys A3ALS AOVIAAY asizs AdALS AOVYIAY Y1va SSA00¥d
8591-62¢1 0021-L£80 9v0Z-00L1 8591-8Z¢1 T021-L£80 Lp0T-00L) poad awn say
00/87/€ 00/82/¢ 00/LT/¢ 00/82/€ 00/82/¢ 00/L2/E aep1saL
1IN0 v IuN Py N uonexry
€ 4 1 € [ 1 Jaquinu uns 1831
‘viva LsaL
$ "ON LINN

SLINSIY LSHAL NOLLVIDHLS AYNDYIAN 40 AAVINNNIS
8-€ A1dV.L



&

Based on the total mercury measurements the average removal efficiency for the baghouse
(based on the measured pg/m®) was 86 percent with an average mass emission rate of 0.0004

pound per hour.

¢
The average total mercury emission rates for Unit 2 are 0.72 ug/m’>, 0.65 Ibs/10'? Btu and 0.0004
1b/hr.

Detailed test data and test results for the Unit 2 baghouse inlet and outlet are provided on Tables

A-1 and A-2 in Appendix A.

3.3.1.2 Unit3

The Unit 3 mercury test results are in sharp contrast to the Unit No. 2 results. For both the Unit
No. 3 inlet and outlet most all mercury present is in the form of elemental mercury. On average
the level of elemental mercury at the inlet location was 93 percent with 99 percent of the total
mercury being in the elemental form at the outlet. The Balance of the mercury at the inlet and
outlet is oxidized with less than one-half of a percent as particulate bound mercury at the inlet

and less the 0.1 % particulate bound at the outlet.

The average total mercury emissions for Unit No. 3 are 4.6 pg/m>, 4.0 1bs/10'? Btu and 0.017
Ib/hr. The average mercury removal efficiency across the scrubber (based on the measured

ng/m’) was 16%.

Detailed test data and test results for the Unit 3 inlet and outlet are provided on Tables A-3 and
A-4 in Appendix A.

3.3.1.3 Unit4

For both the Unit No. 4 inlet and outlet most all mercury present is in the form of elementél
mercury. On average the level of elemental mercury at the inlet location was 48 i)ercent with 91
percent of the total mercury being in the elemental form at the outlet. The balance of mercury at
the inlef location is particulate bound at 39% with oxidized at 13%. At the outlet location the

oxidized was 6% of the total and the particulate bound was 3%.

CORPOS5|N:\FOLDERS A-F\DOE\080B-RPT.DOC 3 - 1 2 05/26/00



It is believed that the particulate bound mercury measured at the Unit 4 inlet location may be
bias low. See Subsection 5.1.6 in the Quality Assurance Summary section for additional -

discussion.

Since the total mercury measured at the Unit 4 scrubber outlet was higher than measured at the
inlet, no removals were calculated. The mercury values measured at the Unit 4 scrubber outlet

are believed to be representative of the mercury emissions from Unit 4.

The average total mercury emissions for Unit No. 4 are 5.3 pg/m>, 4.4 1bs/10'? Btu and 0.0254
Ib/hr.

Detailed test data and test results for the Unit 4 inlet and outlet are provided on Tables A-5 and
A-6 in Appendix A.

3.3.2 Mercury CEMS Comparison Results

For the tests at the Boswell Energy Center, two different mercury analyzers were used. The two
analyzers were the Tekrang and the Semteche Hg 2000. A detailed description of the analyzers

is provided in Section 4 of this report.

A comparison of the gas phase mercury concentrations measured in ug/m’ by the mercury CEMS
and gas phase mercury concentrations determined using the Ontario Hydro method sampling
data are provided in Figures 3-1 through 3-4 for Units 2, 3, and 4. The instrument data are

compared to the Ontario Hydro mercury speciation results.

For the tests at the Boswell Energy Center the pretreatment/conversion system was located at the
outlet sampling location for all tests. The sample was then drawn simultaneously to the both the
Semtech and Tekran, located in a temperature controlled trailer. Periodically the pretreatment
was operated such that the instruments were able to measure speciated gaseous mercury and total

mercury.

Although there were times the mercury CEMS were not operating (either intentionally or
because of operating problems) the CEMS, particularly the Tekran compared quite favorably

with the Ontario Hydro results. The Semtech had substantial amount of data scatter. The
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Figure 3-1

Comparison of Mercury CEMS to Ontario Hydro Results

Unit 2 Test Run 1
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Figure 3-2

Comparison of Mercury CEMS to Ontario Hydro Results

Unit 2 Test Runs 2 and 3
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Figure 3-3

Comparison of Mercury CEMS to Ontario Hydro Results

Unit 3
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Figure 3-4
Comparison of Mercury CEMS to Ontario Hydro Results

Unit 4
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Semtech has been found to operate much better at mercury concentrations >10pg/m’. The
results are shown graphically in Figures 3-1 through 3-4. Thé instrument data is compared to the .
three replicate Ontario Hydro mercury speciation samples. The instruments were operated for
only two of the three Ontario Hydro method samples on Unit 3. The vapor phase mercury
concentration at the outlet of Unit 2 (shown in Figures 3-1 and 3-2) was very low, <2pg/m>. The
Tekran gave similar results as the Ontario Hydro method. However the Semtech was virtually
useless at this low concentration. There was a half-hour (27.5 to 28 hour) time period when both
the Semtech and the Tekran were reporting mercury concentrations higher than the Ontario
Hydro method. The Tekran during that time period measured about 3.5pg/m® compared to
0.75ug/m> for the 2-hour Ontario Hydro sample. There is no explanation for these results.
However, after switching to Hg® only mode and then returning to the total mercury mode the
results of the Tekran was the same as the Ontario Hydro Method. Both the Tekran and Ontario
Hydro method show little Hg®, <0.25 pg/m’.

The mercury speciation results for Units 3 and 4 were nearly identical. In both cases the Ontario
Hydro method measured 4 to 5 pg/m® with the mercury being almost all elemental. The Tekran
and Semtech both gave comparable results as shown in Figures 3-3 and 3-4. As before the
Semtech was much less consistent than the Tekran. The statistical results for the CEMs

compared to the Ontario Hydro method for all tests are shown in Table 3-9.

3.3.3 Mercury Material Balance

Mercury material balance closures were calculated for each of the three individual Ontario
Hydro measurements completed at the stack locations for Units 2, 3, and 4. A description of the
calculation technique and assumptions along with a discussion of the results is contained in this

section.

3.3.3.1 Material Balance Procedure

Gas phase mercury measurements are difficult to obtain. Common flue gas Hg concentrations
from coal-fired utilities are in the 1 to 10 pg/m’® ranges. Measurements made with the Ontario

Hydro speciation train, typically result in Hg-in-solution concentrations of 1 to 10 pug/L. Because
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Summary of Mercury CEM Results for Units 2, 3 and 4

Table 3-9

Test Location

Average Measured Values  *

Outlet Unit 2 Hg03 SDE\; Total I;Ig SDE‘;
ng/m ng/m ng/m ng/m
Tekran 0.14 0.09 1.04 0.11
Semtech Hg 2000 1.04 1.22 1.32 1.37
Ontario Hydro Method 0.13 0.07 0.72 0.37
Outlet Unit 3
Tekran 3.50 0.87 3.56 0.83
Semtech Hg 2000 3.05 1.52 4.06 1.38
Ontario Hydro Method 4.53 0.27 4.58 0.26
Stack Unit 4
Tekran 4.29 0.62 4.45 0.88
Semtech Hg 2000 3.87 1.93 4.00 1.63
Ontario Hydro Method 4.84 0.31 5.30 0.20
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of the difficulty of these measurements, material balance calculations provide a useful tool for
assessing the accuracy of the flue gas measurements. Mercury material balance closures were
calculated for each of the individual flue gas measurements taken during the Boswell Energy

Center mercury ICR testing.

The material balance closure is defined as the mass of Hg measured in the output streams divided
by the mass of Hg in the input streams. For the units tested, the only Hg input stream was the

coal. There were a variety of different output streams depending on the unit tested.

For all tests, the Hg input is calculated from the mercury concentration determined in the as-fired
test sample and the coal firing rate determined from the coal’s F-factor. The average Hg
concentration of the nine coal samples was ~0.060 pg/g (ppm dry basis). This is a very low
concentration and carries an inherent measurement variability of ~10% to 15%. This variability

must be considered when assessing the overall Hg material balance closures.

The F-factor calculation of the coal firing rate uses the measured flue gas volumetric flow rate
(dscfm), the measured gas composition, and the coal quality data. The coal F-factor is defined as
the volume of flue gas produced from the combustion of 1 MMBtu of coal. With this
information, the coal firing rate can be accurately determined. In many cases, the coal firing rate
determined from this method is more accurate than that determined by the plant feeders. For this
test program, the coal firing rate for each test was determined by averaging the heat input

calculated from both the CO,-based and the O,-based F-factors.

The material balance results from the three test units are discussed in the following sections.

3.3.3.2 Discussion of Mercury Material Balance Results

UNIT 2

The average coal firing rate for the three test periods from the F factor calculation was 48,826
Ib/hr (dry basis). The average Hg concentration was 0.054 ug/g. This resulted in an average Hg
input to the boiler of 20.07 mg/min. The individual coal analysis showed that the Hg
concentration of the coal for the first test was higher than that for the other tests. This

observation was confirmed from the flue gas Hg measurements. Because of this significant
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difference, individual coal Hg concentrations were used in the material balance calculations

instead of a three-test average.

Unit 2 utilizes a fabric filter baghouse as the primary pollution control QCvice. The average
mercury mass flow rate at the baghouse inlet was 17.02 mg/min. The average Hg material
balance closure at the baghouse inlet was 86.2% with the individual closures being 79.5%,
97.0% and 82.2%. The average Hg mass flow rate at the baghouse outlet was 2.97 mg/min. This

represents ~14% of the mercury input to the boiler and indicates a total system removal of
. ~86.1%.

The ash output streams are bottom ash and fly ash. There are no mill rejects for this system. Past
Hg analysis conducted on the bottom ash showed insignificant levels of Hg. No bottom ash
samples were collected for this test. The baghouse ash samples showed high concentrations of
Hg, approaching ~1 ug/g. Using the measured fly ash flow rates, the average Hg mass flow rate
in the baghouse ash was 10.93 mg/min. This represents ~60% of Hg input to the boiler and
results in an average Hg material balance of 72.5%. A closer inspection of the fly ash loading to
the baghouse show both atypical variability and lower than expected results. The three
particulate measurements (based on thimble weights from the Ontario Hydro trains) at this
location were 1412, 1802, and 1456 1b/hr. These values represent a fly ash partitioning of 38% to ‘
48%. This would be considered atypically low for this type of coal combustion system. Testing
conducted by WESTON in 1993 showed that ~60% of the ash reported to the baghouse. Because
of this, the Hg material balances were recalculated using a forced fly ash rate of 60%. This
resulted in an average fly ash mass flow rate of 2282 Ib/hr and a fly ash Hg mass flow rate of
16.02 mg/min. This represents 84% of the Hg input to the boiler. The average Hg material -
balance closure using the forced fly ash loading percentage of 60% was 98.3% with the

individual closures being 78.8%, 114.8%, and 101.2%. These values are believed to be more

representative of this system.

The material balances indicate reasonable accuracy of the Hg emissions measured with the
Ontario Hydro sampling train. The material balance data also indicate that the baghouse 1s

removiilg 60% to 85% of the flue gas Hg in comparison to the 86% average removal measured

by the Ontario Hydro train.
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UNIT 3

The average coal firing rate for the three test periods for Unit 3 using the F factor calculation was
346,085 Ib/hr (dry basis). The average Hg concentration was 0.063 ug/g. This resulted in an
average Hg input to the boiler of 164.80 mg/min. The individual coal Hg analysis showed little
deviation for the three tests. Because of this, the three-test average was used in the material

balance calculations.

Unit 3 utilizes a wet particulate scrubber as the primary pollution control device. The average
mercury mass flow rate at the particulate scrubber inlet was 138.07 mg/min. The average Hg
material balance closure at the baghouse inlet was 83.7% with the individual closures being
85.9%, 85.6% and 79.8%. The average Hg mass flow rate at the particulate scrubber outlet was
125.72 mg/min. This represents ~76% of the mercury input to the boiler and indicates a total ,

system removal of ~24%.

This system has three ash output streams which are mill rejects, bottom ash and fly ash collected
in the particulate scrubber. In addition to these, there is one liquid output stream which is the
particulate scrubber filtrate. The collected weight of reject material for this system is
insignificant to the Hg material balance. Past Hg analysis conducted on bottom ash samples
showed insignificant levels of Hg and no bottom ash samples were collected for this test. The
particulate scrubber slurry was filtered and Hg analysis was conducted on both the particulate

solids (fly ash) and the scrubber filtrate.

The particulate solids mass flow rate was determined by two methods. In the first method, the
mass flow rate of solids was assumed to be equal to that of the fly ash loading that was manually
measured at the scrubber inlet. This procedure resulted in fly ash loadings of 8673, 10937, and
16892 Ib/hr. These loadings represent 32% to 58% of the coal ash. The scrubber slurry filtrate
liquid flow rate was obtained from an in-line flow meter. Using the measured fly ash loading, the
mass flow rate of the Hg in the solids was 4.33 mg/min (2.6% of total Hg input). The Hg mass
flow rate in the filtrate was 36.8 mg/min (22% of total Hg). Adding these Hg outputs to the stack
emissions result in an average Hg material balance closure of 101.2% with the individual

balances being 109.2%, 96.5%, and 98.0%.
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In the second method for determining the fly ash loading to the scrubber, the fly ash loading was
forced to equal a 70% overhead partitioning. The calculated fly ash loadings to the scrubber
using this technique were 21,460, 23,500, and 24,400 Ib/hr. These loadings resulted in an
average Hg mass flow rate of 8.75 mg/min (5.3% of total Hg) for the solidst The Hg mass flow
rate for the filtrate was unchanged at 36.8 mg/min (22.0% of total). Adding these Hg outputs to
the stack emissions result in an average Hg material balance closure of 103.9% with the

individual balances being 113.6%, 98.9%, and 99.2%.

The material balances indicate reasonable accuracy of the Hg emissions measured with the
Ontario Hydro sampling train. The material balance data also indicate that the particulate

scrubber is removing ~24% of the flue gas Hg. The removal efficiency measured using the

Ontario Hydro train data is 16%.

UNIT 4

The average coal firing rate for the three test periods for Unit 4 using the F factor calculation was
479,774 Ib/hr (dry basis). The average Hg concentration was 0.066 ug/g. This resulted in an
average Hg input to the boiler of 239.22 mg/min. The individual coal Hg analysis showed a
small deviation for the three tests. Because of this, individual coal Hg concentrations were used

in the material balance calculations instead of a three-test average.

This unit utilizes a wet FGD for SO, and particulate control. Approximately 5% of the flue gas is
bypassed around the FGD and is used for flue gas reheat. A two field ESP is used for particulate
removal on this bypass stream. The average mercury mass flow rate at the FGD scrubber inlet
was 155.95 mg/min. The average Hg material balance closure at the scrubber inlet was 65.5%
with the individual closures being 68.9%, 74.7% and 52%. These closures are low and could
indicate a problem with the Hg measurement at this location. The average Hg mass flow rate at
the FGD scrubber outlet was 192.23 mg/min. This represents ~80% of the mercury input to the

boiler and indicates a total system removal of ~20%.

This system has four solid output streams which are mill rejects, bottom ash, FGD solids, and
ESP ash. In addition to these there is one liquid output stream, the FGD scrubber filtrate stream.
The collected weight of the reject material for this system is insignificant to the Hg material

balance. Past Hg analysis conducted on bottom ash samples showed insignificant levels of Hg
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and no bottom ash samples were collected for this test. Mercury analysis was conducted on the
ESP ash. The low Hg concentration measured combined with the low mass flow rate of ESP fly
ash had no impact on the overall Hg material balances. The FGD scrubber slurry was filtered and

Hg analysis was conducted on both the particulate solids (fly ash) and the scrubber filtrate.

The FGD solids were determined by the amount of sulfur removed from the flue gas and the
sulfur concentration of the FGD solids. This procedure resulted in FGD solids mass flow rates of
55,017, 65,712, and 65,744 lb/hr. The scrubber slurry filtrate liquid flow rate was calculated
from the FGD solids mass rate and % slurry solids. Using this technique, the mass flow rate of
the Hg in the FGD solids was 12.52 mg/min (5.2% of total Hg input) and 19.01 mg/min in the
filtrate (8.0% of total Hg). Adding these Hg outputs to the stack emissions result in an average
Hg material balance closure of 93.9% with the individual balances being 85.8%, 104.4%, and
91.3%.

The material balances indicate reasonable accuracy of the Hg emissions measured with the
Ontario Hydro sampling train at the Unit 4 FGD outlet. The data also indicate that the FGD
scrubber is removing ~10% to 15% of the flue gas Hg.

3.3.3.3 Overall Summary of Material Balance Data

The Hg material balance closures are reasonable for the emissions levels measured. These
balances are within the reproducibility of the measurement methods and help validate the gas

phase measurements and reported Hg emissions.

Detailed summaries of the mercury material balances are provided in Appendix A.

3.3.4 Process Solid Sample Stream Results

Tables 3-10 through 3-18 provide a summary of the analytical results obtained on the coal feed

ash and scrubber liquid samples collected on Units 2, 3 and 4.

For each parameter measured on the coal, ash and liquid streams, the concentration or percent
value is presented for each individual test run along with the average standard deviation and

percent relative standard deviation.
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Table 3-10

Unit No. 2 Coal Feed Samples
Dry Basis - All Results Percent Unless Noted

Summary of Process Solid Sample Stream Results

Test ID T-1 T-2 T-3

Date 3/23/00 |3/23/00 |3/24/00 JAVG SDEV PRSD
Volatile Matter 42.81 43.14 43.09 43.01 0.18 0.4%
Ash 7.31 7.97 8.12 7.80 0.43 5.5%
Carbon 70.79 70.12 70.34 70.42 0.34 0.5%
Hydrogen 4.62 4.60 4.60 4.61 0.01 0.3%
Nitrogen 0.99 0.94 1.04 0.99 0.05 5.1%
Sulfur 0.62 0.62 0.68 0.64 0.03 5.4%
Oxygen 15.67 15.75 15.22 15.55 0.29 1.8%
Chlorine <0.01 <0.01 <0.01 <0.01 <0.01 0%
Mercury, ppm 0.078 0.043 0.049 0.057 0.019 33.0%
Lead, ppm 3.2 4.1 3.6 3.6 0.5 12.4%
Btu/lb 12158 12087 12100 12115 38 0.3%
Total Moisture 26.6 26.5 26.4 26.5 0.1 0.4%
Ash Elements

SiO2 35.42 36.96 37.85 36.74 1.23 3.3%
Al203 16.93 17.01 17.34 17.09 0.22 1.3%
TiO2 0.89 0.92 0.93 0.91 0.02 2.3%
Fe203 5.70 5.46 6.22 5.79 0.39 6.7%
CaO 15.41 16.51 15.35 15.76 0.65 4.1%
MgO 4.08 3.98 3.89 3.98 0.10 2.4%
Na20 3.18 2.51 2.35 2.68 0.44 16.4%
K20 0.56 0.56 0.62 0.58 0.03 6.0%
P205 0.22 0.24 0.25 0.24 0.02 6.5%
SO3 16.49 15.02 14.91 15.47 0.88 5.7%
Undetermined 1.12 0.83 0.29 0.75 0.42 56.4%
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Table 3-11
Summary of Process Solid Sample Stream Results
Unit No. 3 Coal Feed Samples

Dry Basis - All Results Percent Unless Noted

Test ID T-1 T-2 T-3

Date 3/21/00 |3/21/00 |3/22/00 JAVG SDEV PRSD
Volatile Matter 42 .64 42.54 42.07 42.42 0.30 0.7%
Ash 7.67 8.13 8.54 8.11 0.44 5.4%
Carbon 70.50 70.35 69.96 70.27 0.28 0.4%
Hydrogen 4.54 4.50 4.39 4.48 0.08 1.7%
Nitrogen 0.99 1.01 0.99 1.00 0.01 1.2%
Sulfur 0.61 0.75 0.68 0.68 0.07 10.3%
Oxygen 15.69 15.26 15.44 15.46 0.22 1.4%
Chlorine <0.01 <0.01 <0.01 <0.01 <0.01 0%
Mercury, ppm 0.054 0.072 0.063 0.063 0.009 14.3%
Lead, ppm 26.5 54 6.9 12.9 11.8 91.0%
Btu/lb 12072 12052 11972 12032 53 0.4%
Total Moisture 26.1 28.3 27.8 27.4 1.2 4.2%
Ash Elements

SiO2 37.56 36.05 38.89 37.50 1.42 3.8%
Al203 17.88 16.98 17.43 17.43 0.45 2.6%
TiO2 0.92 0.91 0.89 0.91 0.02 1.7%
Fe203 5.03 6.23 4.82 5.36 0.76 14.2%
CaO 15.17 15.31 14.65 15.04 0.35 2.3%
MgO 4.15 3.97 4.08 4.07 0.09 2.2%
Na20 1.92 1.80 1.94 1.89 0.08 4.0%
K20 0.43 0.34 0.32 0.36 0.06 16.1%
P205 0.30 0.27 0.25 0.27 0.03 9.2%
S0O3 15.83 16.51 15.68 16.01 0.44 2.8%
Undetermined 0.81 1.63 1.05 1.16 0.42 36.2%
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Table 3-12

Unit No. 4 Coal Feed Samples
Dry Basis - All Results Percent Unless Noted

Summary of Process Solid Sample Stream Results

TestID T1 T-2 T-3

Date 3/27/00 |3/28/00 |3/28/00 JAVG SDEV PRSD
Volatile Matter 42.93 42.84 42.85 42.87 - 0.05 0.1%
Ash 7.27 7.44 8.62 7.78 0.74 9.5%
Carbon 70.89 70.96 69.43 70.43 0.86 1.2%
Hydrogen 4.52 4.56 4.38 4.49 0.09 21%
Nitrogen 0.94 0.99 1.00 0.98 0.03 3.3%
Sulfur 0.54 0.57 0.60 0.57 0.03 5.3%
Oxygen 15.84 15.48 15.97 15.76 0.25 1.6%
Chlorine <0.01 <0.01 <0.01 <0.01 <0.01 0%
Mercury, ppm 0.065 0.063 0.070 0.066 0.004 5.5%
Lead, ppm 3.7 3.5 41 3.8 0.3 8.1%
Btu/lb 12075 12197 11888 12053 156 1.3%
Total Moisture 26.7 26.3 25.0 26.0 0.9 3.4%
Ash Elements :

Si02 37.66 40.23 4257 40.15 2.46 6.1%
AlI203 18.51 17.96 17.80 18.09 0.37 2.1%
TiO2 0.93 0.93 0.86 0.91 0.04 4.5%
Fe203 4.30 4.60 4.27 4.39 0.18 4.2%
CaO 14.69 13.58 12.76 13.68 0.97 71%
MgO 4.34 3.75 3.64 3.91 0.38 9.6%
Na20 2.26 -2.30 1.69 2.08 0.34 16.4%
K20 0.47 0.75 0.78 0.67 0.17 25.6%
P205 0.34 0.34 0.31 0.33 0.02 52%
SO3 15.31 14.92 14.26 14.83 0.53 3.6%
Undetermined 1.19 0.64 1.06 0.96 0.29 29.8%

3-27



Table 3-13

Unit No. 2 Baghouse Ash
Dry Basis - All Results Percent Unless Noted

Summary of Process Solid Sample Stream Results

Test ID T-1 T-2 T-3

Date 3/23/00 |3/23/00 |3/24/00 JAVG SDEV PRSD
Ash 98.41 98.63 99.05 98.70 0.33 0.3%
Carbon 1.31 1.08 0.70 1.03 0.31 29.9%
Sulfur 0.88 0.87 0.80 0.85 0.04 5.1%
Mercury, ppm 0.967 0.928 0.893 0.929 0.037 4.0%
Total Moisture 0.10 0.06 0.07 0.08 0.02 27.2%
Ash Elements :

SiO2 42.78 41.86 40.99 41.88 0.90 2.1%
Al203 20.29 20.57 20.96 20.61 0.34 1.6%
TiO2 1.00 0.98 1.00 0.99 0.01 1.2%
Fe203 5.93 5.37 5.08 5.46 0.43 7.9%
CaO 17.06 18.20 18.78 18.01 0.88 4.9%
MgO 4.41 4.58 4.74 4.58 0.17 3.6%
Na20 3.03 2.96 3.03 3.01 0.04 1.3%
K20 0.67 0.71 0.70 0.69 0.02 3.0%
P205 0.33 0.34 0.33 0.33 0.01 1.7%
SO3 2.19 2.17 1.99 2.12 0.1 5.2%
Undetermined 2.31 2.26 2.40 2.32 0.07 3.1%
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Table 3-14
Summary of Process Liquid Sample Stream Results

Unit No. 3 Scrubber Overspray Water
all results are mg/L (ppm) unless noted

Test ID T-1 T-2 T-3

Date 3/22/00 |3/22/00 |3/23/00 JAVG SDEV PRSD

pH 4.64 4.56 457 4.59 0.04 0.9%
Aluminum 16.4 18.9 22.2 19.2 29 15.2%
Calcium 655 701 697 684 25 3.7%
Iron (total) 1.15 1.35 1.52 1.34 0.19 13.8%
Magnesium 131 139 136 135 4 3.0%
Manganese 1.50 1.59 1.73 1.61 0.12 7.2%
Potassium 6.27 6.66 6.31 6.41 0.21 3.3%
Sodium 249 259 25.0 253 0.6 2.2%
Silicon 52.6 56.5 56.6 55.2 23 4.1%
Titanium 0.38 0.43 0.56 0.46 0.09 20.3%
Phosphorous 0.14 0.20 0.22 0.19 0.04 22.3%
Sulfur 736 7791 - 757 757 22 2.8%
Mercury, ppb 0.90 1.10 0.78 0.93 0.16 17.4%

Unit No. 3 Scrubber Discharge Slurry Filtrate Water
all results are mg/L (ppm) unless noted

Test ID T1 T-2 T-3 v

Date 3/22/00 |3/22/00 {3/23/00 JAVG SDEV PRSD

pH 463 4.64 4.70} 4.66 . 0.04 0.8%
Aluminum 20.3 16.0) - 141 16.8 3.2 18.9%
Calcium 769 774 726 756 26 3.5%
Iron (total) 1.03 0.67 0.63 0.78 0.22 28.4%
Magnesium 139 132 128 133 6 4.2%
Manganese 1.74 1.68 1.75 1.72 0.04 2.2%
Potassium 6.43 5.58 5.57 5.86 0.49 8.4%
Sodium 246 21.3 21.6 22.5 1.8 8.1%
Silicon 59.3 56.6 52.5 56.1 3.4 6.1%
Titanium - 0.27 0.21 0.21 0.23 0.03 15.1%
Phosphorous 0.14 0.14 0.10 0.13 0.02 18.2%
Sulfur 824 799 757 793 34 4.3%
Mercury, ppb 1.10 0.85 0.79 0.91 0.16 18.0%
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Table 3-15

Summary of Process Solid Sample Stream Results

Unit No. 3 Filtered Scrubber Slurry Solids
Dry Basis - All Results Percent Unless Noted

Test ID T-1 T-2 T-3

Date 3/21/00 |3/21/00 }3/22/00 JAVG SDEV PRSD
Ash 98.50 98.16 98.17 98.28 0.19 0.2%
Carbon 0.24 0.25 0.23 0.24 0.01 4.2%
Sulfur 0.96 0.60 0.51 0.69 0.24 34.5%
Mercury, ppm 0.076 0.042 0.035 0.051 0.022 43.0%
Total Moisture 1.70 1.68 2.27 1.88 0.34 17.8%
Ash Elements

SiO2 42.79 43.89 45.40 44.03 1.31 3.0%
Al203 22.64 22.38 22.15 22.39 0.25 1.1%
TiO2 1.19 1.18 1.07 1.15 0.07 5.8%
Fe203 4.72 4.83 4.52 4.69 0.16 3.4%
CaO 16.05 15.66 15.14 15.62 0.46 2.9%
MgO 4.23 4.37 422 4.27 0.08 2.0%
Naz20 2.54 2.49 2.27 2.43 0.14 5.9%
K20 0.54 0.58 0.54 0.55 0.02 4.2%
P205 0.38 0.38 0.34 0.37 0.02 6.3%
S0O3 2.39 1.49 1.28 1.72 0.59 34.3%
Undetermined 2.53 2.75 3.07 2.78 0.27 9.8%
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Table 3-16
Summary of Process Liquid Sample Stream Results

Unit No. 4 Scrubber Overspray Water
all results are mg/L (ppm) unless noted

TestID T-1 T-2 T-3

Date 3/27/00 |3/28/00 |3/28/00 JAVG SDEV PRSD

pH 7.67 7.83 7.81 7.77 0.09 1.1%
Aluminum <0.05 <0.05 <0.05 0.0 0.0 0.0%
Calcium 442 43.1 440 43.8 0.6 1.3%
fron (total) 1.98 2.00 1.92 1.97 0.04 21%
Magnesium 15.1 14.6 14.8 14.8 0.3 1.7%
Manganese 0.28 0.28 0.28 0.28 0.00 0.0%
Potassium 2.18 2.09 217 2.15 0.05 2.3%
Sodium 3.99 3.86 3.99 3.95 0.08 1.9%
Silicon 2.18 2.13 3.26 2.52 0.64 25.3%
Titanium 0.06 0.06 0.06 0.06 0.00 0.0%
Phosphorous <0.05 <0.05 <0.05 - 0.00 0.00 0.0%
Sulfur 3.65 3.34 2.20 3.06 0.76 24.9%
Mercury, ppb 0.78 0.91 0.61 0.77 0.15 19.6%

Unit No. 4 Scrubber Overflow Slurry Filtrate Water
all results are mg/L (ppm) unless noted

Test ID T-1 T-2 T-3

Date 3/27/00 |3/28/00 |3/28/00 JAVG SDEV PRSD

pH 4.16 4.02 3.96 4.05 0.10 2.5%
Aluminum 225 259 293 259 . 34 13.1%
Calcium 416 412 436 421 13 3.1%
Iron (total) 3.80 3.76 4.09 3.88 0.18 4.6%
Magnesium 10400 10600 10300} 10433 163 1.5%
Manganese 8.31 6.22 6.45 6.99 1.15 16.4%
Potassium 140 142 138 140 2 1.4%
Sodium 1200 1200 1600 1333 231 17.3%
Silicon 93.2 116.7 127.5 112.5 17.5 15.6%
Titanium 1.21 0.98 0.76 0.98 0.23 22.9%
Phosphorous 2.17 2.21 2.05 2.14 0.08 3.9%
Sulfur 15280 16857 15447 15528 297 1.9%
Mercury, ppb 2.7 2.9 2.4 2.7 0.3 9.4%
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Table 3-17

Summary of Process Solid Sample Stream Results

Unit No. 4 Filtered FGD Scrubber Slurry Solids
Dry Basis - All Results Percent Unless Noted

Test ID T-1 T-2 T-3

Date 3/27/100 |3/28/00 |3/28/00 JAVG SDEV PRSD
Ash 93.74 94 .41 94.18 94 .11 0.34 0.4%
Carbon 0.03 0.03 0.04 0.03 0.01 17.3%
Sulfur 8.56 741 7.73 7.90 0.59 7.5%
Mercury, ppm 0.021 0.027 0.028 0.025 0.004 14.9%
Total Moisture 16.18 9.27 9.46 11.64 3.94 33.8%
Ash Elements :

Si02 31.17 34.53 33.94 33.21 1.79 5.4%
Al203 16.09 16.34 15.96 16.13 0.19 1.2%
TiO2 0.76 0.83 0.82 0.80 0.04 4.7%
Fe203 2.74 3.36 3.08 3.06 0.31 10.1%
CaOo 14.89 13.47 14.07 14.14 0.71 5.0%
MgO 2.27 1.91 1.84 2.01 0.23 11.5%
Na20 1.69 1.69 1.72 1.70 0.02 1.0%
K20 0.49 0.56 0.62 0.56 0.07 11.7%
P205 0.25 0.26 0.25 0.25 0.01 2.3%
SO3 21.41 18.52 19.32 19.75 1.49 7.6%
Undetermined 8.24 8.53 8.38 8.38 0.15 1.7%
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Table 3-18

Unit No. 4 ESP Fly Ash
Dry Basis - All Results Percent Unless Noted

Summary of Process Solid Sample Stream Results

Test ID T-1 T-2 T-3

Date 3/27/100 |3/28/00 |3/28/00 JAVG SDEV PRSD
Ash 99.83 99.92 99.86 99.87 0.05 0.0%
Carbon 0.03 0.04 0.04 0.04 0.01 15.7%
Sulfur 0.45 0.40 0.44 0.43 0.03 6.2%|.
Mercury, ppm 0.010 0.016 0.012 0.013 0.003 24.1%
Total Moisture 0.01 0.01 0.01 0.01 0.00 0.0%
Ash Elements

SiO2 42.89 46.89 47.59 4579 2.54 5.5%
AI203 21.30 21.11 21.14 21.18 0.10 0.5%
TiO2 1.05 1.04 1.04 1.04 0.01 0.6%
Fe203 5.14 473 442 476 0.36 7.6%
CaO 18.01 16.43 15.83 16.76 1.13 6.7%
MgO 4.71 4.09 4.00 4.27 0.39 9.1%
Na20 2:36 2.23 2.47 2.35 0.12 5.1%
K20 0.55 0.93 1.04 0.84 0.26 30.6%
P205 0.35 0.34 0.34 0.34 0.01 1.7%
SO3 1.13 1.00 1.10 1.08 0.07 6.3%
Undetermined 2.51 1.21 1.03 1.58 0.81 51.0%
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With the exception of mercury value obtained for Test Run 1 on Unit 2 a review of the coal
sample stream results indicate a consistent coal quality was fired to all units during all test -
periods. '

: ¢
The results obtained on the ash and liquid samples are comparable from run to run and indicate

consistent boiler firing and pollution control operations.

Detailed analytical summaries are provided in Appendix D of this report.

3.3.5 Unit Operation and Key Operational Parameters

This section describes the Units 2, 3, and 4 operations during the test program and provides the

key operating parameters that were monitored and documented during testing.

3.3.5.1  Unit Operation During Testing

Operation of Units 2, 3, and 4 during testing was representative of normal daily operation at or
near full load. Steady-state testing conditions were maintained during all test periods.

Sootblowing activities were suspended during testing on each boiler.

3.3.5.2 Process Control Data

All key power generation process operating parameters and control data were recorded by a data

acquisition system. The facilities data acquisition system provided values at 1-minute intervals.

A summary of the key operating data is provided in Tables 3-19, 3-20 and 3-21 for Units 2, 3,
and 4. All additional process, CEMS and pollution control systems operations data are provided

in Appendix B.

3.4 TESTING PROBLEMS OR MODIFICATIONS

As previously stated it is believed that the mercury levels measured at the Unit No. 4 FGD
scrubber’inlet may not be truly representative of the mercury emissions encountered during the
test program. See Section 5.1.6 for additional discussion relating to the potential low bias for the

samples collected at the Unit 4 FGD inlet.
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Table 3-19
Summary of Key Process Control Data

Unit No. 2
Parameter Units Run No.
1 2 3
Gross Generation MW 56.5 56.7 56.7
Coal Total Ibs/hr 64520 64760 64760
Main Steam Flow klbs/hr 382 381 376
Air Flow" kscfm 1133 1122 1107
Stack Opacity® % 10 10.3 10.5
Stack CEMs (SO, )V 1/MMBtu 0.95 | 0.88 0.87
Stack CEMs (NO,)™? 16/MMBtu 0.42 0.44 047
Stack CEM (CO,) % 12.0 12.2 12.1
Baghouse Pressure Drop In. H,O 7.68 7.60 7.58
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