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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
PROJECT OVERVIEW 1-1

ALSTOM Power Inc. (ALSTOM) contracted Clean Air Engineering (CleanAir) to
perform air emission testing at the Duke Energy Marshall Steam Station located in
Terrell, North Carolina.

The test parameters included the following emissions measurements:
+ sulfur dioxide (SO,)
« sulfur trioxide (SO3)
« hydrogen chloride (HCI)
* hydrogen fluoride (HF)
*  mercury (Hg)
* trace metals:

antimony (Sb) lead (Pb)

arsenic (As) manganese (Mn)
barium (Ba) nickel (Ni)
beryllium (Be) phosphorus (P)
cadmium (Cd) selenium {S¢)
chromium (Cr) silver (Ag)
cobalt (Co) thallium (T1)
copper (Cu) zinc (Zn)

The testing took place at the Unit 4 Flue Gas Desulfurization (FGD) Inlet and FGD
Stack locations on March 27 through March 30, 2007. Coordinating the field testing
were:

D. Laslo — ALSTOM Power Inc.
G. English — Duke Energy
B. Delatte — Clean Air Engineering

Table 1-1 outlines the schedule adhered to during the test program. Table 1-2

summarizes the results of the test program. A more detailed presentation of the test

conditions and results of analysis are shown in Tables 2-1 through 2-24 on pages 2-1
through 2-23.
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Client Reference No: 96004005
CleanAir Project No: 10171

ALSTOM POWER, INC.
MARSHALL STEAM STATION

PROJECT OVERVIEW 1-2
Table 1-1:
Schedule of Activities
Run Start
Number Location Method Analyte Date Time End Time
1 Unit 4 FGD inlet CleanAir Method 8B 502/503 03/27/07 11:48 12:48
2 Unit 4 FGD inlet CleanAir Method 8B 502/803 03/27/07 15:01 16:01
1 Unit 4 FGD Stack CleanAir Method 8C 502/503 03/27/07 11:48 13:57
2 Unit 4 FGD Stack CleanAir Method 8C 802/503 03/27/07 15:01 16:47
1 Unit 4 FGD Inlet USEPA Method 29 Trace Metals 03/27/07 11:48 13:36
2 Unit 4 FGD Inlet USEPA Method 29 Trace Metals 03/27/07 15:01 16;49
1 Unit 4 FGD Stack USEPA Method 29 Trace Metals 03/27/07 11:48 13:57
2 Unit 4 FGD Stack USEPA Method 29 Trace Metals 03/27/07 15:01 16:47
1 Unit 4 FGD Inlet USEPA Method 26 - Glass HCl and HF 03/28/G7 09:35 11:11
2 Unit 4 FGD Inlet USEPA Method 26 - Glass HCl and HF 03/28/07 11:59 13:35
3 Unit 4 FGD Inlet USEPA Method 26 - Glass HCl and HF G3/28/07 14:03 15:39
4 Unit 4 FGD inlet USEPA Method 26 - Glass HCland HF 03/29/07 08:41 10:17
5 Unit 4 FGD Inlet USEPA Method 26 - Glass HCland HF 03/29/07 10:51 12:27
8 Unit 4 FGD Inlet USEPA Method 26 - Glass HCl and HF 03/29/07 12:58 14:34
7 Unit 4 FGD Inlet USEPA hMethod 26 - Glass HCI and HF 03/30/07 08:26 10:02
5 Unit 4 FGD Inlet USEPA Method 26 - Glass HCl and HF 03/30/07 11:23 12:59
1 Unit 4 FGD Inlet USEPA Method 26 - Teflon HGl and HF 03/28/07 09:35 111
2 Unit 4 FGD Inlet USEPA Methed 26 - Teflon HCland HF 03/28/07 11:59 13:35
3 UFnit 4 FGD Inlet USEPA Method 26 - Teflon HCl and HF 03/28/07 14.03 15:39
4 Linit 4 FGD Inlet USEPA Method 26 - Teflon HCland HF 03/29/07 Q8:41 10:17
5 Unit 4 FGD Inlet USEPA Method 26 - Teflon HCl and HF 03/28/07 10:81 12:27
6 Unit 4 FGD Inlet USEPA Method 26 - Teflon HCl and HF 03/28/07 12,58 1434
7 Unit 4 FGD Inlet USEPA Method 26 - Teflen HCland HF D3/30/07 08:26 10:02
8 Unit 4 FGD Inlet USEPA Method 26 - Teflen HCland HF 03/30/07 1123 12:59
1 Unit 4 FGD Stack USEPA Method 26 - Glass HCl and HF 03/28/07 09:35 1111
2 Unit 4 FGD Stack USEPA Method 26 - Glass HCI and HF 03/28/07 11:59 13:35
3 Unit 4 FGD Stack USEPA Method 26 - Glass HCl and HF 03/28f07 14:03 15:39
4 Unit 4 FGD Stack USEPA Method 26 - Glass HCl and HF 03/29/07 08:41 10:17
5 Unit 4 FGD Stack USEPA Method 26 - Glass HCl and HF 03/29/07 10:51 12:27
6 Unit 4 FGD Stack USEPA Method 26 - Glass HCl and HF 03/29/07 12:58 14:34
7 Unit 4 FGD Stack USEPA Method 26 - Glass HCl and HF 03/30/07 08:26 10:02
8 Unit 4 FGD Stack USEPA Method 26 - Glass HCI and HF 03/30/07 11:23 12:59
1 Unit 4 FGD Stack USEPA Method 26 - Teflon HC! and HF 03/28/07 0935 1111
2 Unit 4 FGD Stack USEPA Method 26 - Teflon HCl and HF 03/28/07 11:59 13:35
3 Unit 4 FGD Stack USEPA Method 26 - Teflon HCl and HF 03/28/07 14.03 15:39
4 Unit 4 FGD Stack USEPA Method 26 - Teflon HCl and HF 03/29/07 08:41 10:17
5 Unit 4 FGD Stack USEPA Method 26 - Teflon HCI and HF 03/29/07 10:51 12:27
<] Unit 4 FGD Stack USEPA Method 26 - Teflon HCI and HF 03/29/07 12:58 14;34
7 Unit 4 FGD Stack USEPA Method 26 - Teflon HCl and HF 03/30/07 08:26 10:02
8 Unit 4 FGD Stack USEPA Methed 26 - Teflon HCl and HF 03/30/07 11:23 12.5%
Note: FTIR samples coliected at FGD Inlet on March 27 and 28 and FGD Stack on March 29 and 30, 2007. 052807 111931
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ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

PRQJECT OVERVIEW 1-3
Table 1-2:
Summary of Test Results
Source
Method
Constituent FGD Inlet FGD Stack
Unit 4
CleanAir Method 8B/8C
SO {ppmdv @ 3% O,) 0.86 0.74
SO, (ppmdv) 753 38.1
80O, (ppmdv @ 3% Oy) 1,063 48.2
Plant CEMS
S0, {ppmdv) N/A 39.0
EPA Method 320 - FTIR
S0, (ppmdv) 878 386
EPA Method 29
Mercury (Ibfhr) 1.28E-02 4.21E-03
Antimony {Ib/hr) 5.00E-03 1.95E-03
Arsenic {Ib/hr) 5.86E-02 6.30E-03
Barium ([b/hr} 1.34E-01 4.92E-03
Beryllium (Ib/hr) 1.94E-03 <1.99E-04
Cadium {Ib/hr) 1.49E-03 <9.49E-04
Chromium (Ib/hr) 2.13E-02 3.29E-03
Colbalt (bshr) 2.54E-02 <0.33E-04
Copper (Ib/hr) 2.17E-02 3.28E-03
Lead (Ib/hr) 1.46E-02 4.59E-03
Manganese {Ib/hr) 2.87E-02 6.92E-03
Nickel {lb/hr) 2.56E-02 1.81E-02
Phosphorus {Ib/hr) 1.51E-01 <7.98E-03
Selenium (b/hr} 2.26E-01 8.15E-02
Silver (ib/hr) 4.49E-03 1.64E-03
Thallium {Ib/hr) <7.86E-04 <7.98E-04
Zinc (lb/hr) 2.26E-01 9.47E-02
EPA Method 26 - Glass
HCl {ppmdv @ 3% O,) 70.7 0.07
HF (ppmdv @ 3% Op) 9.9 <0.01
HCI Reduction Efficiency (% Removai) 98.9
HF Reduction Efficiency (% Removal) 99.9
EPA Method 26 - Teflon
HCI (ppmdv @ 3% Ca) 68.3 0.09
* HF (ppmdv @ 3% Oy) 8.7 <0.01
HCI Reduction Efficiency (% Removal) 99.9
HF Reduction Efficiency (% Removal) 99.9
EPA Method 320 - FTIR
HCI {ppmdv @ 3% ) 69.1 0.04
HF (ppmdv @ 3% Oz) 9.9 0.10
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

PROJECT OVERVIEW 1-4
DISCUSSION OF TEST PROGRAM

Project Objectives
The objectives of the test program were as follows:

1. Determine the concentration of trace metals and SOs at the Flue Gas
Desulphurization (FGD) Inlet and FGD Stack.

2. Collect more precise data on the HF and HCI emission rates and removal
effectiveness of the various ALSTOM scrubber configurations.

3. Explore the potential reaction between HF with the glass probe liner used in the
EPA Method 26 sampling train and the possible positive bias of silicon tetra
fluoride, if present in the flue gas stream, on the test results.

4. Compare the results from instrumental (Fourier Transform Infrared (FTIR)) and
the wet chemistry (EPA Reference Method 26) in the measurement of HCI and
HF.

Sulfur Trioxide/Sulfur Dioxide

The concentration of SO; and SO, at the FGD Inlet was determined using CleanAir
Method 8B, “Determination of Sulfur Oxides Including Sulfur Dioxide, Sulfur
Trioxide, and Sulfuric Acid Vapor and Mist from Stationary Sources Using a
Controlled Condensation Sampling Apparatus.”

The FGD Stack used CleanAir Method 8C, “Determination of Sulfur Oxides Including
Sulfur Dioxide, Sulfur Trioxide, and Sulfuric Acid Vapor and Mist from Stationary
Sources Using an EPA Method 8 Sampling Apparatus Modified to Mitigate the Effects
of Moisture and Other Potential Interferents.” This methodology was performed at the
FGD Stack due to elevated moisture content of the flue gas.

Trace Metals
EPA Method 29 sampling runs were performed concurrently at the FGD Inlet and FGD
Stack locations for the specified trace metals including mercury. -
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

PROJECT OVERVIEW 1-5
DISCUSSION OF TEST PROGRAM (CONTINUED)

Hydrogen Chioride and Hydrogen Fluoride

The test program consisted of performing a series of EPA Method 26 sampling trains at
the Unit 4 FGD Inlet and FGD Stack. At each location two (2) EPA Method 26 (HCI
and HF) sampling trains were run concurrently. The first train designated

“Method 26 — Glass™ consisted of a standard EPA Method 26 sampling train including
a glass probe liner and a quartz glass fiber filter. The second train designated as
“Method 26 — Teflon” consisted of modifications to the standard EPA Method 26
sampling train; the probe liner and filter medium were both Teflon.

FTIR Spectroscopy
FTIR was performed at the FGD Inlet on March 27 and 28. The FTIR was then
relocated to the FGD Stack and measured stack concentrations on March 29 and 30.

Data presented in results section has been edited to correspond with EPA Method 26
run times. A complete set of FTIR data is included in appendix of this report.

In order to asses the validity of the FTIR data a comparison was made between the
FTIR data and data recorded by the plant CEMS, Reference Method CEMS* and
results from the EPA Method 26 sampling trains. The comparison of the following
parameters (8Os, NOx, CO, and Moisture) demonstrated the validity of FTIR spectra
data. These comparisons are contained in the results section of this test report.

*CleanAir operated the reference method CEMS using the exhaust stream of the FTIR as a QA/QC check
of the FTIR sampling system.
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2-1
Table 2-1:
Unit 4 FGD Inlet ~ CleanAir Method 8B — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.) 11:48 15.01
Stop Time {approx.} 12:48 16.01
Process Conditions
Fa Oxygen-based F-factor (dscffMMBtu) 9,780 9,780
Fe Carbon dioxide-based F-factor {dscifMMBtu) 1,800 1,800
Gas Conditions
0O,  Oxygen (dry volume %) 8.4 8.0 8.2
CO, Carbon dioxide (dry volume %) 10.6 112 10.9
Ts Sample temperature (°F) 259 261 260
B Actual water vapor in gas (% by volume) 741 6.63 7.02
Gas Flow Rate’
Qg Volumetric flow rate, actual (acfm) 2,239,913 2,203,593 2,221,753
Qs Volumetric flow rate, standard (scfm} 1,626,462 1,594 475 1,610,469
Qse  Volumetric flow rate, dry standard (dscfm) 1,505,880 1,488,716 1,497,298
Sulfuric Acid Vapor (S03) Results
Csa  S0O3 Concentration (ppmdv) 0.50 0.72 0.61
Csr  SO3 Concentration @3% 02 {ppmdv) 0.72 1.00 0.86
Csa1z  SO3 Concentration @12% CO2 (ppmdv) 0.57 Q.77 0.67
Epme  SO3 Rate (ib/hr) 9.44 13.3 11.4
Exgne  SO3 Raté (kg/hr) 4.28 6.05 5.17
Erg 503 Rate - Fd-based (Ib/MMBtu) 0.0017 0.0024 0.0020
Er, S03 Rate - Fc-based (Ib/MMBtu) 0.0018 0.0024 0.0021
Sulfur Dioxide {SO2) Resuits
Csa 502 Concentration {ppmdv} 634 872 753
Csqr 502 Concentration @3% O2 {ppmdv} 911 1215 1063
Csasz 502 Concentration @12% CO2 (ppmdv) 721 935 828
Ewn:  SO2 Rate (Ib/hr} 9,521 12,851 11,236
Exgme  S0O2 Rate (kg/hr) 4,318 5873 5,096
Erg  SO2 Rate - Fd-based {Ib/MMBtu) 1.73 2.30 2.02
Er,  S$02 Rate - Fe-based (Ib/MMBlW) 1.80 2.33 2.06
" volumetric flow rates cbtained from EPA Method 29 sampling train. ) 052907 151933
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
Table 2-2:
Unit 4 FGD Stack — CleanAir Method 8C — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time {(approx.) 11:48 15:01
Stop Time (approx.) 13:57 16:47
Process Conditions
Fy Oxygen-based F-factor (dscffMMBtu) 9,780 9,780
Fe Carbon dioxide-based F-factor {dscf/MMBtu) 1,800 1,800
Gas Conditions
Qs Oxygen (dry volume %} 6.7 69 6.8
CQ;  Carbon dioxide {dry volume %} 12.3 12.0 12.2
Ts Sample temperature (°F) 125 126 125
By Actual water vapor in gas (% by volume) 12.82 12.89 12.86
Gas Flow Rate’
Q, Volumetric flow rate; actual (acfm) 2,181,522 2,157,786 2,169,654
Qs Volumetric flow rate, standard (scfm) 1,951,831 1,930,456 1,941,144
Qg Volumetric flow rate, dry standard {dscfm) 1,701,608 1,681,609 1,691,608
Sulfuric Acid Vapor {S803) Results
Csq 503 Concentration (ppmdv) 0.53 0.63 0.58
Cs7  SO3 Concentration @3% O2 {ppmdv) 0.66 0.81 0.74
Cemz  S0O3 Concentration @12% CO2 (ppmdv) 0.52 0.63 0.57
Epne  SO3 Rate {Ib/hr) 11.2 13.3 12.3
Exgmr SO3 Rate (kg/hr) 5.09 6.03 5.56
Erg  S03 Rate - Fd-based (I1b/MMBtu} 0.0016 0.0019 0.0017
Ere. 503 Rate - Fe-based (Ib/MMBtu) 0.0016 0.0020 0.0018
RE  Raduction Efficie ncy (% Removal)® 7.98% 19.2% 13.6%
Sulfur Dioxide (502) Results
Css  S02 Cancentration (ppmdv) 39.2 36.9 3841
Csar SO2 Concentration @3% 02 (ppmdv) 49.3 47 .1 48.2
Csa1z 802 Concentration @12% CO2 (ppmdv) 38.3 36.9 376
Ewme  SO2 Rate (b/hr) 665 619 642
Egme 502 Rate (kg/hr) 302 281 291
Era  SO2 Rate - Fd-based (Ilb/MMBtu) 0.084 0.089 0.091
Ere  SO2 Rate - Fe-based (Ib/MMBtu} 0.095 0.082 0.084
RE  Redustion Efficie ncy (% Removal)? 94.6% 96.1% 95.4%
1 Volumetric flow rates obtained from EPA Methad 29 sampling train. o S 052807 111935
2 Reduction efficiency determined using ppm @ 3% Q..
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

RESULTS 2-3

Table 2-3:
Unit 4 FGD Inlet — Method 29 {Hg) — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.} 11:48 15:01%
Stop Time (approx.) 13:36 16:49
Gas Conditions
0, Oxygen (dry volume %) 8.4 8.0 8.2
CO; Carbon dioxide (dry volume %) 10.6 1.2 10.9
Ts Sample temperature (°F) 259 261 260
B, Actual water vapor in gas (% by volume) 7.41 6.63 7.02
Gas Flow Rate
G, Volumetric flow rate, actual {(acfm) 2,239,913 2,203,583 2,221,753 )
[0 3 Volumetric flow rate, siandard {scfm} 1,626,462 1,584,475 1,610,469
Qg Volumetric flow rate, dry standard (dscfm} 1,505,880 1,488,716 1,497,298
Mercury Results - Total
Css  Concentration {Ib/dscf) 1.41E-10 1.44E-10 1.42E-10
C, Concentration {Ib/acf} 9.46E-11 9.73E-11 9.60E-11
Cs¢ Concentration (ug/dscm} 2,25E+00 2.31E+00 2.28E+00
Cyey  Concentration @3% O, (ug/dscm) 3.24E+00 3.21E+00 3.22E+00
Cs¢  Concentration (mg/dscm) 2.25E-03 2.31E-03 2.28E-03
Cec  Concentration (ug/Nm® dry) 2.42E+00 2.48E+00 2.45E+00
Epm  Rate (lo/hr) 1.27E-02 1.29E-02 1.28E-02
Ey. Rate (g/s) 1.60E-03 1.62E-03 1.61E-03
052907 111939
NM@@M
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ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

RESULTS 2-4
Table 2-4:
Unit 4 FGD Inlet — Method 29 (Sh, As, Ba, Be} — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.) 11:48 15:01
Stop Time (approx.) 13:36 16:49
Gas Conditions
O,  Oxygen {dry volume %) 8.4 8.0 8.2
CO; Carbon dioxide {dry volume %} 10,6 1.2 10.9
Ts Sample temperature (°F) 259 261 260
By Actual water vapar in gas (% by volume) 7.41 6.63 7.02
Gas Flow Rate
Q, Volumetric flow rate, actual (acfm) 2,239,913 2,203,593 2,221,753
Qg Volumetric flow rate, standard (scfm) 1,626,462 1,584,475 1,610,469
Qe Volumetric flow rate, dry standard (dscfm} 1,505,880 1,488,716 1,497,298
Antimony Results - Total
Csy  Concentration (Ib/dscf} 8.18E-11 2.91E-11 5.55E-11
C. Concentration (Ib/acf) 5.50E-11 1.97E-11 3.73E-1
Cy  Concentration (pg/dscm) 1.31E+00 4.66E-01 8.88E-01
C.qy Concentration @3% O, (ug/dscm) 1.88E+00 6.49E-D1 1.26E+00
Csy  Concentration {mg/dscm) 1.31E-03 4.66E-04 8.58E-04
€« Concentration (pg/Nm? dry) 1.41E+00 5.00&-01 9.53E-01
Ewm:  Rate (Ib/hr) 7.39E-03 2.60E-03 5.00E-03
Ey  Rate (g/s) 9.31E-04 3.27E-04 6.29E-04
Arsenic Results - Total
C.  Concentration {Ib/dscf) 6_88E-10 6.16E-10 6.52E-10
Ca Concentration (Ib/acf) 4 62E-10 4. 16E-10 4.39E-10
Csa  Concentration {(ug/dscm) 1.10E+01 9.87E+00 1.04E+01
Cy7  Concentration @3% O, {pgfdscm) 1.58E+01 1.37E+01 1.48E+01
Csa  Concentration (mg/dscm) 1.10E-02 9.867E-03 1.04E-02
Caa  Coneentration (Dg/Nm® dry) 1.18E+01 1.06E+01 1AZE+01
Epme  Rate (Ibfhr) 6.21E-02 5.50E-(2 5.86E-02
Egs  Rate (g/s) 7.83E-03 B.93E-03 7.38E-03
Barium Resuits - Total
Gss  Concentration (Ib/dscf) 1.60E-09 1.38E-09 1.49E-09
Ca Concentration {Ib/acf) 1.08E-09 9.30E-10 1.00E-09
Cse  Concentration (pa/dsem) 2.57E+01 2.20E+01 2,39E+01
Cey  Concentration @3% O, (Maldsem) 3.68E+01 3.07E+01 3.38E+01
Csa  Concentration (mg/dscrm) 2.57E-02 2.20E-02 2.39E-02
Cs4  Concentration (pg‘.fi‘.lm3 dry} 2.76E+01 2.368+01 2.56E+01
Epme Rate {Ib/h} 1.45E-01 1.23E-01 1.34E-01
Ey:  Rate {g/s) 1.83E-02 1.55E-02 1.69E-D2
Beryllium Results - Total
Csa  Concentration {Ib/dscf) 2.30E-11 2.02E-11 216E-11
C, Concentration {b/acf) 1.54€-11 1.37E-11 1.46E-11
C.a  Concentration (ug/dscm) 3.68E-01 3.24E-01 3.46E-01
C.; Concentration @3% O, (pug/dscm) 5.28E-01 4.51E-01 4.90E-01
Cea  Concentration (mg/dscmm) 3.68E-D4 3.24E-04 3.46E-04
Cy  Concentration (p\gJ'Nm3 dry) 3.95E-01 3.48E-01 3.TME-01
Epm: Rate {tb/hr) 2.08E-03 1.81E-03 1.948-03
Eye  Rate (g/s) 2.62E-04 2.28E-04 2.45E-04
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

RESULTS 2-5
Table 2-5:
Unit 4 FGD Inlet — Method 29 (Cd, Cr, Co, Cu) — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.} 11:48 15:01
Stop Time (approx.) 13:36 16:49
Gas Conditlons
Oz  Oxygen (dry volume %) 8.4 8.0 8.2
GO,  Carbon dioxide (dry volume %) 10.6 11.2 10.9
Te Bample temperature (°F) 259 261 260
By,  Actual water vapor in gas (% by volume} 7.4% 6.83 7.02
Gas Flow Rate
Q, Velumetric flow rate, actual (acfm) 2,239,913 2,203,593 2,221,753
Qs Volumetric flow rate, standard (scfm) 1,626,462 1,594 475 1,610,469
Qu¢  Volumetric flow rate, dry standard (dscfm} 1,505,880 1,488,716 1,497,298
Cadntium Results - Total
Cws Concentration (Ib/dscf} 1.74E-11 1.59E-11 1.66E-11
Ca Concenftration {Ib/acf) 1.17E-11 1.07E-11 1.12E-11
Cey  Concenfration (pgidscm) 2. 78E-01 2.54E-01 2.88E-01
Csiz  Concentration @3% O {pg/dscm) 3.99E-01 3.54E-01 3.TTE-01
C.a  Concentration (mg/dscm) 2.78E-04 2.54E-04 2.56E-04
Csa  Concentration (pngma dry) 2.98E-01 2.73E-01 2.86E-01
Ewwe  Rate {Ib/hr) 1.57E-03 1.42E-03 1.49E-03
Egs  Rate (/) 1.98E-04 1.79E-04 1.88E-04
Chromium Results - Total
Csa  Concentration (ib/dsce) 2.43E-10 2.31E-10 2.37E-10
C. Concentration (Ib/acf) 1.63E-10 1.56E-10 1.60E-10
Cia  Concentration (pg/dscm) 3.89E+00 3.70E+00 3.79E+00
C.7 Concentration @3% O, (Ho/dscm) 5.58E+00 5.15E+00 5.37E+00
Cs¢  Concentration {mg/dscm} 3.89E-03 3.70E-03 3.79E-03
Ca  Concentration (ug/Nm? dry) 4. 17E+00 - 3.97E+00 4.07E+00
Eww Rate (Ibhr} 2.19E-02 2.06E-02 2.13E-02
Egs  Rate (o/s) 2.76E-03 2.B0E-03 2.6BE-03
Cobalt Resuits - Total
Csa  Concentration (Ib/dscf) 8.14E-11 4.75E-10 2.83E-10
Ca Cancentration (Ibfacf) 6.14E-11 3.21E-10 1.91E-10
Csa  Concentration (ug/dscm) 1.46E+00 7.61E+00D 4.54E+00
C.v  Concentration @3% O3 (pg/dscm) 2.10E+00 1.06E+01 6. 35E+00
Css  Concentration {mg/dscm} 1.46E-03 7.61E-03 4.584E-03
Cea  Concentration (ug/Nm? dry) 1.57E+HX) 8.17E+00 4.8TE+00
Epm  Rate (Ivhr) 8.26E-03 4.25E-02 2.54E-02
Egs  Rate (g/s) 1.04E-03 5.35E-03 3.19E-03
Copper Resuits - Total
Csa  Concentration {b/dsc) 2.76E-10 2.06E-10 2.41E-10
Ca Concentration {Ib/acf} 1.86E-10 1.38E-10 1.62E-10
Ci  Concentration (pg/dscm) 4.43E+00 3.29E+00 3.86E+00
C.r  Concentration @3% O (ug/dscm) 6.36E+00 4.59E+00 5.4TE+00
Csa  Concentration (mg/dsem) 4.43E-03 3.29E-03 3.86E-03
€ Concentration (ug/Nm® dry) 4.75E+00 3.54E+00 4.14E+00
Epme  Rate (fb/hr) 2.50E-02 1.84E-02 247E-02
Ege  Rate (g/s) 3.15E-03 2.31E-03 2.73E-03
052907 111843
NM@ @M

Revision ¢




CleanAir

ALSTOM FOWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2-6
Table 2-6:
Unit 4 FGD Inlet — Method 29 {Pb, Mn, Ni, P) — Runs 1-2
Run No. 1 2 Average
Date {2007) Mar 27 Mar 27
Start Time (approx.) 1148 15:01
Stop Time (approx.) 13:36 16:49
Gas Conditions
Q, Oxygen (dry valume %) 8.4 8.0 8.2
CO;  Carbeon dioxide (dry valume %) 10.6 11.2 10.9
Ts Sample temperature {°F) 259 261 260
By Actual water vapor in gas (% by volume) 741 6.63 7.02
Gas Flow Rate
Q. Volumetric flow rate, actual (acim) 2,239,913 2,203,593 2,221,153
Q, Velumetric flow rate, standard {sefm} 1,626,462 1,594,475 1,610,469
Qua  Volumetric flow rate, dry standard (dscfm) 1,505,880 1,488,716 1,497,298
Lead Results - Total
Cq  Concentration (lb/dscf) 1.83E-10 1.42E-10 1.63E-10
C, Concentration (Ib/ach) 1.23E-10 2.63E-11 1.10E-10
Csqs  Concentration (pg/dscm) 2.92E+00 2.28E+00 2.80E+00
C.sy  Concentration @3% O (pa/dsem) & 20E+00 3.18E+00 3.68E+00
Ceu  Concentration (mg/dsem) 2.92E-03 2.28E-03 2.60E-03
C. Concentration (pg.’Nm3 dry) 3.14E+400 2A8E+0 2.78E+00
Epme  Rate (Ib/hr) 1.85E-02 1.27E-02 1.46E-02
Eys Rate (g/s) 2.08E-03 1.60E-03 1.84E-03
Manganese Results - Total
Csa  Concentration (Ib/dscf) 3.38E-10 3.01E-1D 318E-10
Ca Concentration (Ib/acf) 2.27E-10 2.04E-10 215E-10
C.y  Concentration (pg/dsem) 5.40E+400 4.83E+00 §5.12E+00
C.iy Concentration @3% O, (ug/dscm} 7.76E+00 B.72E+00 7.24E+00
C.  Concentration (mg/dscm) 540E-03 4.83E-03 5.12E8-03
Cea  Concentration (pg,’Nma dry) 5.80E+00 5.18E+00 5.49E+00
Eume Rate (Ib/hr) 3.05E-02 2.69E-02 2.87E-02
Ey:  Rate (g/s) 3.84E-03 3.39E-03 3.62E-03
Nickel Resuits - Total
Css  Concentration {tb/dscr) 3.38E-10 2.30E-10 2.84E-10
Ca Concentration {Ib/acf) 2.27E-10 1.56E-10 1.91E-10
Csa  Concentration {pg/dscm) 5.41E+00 3.69E+C0 4.55E+00
Ceqz Concentration @3% O3 (Hg/dscm) 7.77E+00 5.13E+00 B.45E+00
Cs  Concentration {mgidscm) 541E-03 3.69E-03 4.55E-03
Cwa  Concentration {ug/Nm? dry) 5.81E+00 3.96E+00 4.8BE+00
Epme  Rate (Ib/hr) 3.05E-02 2.06E-02 2.56E-02
Ey: Rate(gfs) 3.85E-03 2.59E-03 3.22E-03
Phosphorus Results - Total
C.s  Concentration (Ib/dscf) 1.73E-09 1.63E-09 1.68E-09
Ca Concentration (Ib/acf) $.17E-09 1.10E-08 1.14E-09
Csa  Concentration (pgidscm) 2.7BE+O1 2.62E+01 2.70E+01
Csq7  Concentration @3% O, (pg/dscm) 3.99E+01 3.64E+01 3.82E+01
Csa  Concentration (mg/dsem) 2.78E-02 2.62E-02 2.70E-02
Cw  Concentration (pg.’Nm3 dry) 2.98E+01 2.81E+01 2 89E+01
Esm Rate (Ib/hr) 1.57E-01 1.46E-01 1.51E-01
Eg:  Rate (g/s) 1.976-02 1.84E-02 1.91E-02
032907 111845
NM @@ M

Revision 0




CleanAir

ALSTOM POWER, INC.

Client Reference No: 96004005

MARSHALL STEAM STATION CleanAir Project No: 10171
2-7
Table 2-7:
Unit 4 FGD Inlet — Method 29 (Se, Ag, Tl, Zn) — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time {(approx.) 11:48 15:01
Stop Time (approx.) 13:36 16:49
Gas Conditions
0. Oxygen {dry valume %) 8.4 8.0 8.2
CO; Carbon dioxide (dry volume %) 10.6 11.2 109
T Sampie temperature {°F) 259 261 260
B, Actual water vapor in gas (% by vclume) 7.41 6.63 7.02
Gas Flow Rate
Q Velumetric flow rate, actual (acfm) 2,239,913 2,203,583 2,221,753
Q. Volumetric flow rate, standard {scim) 1,626,462 1,594 475 1,610,469
Q¢ Volumetric flow rate, dry standard (dscfm) 1,505,880 1,488,716 1,497,298
Selenium Results - Total
Caa Concentration {Ib/dscf) 2.56E-08 2 4BE-09 2.52E-09
C, Concentration (Iblfacf) 1.72E-09 1.67E-09 1.70E-09
C.a  Concentration {ug/dscrm) 4 10E+01 3.97E+01 4.04E+01
C.ar  Concentration @3% O, (Ha/dscm) 5.89E+01 5.52E+01 5.71E+01
Css  Concentration (mg/dscm) 4.10E-02 3.97E-02 4.04E-02
C.:  Concentration (pg/Nm® dry) 4,40E+01 4.26E+01 4.33E+01
Epae Rate (Ib/hn 2.32E-01 2.24E-01 2 26E-01
Eys  Rate (g/s) 2.92E-02 2.79E-02 2 85E-02
Silver Results - Total
C.a  Concentration {Ib/dscf) 5.96E-11 4.02E-11 4.99E-11
C. Concentration {Ib/ach) 4,01E-11 2.72E-11 3.36E-11
Ce  Concentration (pg/dscm) §.55E-01 6.44E-01 7.99E-01
C.y Concentration @3% O, (ag/dscm) 1.37E+00 8.96E-01 1.13E+00
Cs  Concentration (mg/dscm) 9.55E-04 5.44E-04 7.99E-04
Cw  Concentration (pg/m® dey) 1.02E+00 6.91E-01 8.53E-01
Epme  Rate (Ib/hr) 5.39E-03 3.58E-03 4.49E-03
Eg:  Rate (g/s) 6.79E-04 4.52E-04 5.65E-04
Thallium Results - Total
C.s  Concentration (Ib/dscf) <B.T7GE-12 <8 80E-12 <8. 75812
Ca Concentration (Ib/acf) <5 85E-12 «5 95E-12 <8.80E-12
Css  Concentration (pg/dscm) <1.39E-01 <1, 418-01 <1 40861
C.yy Concentration @3% O, (ug/dscm) <2.00E-01 <1.896E-01 <1.98E-01
Css  Conceniration (mg/dscm) <1.38E-04 <1.41E-04 <1 40504
Csd  Concentration (ug,mea dry} <1 50801 <1{.51E-01 <{.508-01
Epme Rate (Ib/hn <7 BHE-04 <7_86E-04 <7.86E-G4
Eg:  Rate (g/s) <8 91F-05 <8.91£-05 <9.81E-05
Zinc Results - Total
C.¢  Concentration (Ib/dscf} 2.44E-09 2.60E-09 2.52E-09
C. Concentration {Ib/acf) 1.64E-09 1.76E-09 1.70E-09
C.q  Concentration (ug/dsem) 3.91E+01 4,16E+01 4_03E+01
C.ar  Concentration @3% O, (pgrdscm) 5.61E+01 5.79E+01 5.70E+01
C.¢ Concentration (mg/dscm) 3.91E-02 4,16E-02 4.03E-02
C.:  Concentration (ug/Nm® dry) 4 19E+01 44TE+01 4.33E+01
Epmr  Rate (Ib/hr) 2 20E-H1 2.32E-01 2.26E-01
Egs  Rate (g/s) 2.Y8E-02 2.92E-02 2.85E-02
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CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2-8
Table 2-8:
Unit 4 FGD Stack — Method 29 (Hg) - Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time {approx.} 11:48 15:01
Stop Time {approx.} 13:57 16:47
Gas Conditions
Q, Oxygen (dry volume %]} 7.4 8.2 7.8
CQ, Carbon dioxide (dry volume %) 1.7 11.0 11.3
T Sample temperature (°F) 126 125 125
By Actual water vapor in gas (% by volume) 12.82 12.89 12.86
Gas Flow Rate
Q. Volumetric flow rate, actual (acfm) 2,181,522 2,157,786 2,169,654
Qs Volumetric flow rate, standard {scfm) 1,951,831 1,930,456 1,941,144
Qua  Volumetric flow rate, dry standard (dscfm) 1,701,608 1,681,609 1,691,608
Mercury Results - Total
Csy  Concentration {Ib/dscf) 3.97E-11 4.32E-11 4.15E-11
Ca Concentration {Ib/acf) 3.10E-11 3.37E-11 3.23E-11
Csa  Concentration {pg/dscm) 6.36E-01 6.92E-01 6.64E-01
Cear  Concentration @3% O, {ugidscm) 8.42E-D1 9.73E-01 9.08E-01
Cs  Concentration {mg/dscm) 6.36E-04 6.92E-04 6.64E-04
Cet  Concentration (pg/Nm* dry) 6.83E-01 7.42E-01 7.13E-01
Epme  Rate (ib/hr) 4,06E-03 4.36E-03 4.21E-03
Eg:  Rate (g/s) 5.11E-04 5.49E-04 £.30E-04
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

RESULTS 2-9
Table 2-9:
Unit 4 FGD Stack — Method 29 (Sh, As, Ba, Be) — Runs 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.) 11:48 15:01
Stop Time (approx.) 1357 16:47
Gas Conditions
O Oxygen {dry volume %) 74 8.2 7.8
CO2 Carbon dioxide {dry volume %) 1.7 11.0 11.3
Ts Sample temperature {°F) 125 125 125
By Actual water vapor in gas (% by volume) 12.82 12.89 12.86
Gas Flow Rate
Q. Volumetric flow rate, actual (acfm) 2,181,522 2,157,786 2,169,654
Qs Volumetric flow rate, standard (scfm} 4,951,831 1,930,456 1,941,144
Qe Volumnetric flow rate, dry standard (dscfm) 1,701,608 1,681,609 1,691,608
Antimony Resuits - Total
C.s  Concentration ([b/dscf) 2.31E-11 1.53E-11 1.92E-11
C, Concentration {Ib/acf) 1.80E-11 1.19E-11 1.49E-11
Cs  Concentration {ug/dscm) 3,89E-01 2.44E-01 3.07E-1
Cir  Concentration @7% O, (pgidscm) 3.80E-01 2.67E-01 3.23E-01
Ca  Concentration (mg/dscm) 3.69E-04 2.44E-04 3.07E-04
Ca  Concentration (ug/Nm® dry} 3.96E-01 2.62E-01 3.29E-01
Ewme  Rate {Ib/hr) 2.35E-03 1.54E-03 1.95E-03
Ex  Rate (g/s) 2.97E-04 1.94E-04 2.45E-04
Arsenic Results - Total
C.a  Concentration (Ib/idscf) 6.08E-11 6.34E-11 6.21E-11
C, Concentration (Ib/acf) 4.74E-11 4.94E-11 4.84E-11
C:  Concenfration (ug/dscm) 9.73E-01 1.02E+00 9.94E-01
Cey7 Concentration @7% Oz {(Hafdsem) 1.00E+00 1.11E+00 1.06E+00
Csa  Concenfration {mg/dscm) 9.73E-04 1.02ZE-03 9.94E-04
Cu  Concentration (ug/Nm® dry) 1.04E+00 1.09E+00 1.07E+00
Epm:  Rate {tb/hr) 6.21E-03 6.40E-03 6.30E-03
Eys Rate {g/s} 7.82E-04 8.06E-04 7.94E-04
Barium Results - Total
Cs  Concentration (\b/dscf) 5.42E-11 4.28E-11 4.85E-11
Ca  Concentration {b/acf) 4,22E-11 3.34E-11 3.78E-11
C.a  Concentration (ug/dscm) 8.67E-01 6.85E-01 7.76E-01
C.ar Concentration @7% O, (pgidscm) 8.92E-01 7.48E-01 8.20E-01
C;s  Concentration (mg/dscm) B.6TE-04 6.85E-04 7.76E-04
Css  Concentration (ag/Nm” dry} 8.31E-01 7.36E-01 8.33E-01
Ewne  Rate {Ib/hr) 5.53E-03 4.32E-03 4.92E-03
Ey, Rate (gis) 6.97E-04 5.44E-04 6.20E-04
Beryllium Resulis - Total
Cy  Concentration (lb/dscf) <1.95E-12 <1 Q8E-12 <1.96E-12
C, Cancentration {lb/acf) <1 B2E-12 <1.54E-12 <1.53E-13
C.s  Concentration (pg/dscm) <3 12802 <3 ATE-02 <3 18E-02
C.er  Concentration @7% O (ug/dscm) w3 21E-02 <3 4BE-02 <3.348.02
C.s  Concentration (mg/fdscm} <3.12E-05 <3 EE-GS
C.  Concentration (ug/Nm® dry) <3.38E-02 <3.38E-02
Epme Rate (Ibfhr) <1 §4E-04 <2.00F-04 <1.99E-84
Eys  Rate (g/s) <2 51E-03 <2.52E-05 <2.34E-G5
052907 111851
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

RESULTS

Unit 4 FGD Stack — Method 29 (Cd, Cr, Co, Cu) — Runs 1-2

Table 2-10:

Client Reference No: 96004005
CleanAir Project No: 10171

2-10

Run No.

Date (2007)

Start Time (approx.}

Stop Time (approx.)

Gas Conditions
Qs Oxygen {dry volume %)
CO:; Carbon dioxide (dry volume %}
Ts Sample temperature (°F)

By Actual water vapor in gas (% by volume)

Gas Flow Rate
Q, Volumetric fiow rate, actual {acfm)
Q, Volumetric flow rate, standard (scfm)

Qe Volumetric flow rate, dry standard (dscfm}

Cadmiurm Results - Total
Ci  Concentration (ib/dsch)
Ca Concentration (Ib/ac)
C.s  Concentration (pg/dscim)
Cqyy  Concentration @3% O, (ug/dscm)
C.s  Concentration (mg/dscm)
Cs  Concentration (pg/Nm® dry}
Epm Rate (Ib/hn)
Eg:  Rate (g/s)

Chromium Resuits - Total
C.¢  Concentration (Ib/dscf)
Ca Concentration {Ib/acf)
C.a  Concentration (pg/dscm)
Cyaz  Concentration @3% O, {(pg/dscmy)
Csy  Conceniration (mg/dscm)
Css  Concentration (pg/Nm? dry)
Epme  Rate {Ib/hr)
Ey:  Rate (g/s)

Cobalt Results - Total
Ciqa  Concentration (Ib/dscf)
Ca Concentration {Ib/ach
Cw  Concentration (pg/dscrm)
C.sr Concentration @3% O (ug/dscm)
Csy  Concentration (mg/dscm)
C:s  Concentration (ug/Nm® dry)
Ewm:  Rate {Ib/hr)
Eg:  Rate (g/s)
Copper Results - Total
Cs  Concentration (Ib/dsct)
Ca Concentration {Ib/acf)
Csq  Concentration (Hg/dsem)
Cqr Concentration @3% Q, {paidscm)
Cs  Concentration {mg/dscm)
Csa  Concentration (ug/Nm® dry)
Epmr  Rate (Ib/hr)
Eygs  Rate (g/s)

1

Mar 27
11:48
13:57

7.4
11.7
125
12.82

2,181,622
1,951,831
1,701,808

t.08E-11
8.39E-12
1.72E-01
1.77E-01
1.72E-04
1.85E-01
1.10E-03
1.38E-04

3.19E-11
2.49E-11
5.12E-01
5.26E-01
5.12E-04
5.49E-01
3.26E-03
4.11E-04

1.04E-11
8.14E-12
1.67E-01

1.72E-H
1.67E-04
1.79E-01
1.07E-03
1.34E-04

4.10E-11
3,20E-11
6.57E-M
6.75E-01
6.57E-04
7.05E-01
4.19E-03
5.28E-04

2

Mar 27
1501
16:47

8.2
11.0
125
12.89

2,157,786
1,930,456
1,681,609

v
i
b

w N
3
Mol oMo
oS

Qoo oW
S G W

A
3
Mo

I
et
M
feil

«§.00E-04
<1.G1E-04

3.20E-11
2.56E-11
5.27E-01
5.75E-H
5.27E-04
5.65E-01
3.32E-03
4.18E-04

«1.015-04

2,35E-11
1.83E-11
3.76E-01
4. 11E-01
3.76E-04
4.04E-01
2.37E-03
2.99E-04

Average

7.8
11.3
125
12,86

2,169,654
1,941,144
1,691,608

<B.348.12
<7.28E-12
<4.505-31
<1.88E-01
<%.50E-04
<4.518-01
<8.49E-04
<1.2DE-B4

3.24E-11
2.53E-11
5.19E-01
5.51E-01
5.19E-04
6.57E-01
3.29E-03
4.15E-04

<B18E-12
<7 A6E-12
<1 47E.01
<4 GEE-01
<1.47E.04
<3.58E-01
<8.33E.04
<1.18E.D4

3.23E-11
2.52E-11
5.17E-01
5.43E-01
517E-04
5.54E-01
3.28E-03
4.13E-04

Revision 0
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

RESULTS

Unit 4 FGD Stack — Method 29 (Pb, Mn, Ni, P) - Runs 1-2

Client Reference No: 96004005
CleanAir Project No: 10171

Run No.

Date (2007)
Stant Time (approx.)
Stop Time {approx.)
Gas Conditions
[ Oxygen (dry velume %)
CO;  Carbon dioxide {dry volume %}
Ts Sample temperature (°F)
By Actual water vapor in gas (% by volume)

Gas Flow Rate
Q, Volumetric flow rate, actual (acfm)
Qg Velumetric flow rate, standard {scfm)
Quq  Volumetric flow rate, dry standard (dscfm)

Lead Resuits - Total
C.  Concentration {Ib/dscf)
Ca Concentration {ibfac)
Csa  Concentration (Mg/dscm)
C..7 Concentration @3% O, (pg/dscm)
Csz  Concentration (mg/dscm)
Cer  Concentration {pg/Nm? dry)
Ewn  Rate (Ib/nr)
Eys Rate {g/s}

Manganese Results - Total
Ceq  Concentration (Ib/dscl)
Ca Concentration {Ibfac)
Csa  Concentration {pg/dscm)
Cq7 Concentration @3% O, (ugidscm)
Csq  Concentration {mg/dscm)
Cwa  Concentration (ug/Nm? dry)
Epme  Rate (Ib/hr)
E,s Rate (g/s)

Nickel Results - Total
Cey  Concentration (Ib/dscf)
€. Concentration (Ib/acf)
Ced  Concentration (pg/dscm)
Cqy  Concentration @3% O (Hg/dscm)
C.a  Concentration (mg/dsem)
Csa  Concentration (ug/Nm?® dry)
Epmr  Rate (Ib/hr)
Eg:  Rate {g/s)

" Phosphorus Results - Total
Cq  Concentration (Ib/dsci)
Ca Concentration {Ib/acf)
Csa  Concentration (pg/dscm)
Cygr  Concentration @3% O, (pgfdsem)
Csy  Concentration (mg/dscm)
Css  Concenitration (pg/Nm? dry)
Epmr  Rate (Ib/hr)
Ey: Rate (gis)

Revision 0

2-11
Table 2-11:
1 2 Average
Mar 27 Mar 27
11:48 15:01
13:57 16:47
74 8.2 7.8
17 11.0 11.3
125 125 125
12.82 12.89 12.86
2,181,522 2,157,786 2,169,654
1,951,831 1,930,456 1,941,144
1,701,608 1,681,609 1,691,608
4.90E-11 4.15E-11 4.52E-11
3.82E-11 3.23E-11 3.53E-11
7.84E-01 6.65E-01 7.24E-01
8.05E-01 7.25E-01 7.66E-01
7.84E-04 6.65E-04 7.24E-04
8.42E-01 7.13E-01 7.77E-01
5.00E-03 4.19E-03 4.59E-03
6.30E-04 5.27E-04 5.79E-04
9.76E-11 3.83E-11 6.80E-11
1.628-11 2.98E-11 5.30E-11
1.56E+00 8,13E-01 1.09E+00
1.61E+00 5.69E-01 1.14E+00
1.56E-03 6.13E-04 1.09E-03
1.6BE+00 6,58E-01 1.17E+00
9.97E-03 3.86E-03 B.92E-03
1.26E-03 4.87E-04 8.71E-04
2.47E-10 1.10E-10 1.78E-10
1.93E-10 8.55E-11 1.39E-10
3.96E+00 1.76E+00 2.86E+00
4.07E+HIC 1.92E+00 2.99E+00
3.96E-03 1.76E-G3 2.86E-03
4,24E+00 1.89E+00 3.07E+00
2 52E-02 1.11E-02 1.81E-02
3.18E-03 1.39E-03 2.29E-03
«7 79E-11 <7 93E-11 <7.86E.11
<B.08E-11 <6 1BE-11 <8 13811
<% 288408 «1.27E+00 i 26EHG0
<4 28E+00 <1 3BE+00 <4 335+00
<1 25E-03 «1 278-03 <1 28E-03
<}.34E+00 <. 3BE+D0 <1.358+060
<7 98E-03 <5 A08-03 <7.98E-03
<1 BGE-03 <} 91803 <1.00E-03
052907 111956
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

RESULTS 212
Table 2-12:
Unit 4 FGD Stack —~ Method 29 (Se, Ag, T}, Zn) —Runs 1-2
Run No, 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time {approx.) 11:48 15:1
Stop Time (approx.} 13.57 16:47
Gas Conditions
0, Oxygen (dry volume %) 7.4 8.2 7.8
CO, Carbon dioxide (dry volume %) 11.7 11.0 1.3
Ts Sample temperature (°F) i25 125 125
By  Actual water vapor in gas (% by volume) 12,82 12.89 12.86
Gas Flow Rate
Q Volumetric flow rate, actual (acfm) 2,181,522 2,157,786 2,169,654
Qqa  Volumetric flow rate, dry standard (dscfm}) 1,701,608 1,681,609 1,691,608
Selenium Results - Totat
Cay Concentration (Ib/dsch) B.65E-10 7.41E-10 8.03E-10
Ca Concentration (lb/acf) B.75E-10 5.78E-10 6.26E-10
Cs¢  Concentration (pg/dscm) 1.39E+01 1.19E+01 1.29E+01
Geqr  Concentration @3% O, {pgidscm) 1.42E+01 1.30E+01 1.36E+01
Csa  Concentration (mg/dscm) 1.38E-02 1.18E-02 1.29E-62
Cs  Concentration (ng/Nm” dry) 1.49E+01 1.27E+01 1.38E+01
Epme  Rate (loshr) 8.83E-02 7.48E-02 8.15E-02
Egs  Rate (g/s) 1.11E-02 9.42E-03 1.03E-62
Silver Resulfs - Total
Csa  Concentration {Ib/dscf) 1.96E-11 1.26E-11 1.61E-11
Ca Concentration {Ib/acf) 1.53E-11 9.85E-12 1.26E-11
Ces  Concentration {pg/dscm) 3.14E-01 2.02E-01 2.58E-01
Ceqy  Concentration @3% O, (ug/dscm) 3.23E-01 2.21E-01 2.72E-01
Cea  Concentration {mg/dscm) 3.14E-04 2.02E-04 2.58E-04
G Concentration (ug/Nm? dry} 3.37E-01 2.17E-01 2.77E-01
Epme  Rate {Ib/hr) 2.00E-03 1.28E-03 1.64E-03
Eg Rate (gis) 2.53E-04 1.61E-04 2.07E-04
Thallium Results - Totat
Caa Concentration (Ib/dsch) <7 79E-12 <7 93E-12 <7.BBE-12
Ca Concentration (ib/acf) <§.08E-12 <G 18E-12 <5.13E-12
C.a  Concentration (ug/dsem) <1 25E-01 «1.27E-01 <1.26E-01
Cyy7  Concentration @3% O, (ug/dscm) <4 29E-01 «<1.38E-01 <1.33E-0%
Caa  Concentration (mg/dscm) <1 25804 4 27E-04 <1.26E-04
Ca  Concentration (ug/Nm® dry} <1.34E-01 <1.36E-01 <1.35E-01
Epme  Rate {Ib/hr) <7 9BE-04 <B.00E-04 <7.98E.04
Egs  Rale (gis) <1 00E-04 <1, 9104 <1 DHE4
Zinc Resuits - Total
Csa  Concentration (Ib/dscf) 1.12E-09 7.47E-10 9.32E-10
Ca Concentration {Ib/acf) 8.71E-10 5.82E-10 7.26E-10
Css  Concentration (ug/dscm) 1.78E+01 1.20E+01 1.49E+01
Csq7  Concentration @3% O, (ug/dscm) 1.84E+01 1.31E+01 1.57E+01
Cea  Concentration (mg/dscm) 1.79E-02 1.20E-02 1.49E-02
Coa  Concentration (ug/Nm® dry) 1.92E+01 1.28E+01 1.60E+01
Epnr  Rate {Ib/hr) 1.14E-01 7.54E-02 9.47E-02
Egs  Rate (g/s) 1.44E-02 9.50E-03 1.19E-02
052907 {11957
ceaee
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CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 213
Table 2-13:
Unit 4 FGD Inlet — Method 26 — Glass, Runs 1-4
Run Neo. 1 2 3 4 Average
Date (2007) Mar 28 Mar 28 Mar 28 Mar 29
Start Time (approx.) 09:35 11:59 14:03 08:41
Stop Time {approx.) 11:11 13:35 15:39 10:17
Process Conditions
Fy Oxygen-based F-factor (dscf/MMBtu) 8,780 8,780 9,780 8,780
Fq Carben dioxide-b ased F-factor { dscf/MMBtu} 1,800 1,800 1,800 1,800
Gas Conditions
o]} Oxygen (dry valume %) 8.8 8.7 7.5 8.0 8.2
CO, Carbon dioxide ( dry volume %) 10.6 9.9 i1.8 1.2 10.9
Ts Sample temperature (°F} 255 259 262 250 257
By, Actual water vapor in gas (% by volume) 10,50 10.61 9.84 9.69 10.18
Hydrogen Chloride {HCI} Results
Css  HCI Concentration {ppmdv) 58.7 49.8 54.0 45.0 51.9
Geqr  HCI Concentration @3% Op (ppmdv} 86.6 731 721 62.5 7386
Era  HCIRate - Fd-based (Ib/MMBtu) $.35E-02 7.89E-02 7.79E-02 6.75E-02 7.95E-02
Er.  HCI Rate - Fc-based (Io/MMBtu) 9.44E-02 8.57E-02 7.79E-02  ©,85E-02 8.16E-02
Hydrogen Fluoride {HF} Results
Cua HF Concentration {ppmdyv) 1.7 7.40 5.58 6.71 7.84
Csiz  HF Concentration @3% 02 (ppmdv) 17.2 10.9 7.48 9.31 11.2
Ery  HF Rate - Fd-based (Ib/MMBtu) 1,02E-02  6.43E-03  4.42E-03 5.52E-03 6.64E-03
E:;  HF Rate - Fc-based (Ib/MMBtu) 1.03E-02  6.98E-03  442E-03  5.60E-03 6.82E-03

052807 1118560
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2-14
Table 2-14:
Unit 4 FGD Inlet — Method 26 — Glass, Runs 5-8
Run No. 5 -] 7 8 Average
Date (2007) Mar 29 Mar 29 Mar 3¢ Mar 30
Start Time {approx.) 10:51 12:58 08:26 11:23
Stop Time {approx.) 12:27 14:34 10:02 12:59
Process Conditions
Fq Oxygen-based F-factor {dscf/MMBtu) 9,780 9,780 9,780 9,780
Fe Carbon dioxide-based F-fa ctor (dscf/MMBtu} 1,800 1,800 1,800 1,800
Gas Conditions
0, Oxygen (dry volume %) 9.5 7.6 82 8.1 8.4
CO;  Carbon dioxide (dry volume %) 9.9 11.6 1.0 11.1 10.9
Ts Sample temperature (°F) 246 244 241 244 244
B Actual water vapor in gas (% by volume) 10,13 10.01 9.58 9.67 9.85
Hydrogen Chloride (HCI) Results
Ce  HCI Concentration (pprdv) 42.42 42.17 50.02 55.43 47.51
C.7  HCI Concentration @3% O 2 (ppmdv) 66.61 56.75 70.50 77.52 67.85
Ery  HCI Rate - Fd-based (Ib/MM Btu) 7.19E-02 6.13E-02 7.61E-02 8.37E-02 7.33E-02
Ere HCI Rate - Fe-based (Ib/M MBiu) 7.30E-02 6.19E-02 7.74E-02 8.50E-02 7.43E-02
Hydrogen Fluoride (HF} Results
Csa  HF Concentration {ppm dv) 5.42 B.25 5,61 6.71 .00
_ Gy HF Concentration @3% 02 (ppmdv) 8.51 8.41 7.90 9.38 8.55
Era HF Rate - Fd-based (Ib/M MBtu} 5.04E-03 4.99E-03 4.68E-03 5.56E-03 5.07E-03
Er.  HF Rate - Fc-based (Ib/MM Btu) 5.11E-03 5.03E-03 4 76E-03 5.64E-03 5. 14E-03

052907 112004
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 215
Table 2-15:
Unit 4 FGD Inlet - Method 26 — Teflon, Runs 1-4
Run No. 1 2 3 4 Average
Date (2007) Mar 28 Mar 28 Mar 28 Mar 29
Start Time {approx.} 09:35 11:59 14:03 08:41
Stop Time {approx.} 11:11 13:35 15:39 10:17
Process Conditions
Fa Oxygen-based F-factor {dscf/MMBtu) 9,780 9,780 9,780 9,780
F. Carbon dioxide-based F-factor (dsciMMBHu) 1,800 1,800 1,800 1,800
Gas Conditions
Q2 Oxygen (dry volume %) 8.4 8.5 9.5 8.0 8.5
CO; Garbon dioxide {dry volume %)} 11.2 106 9.9 11.2 10.7
Ts Sample temperature (°F) 255 257 257 247 254
Bw  Actual water vapor in gas {% by volume} 11.18 10.68 10.47 10.27 10.65
Hydrogen Chloride (HCI) Results
Ces  HCI Concentration {ppmdv) 43.82 51.03 56.60 42.69 48.54
Csgr HCI Concentration @3% Q; {ppndv) 61.28 73.67 88.87 59.24 70.76
Ers  HCI Rate - Fd-based (Ib/MMBtu} 6.62E-02 7.96E-02 9.60E-02 5.40E-02 T.64E-02
Er,  HCI Rate - Fc-hased (Ib/MMB{u) 6.66E-02 8 20E-02 973E-02 6.49E-02 7.77E-02
Hydrogen Fluoride (HF} Results
Css  HF Concentration (ppmdv) 6.34 6.53 5.31 5.50 582
Csqr  HF Concentration @3% 02 (ppmdv) 8.86 8.43 B.33 7.63 8.56
Eggy  HF Rate - Fd-based {Ib/MMBtu) 5.25E-03 5.59E-03 4 .84E-03 4.52E-03 5.07E-03
Er,  HF Rale - Fc-based (Ib/MMBtu) 5.290E-03 §.75E-03 5.01E-03  4.58E-03 5.16E-03
Removal efficiency based on ppmdv @ 3% 02 052807 112007
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 216
Table 2-16:
Unit 4 FGD Inlet — Method 26 — Teflon, Runs 5-8
Run No. 5 ] 7 B8 Average
Date {2007} Mar 29 Mar 28 Mar 30 Mar 30
Start Time (approx.} 10:51 12:58 08:28 11:23
Stop Time (approx.} 12:27 14:34 10:02 12:59
Process Conditions
Fq Oxygen-based F-factor (dscf/MMBtu) 9,780 9,780 8,780 9,780
Fe Carboen dioxide-based F-fastor {dscfiiMBiU} 1,800 1,800 1,800 1,800
Gas Conditions
O  Oxygen (dry volume %) 8.0 7.7 8.5 7.9 8.0
CQO,  Carbon dioxide {dry volume %) 11.6 11.6 10.6 t1.4 1.3
Ts Sample temperature (°F) 243 242 239 242 242
B,  Actual water vapor in gas (% by voiume;) 11.13 9.97 10.0t 9.98 10.27
Hydrogen Chloride (HCI) Results
Csa  HCI Concentration (ppmdv} 44.61 43,45 47.85 53.22 47.28
Car  HCI Concentration @3% O {ppmdv) 61.90 58.92 69.08 73.28 65.79
Era  HCI Rate - Fd-based (Ib/MMBte) 6.69E-02 6.36E-02 7.46E-02 7.91E-02 7.11E-02
Er,  HCI Rate - Fc-based {tb/MMBtu) 6.55E-02 B.3BE-02 7.89E-02 7.95E-02 7.14E-02
Hydrogen Fluoride (HF} Results
Csq  HF Conceniration (pprdv) 7.63 6.17 5.71 5.74 6.29
Cey7  HF Concentration @3% 02 (ppmdv} 10.45 8.37 8.24 7.80 8.74
Erg  HF Rate - Fd-based (Ib/MMBtu) 6.19E-03 4 96E-03 4 88E-03 4.68E-03 5.18E-03
Er.  HF Rate - Fc-based (Ib/MMBtu) 6.06E-03 4.97E-03 5.03E-03 4,70E-03 5.19E-03
Removal efficiency based on ppmdv @ 3% 02 052807 112010
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2-17
Table 2-17:
Unit 4 FGD Stack — Method 26 — Glass, Runs 14
Run No. 1 2 3 4 Average
Date {2007) Mar 28 Mar 28 Mar 28 Mar 29
Start Time (approx.) 09:35 11:59 14.03 08:41
Stop Time {approx.} 1111 13:35 15:38 1017
Process Conditions
Fq Oxygen-based F-factor {dscf/MMB{u) 9,780 9,780 9,780 9,780
Fe Carbon dioxide-based F-factor (dscffMMBtu) 1,800 1,800 1,800 1,800
Gas Conditions
C, Oxygen (dry volume %) 7.9 - 82 7.3 7.0 7.6
CQ, Carbon dioxide {dry volume %) 1.4 11.0 1.9 12.1 11.6
T Sample temperature (°F) 124 124 125 125 125
B,  Actual water vapor in gas (% by volume) 12.80 11.74 13.24 12.43 12.65
Hydrogen Chloride (HCI) Results
Cea  HCI Concentration {ppmdv} 0.052 0.102 0.061 0.052 0.067
Cyy  MCI Concentration @3% O (ppmdv) 0.072 0.144 0.080 0,067 0.091
Ers  HCI Rate - Fd-based (Ib/MMBte) 7.76E-05 1.56E-04 8.69E-05 7.24E-05 9.81E-05
Er.  HCI Rate - Fc-based {Ib/MMBtu) 7.79E-05 1.58E-D4 B.74E-D5  7.32E-05 9.92E-05
RE Reduction Efficiency (% Remo\.'ali)1 89.9% 98.8% 99.9% 99.9% 99.9%
Hydrogen Fluoride (HF) Results
G HF Concentration (ppmdv) <0.0077 <0011 «0.014 «{.014 <«0.010
C.r  HF Concentration @3% 02 (ppmdv) <0011 <¢.015 =“0.014 <0.015 <0.0%4
Ers  HF Rate - Fd-based (Ib/MMBtu} «HI6E-06 =H02E-08 <R47E-06  <RYBE-06 <8.{B6E-08
Er,  HF Rate - Fe-based (Ib/MMBtu) <§.28E-08 <8 i7E-068 <«862E-06 <8.8BE-0BH <8.24E-08
RE  Reduction Efficiency (% Removal)' 99.9% 99.9% 99.9% 99.9% 99.9%
! Reduction efficiency determined using ppmdy @ 3% .. 052907 11206
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2-18
Table 2-18:
Unit 4 FGD Stack — Method 26 — Glass, Runs 5-8
Run No. [ 8 7 3 Average
Date {2007) Mar 29 Mar 29 Mar 30 Mar 30
Start Time (approx.) 16:51 12:58 08:26 11:23
Stop Time {approx.) 12:27 14.34 10:02 12:59
Process Conditions
Fa Oxygen-based F-factor (dscfiMMBtu} 8,780 9,780 9,780 9,780
Fe Carbon dioxide-bas ed F-factor {ds ¢cf/MMBtu) 1,800 1,800 1,800 1,800
Gas Conditions
o) Cxygen (dry volume %) 7.0 71 B.9 7.0 7.0
CO, Carbon dioxide (dry volume %) 12.2 12.2 12.1 12.2 12.2
Ts Sample temperature {°F) 123 123 123 122 123
Bw Actual water vapoer in gas (% by volume) §1.68 11.65 11.78 11.81 11.73
Hydrogen Chloride (HCi) Results
Cs  HCI Concentration (pprmdv) 0.033 0.050 0.033 0.036 0.038
Cu7  HCI Concentration @3% O, {ppmdv) 0.043 0.065 0.043 0.046 0.049
Erg  HCI Rate - Fd-based {|b/MMBtu) 4.61E-05 7.07E-05  4.80E-05  5.01E-08 5.32E-05
Er.  HCI Rate - Fc-bas ed (Ib/MMBtu) 4.62E-06  7.04E-06  4.69E-05 5.03E-05 5.35E-05
RE  Reduction Efficiency (% Removal)' 89.9% 99.9% 100,0% 100.0% 99.9%
Hydrogen Fluoride (HF) Results
Csy  HF Concentration { ppmdv) <O <(.011 <{(.012 <0042 <011
Ceaz  HF Concentration @3% Q2 {ppmdv) <0.018 <0.014 <{(3.01% <Q.018 <0.618
Erg  HF Rate - Fd-base d {(ib/MMBtu} <8 77E-06 <B.85E-08 <8.76E-D6  «&.90E-08 <B.T55-06
Ere  HF Rate - Fe-based { Ib/MMBtu) <H 8006 <8.52E.08 <BOIE-068  <8.93E-08 <3.78E-08
RE  Reduction Efficiency (% Remaval)' 99.8% 99.9% 99.9% 99.9% 99.9%
' Reduction efficiency determined using ppmdv @ 3% Og. 052907 114143
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 219
Table 2-19:
Unit 4 FGD Stack —~ Method 26 — Teflon, Runs 1-4
Run No. 1 2 3 4 Average
Date {2007) Mar 28 Mar 28 Mar 28 Mar 29
Start Time (approx.) 09:35 11:59 14:03 08:41
Stop Time (approx.) 11:11 13:38 15:39 10:17
Process Conditions
Fq Oxygen-based F-factor {dscf/MMBtu) 9,780 9,780 9,780 9,780
F.  Carbon dioxide-based F-factor (dscffMMBtu) 1,800 1,800 1,800 1,800
Gas Conditions
o Oxygen {dry velume %) 7.0 6.9 6.9 71 7.0
CO, Carbon dioxide {dry volume %) 12.3 12.3 12.1 2.2 12.2
Ts Sample temperature (°F} 126 126 126 126 126
By Actual water vapor in gas (% by volume) 12.45 12.98 2,22 12.07 12,43
Hydrogen Chloride {HCI} Results
Ce:a  HCI Concentration {ppmdv) 0.045 0.089 0.036 0.080 0.062
C.gz  HCl Concentration @3% O, {ppmdv) 0.058 0.113 0.048 c.103 0.080
Ers  HC! Rate - Fd-based {l b/MMBtu) 6.23E-05 1.22E-04 5.01E-05 1.11E-04 8.66E-05
Epe  HCI Rate - Fe-bas ed (Ib/MMBiu) 6.20E-05 1.23E-04  5.10E-05 1.11E-04 8.67E-08
RE  Reduction Efficiency (% Remaval)’ 99.9% 99.8% 99.9% 99.8% 99.9%
Hydrogen Fiuoride (HF} Results
Cea HF Cancentration { ppmdv) <7 A48E-03  «<7.B3R-03  <R27E-03 <110E-02 <8.84E-03
Ce7  HF Concentration @3% G2 (ppmdv) <0.018 <0.010 <3012 <4.014 <0.011
Ery  HF Rate - Fd-based (Ib/MMBtu} <8 72E-08 <« T2E-08 «7.0ZE-06 <84BE-08 <6.7T4E-08
Er.  HF Rate - Fe-based { Ib/MMBtu) «<§.GIE-08  <5TV4E-08  w7.I5E-08 <84BE0&8 <8 7BE-06
RE  Reduction Efficlency (% Rem.:)\.ral)1 99,9% 99.9% 99.9% 99.8% 99.9%
¥ Reduetion efficiency determined using pp mdv @ 3% Q.. 052007 112023
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RES 2-20
Table 2-20:
Unit 4 FGD Stack — Method 26 — Teflon, Runs 5-8
Run No. 5 6 7 8 Average
Date (2007) Mar 29 Mar 29 Mar 30 Mar 30
Start Time (approx.) 10:51 12:58 08:26 11:23
Stop Time {approx.} 12:27 14:34 1002 12:59
Process Conditions
Fyq Cxygen-base d F-factor (dsci/MMBtu) 8,780 9,780 9,780 9,780
Fe Carben dioxide-based F-factor (dsc ffMMBtu} 1,800 1,800 1,800 1,800
Gas Conditions
o) Oxygen (dry volume %) 6.8 6.8 8.8 6.8 6.3
CO, Carbon dioxide (dry volume %) 12.3 12.5 12.2 123 12.3
T Sample temperature (°F) 124 124 124 123 124
B., Actual water vaper in gas {% by volume) 11.75 11.30 11.49 11.87 11.60
Hydrogen Chloride (HCI} Resuits
C.a  HCI Concentration (ppmdv) G.058 0.053 0.027 0.13 0.068
G,y HCl Concentration @3% O, {ppmdv) 0.074 0.067 0,034 0.17 0,036
Erg  HCI Rate - Fd-based (| /MMBtu)} 7.97E-05  7.20E-05 3.71E-05 1.82E-04 9.27E-05
Er;  HCI Rate - Fe-bas ed (Ib/MMBtu) 8.05E-05  7.15E-05  3.78E-05 1.84E-04 9.34E-05
RE  Reduction Efficiency (% Remaoval)’ 99.9% 99.9% 100.0% 99.8% 95.9%
Hydrogen Fluoride {HF) Results
Csa  HF Concentration ( ppmdv} <G.011 =0.011 <0016 <3011 {041
Csz  HF Concentration @3% ©2 (ppmdv) <0.014 <0.914 <0012 <0014 <8044
Era  HF Rate - Fd-based {Ib/MMBtu} <& BOE-08  <B.34E-08 <7 §1E-06 <807E-06 <3, 13E-08
Ere  HF Rate - Fc-based { Ie/MMBtu) <8 58506 <«B.I2BE-08 <7 74E-08 <8 15E-08  <B.1SE.06
RE  Reduction Efficiency (% Rermv’al)1 99.9% 99.9% 99.9% $9.9% 99.9%
' Reduction efficiency determined using pp mdv @ 3% O-. 052907 112027
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Client Reference No: 96004005
CleanAir Project No: 10171

ALSTOM POWER, INC.
MARSHALL STEAM STATION

RESULTS 2-21

Table 2-21:
Unit 4 FGD Inlet — FTIR — March 27, 2007

12:45 54.7 0.54 414.5 868.3 0.31 7.35 "7 .

13:00 55.4 3.38 212.0 108.9 o.M 868.7 0.18 7.29 11.8 8.0 1.5
13:15 56.2 5,38 220.5 108.3 ¢.11 866.4 0.08 7.35 11.9 8.0 11.86
13:30 56.3 6.43 161.6 103.9 0.08 861.9 010 7.30 11.8 7.9 11.6
13:45 56.4 7.15 182.7 104.4 0.05 852.3 0.03 7.27 117 7.8 "7
14:00 56.6 7.48 269.8 104.9 0.08 855.5 0.06 7.1 11.6 8.0 1.5
14:15 E7.4 B8.01 202.6 105.8 013 869.8 0.03 7.24 11.8 7.9 11.6
14:30 56.2 8.01 1554 102.4 0.21 849.8 0.03 7.06 11.8 8.2 1.3
14:45 57.1 8.32 157.2 109.2 0.12 865.9 0.02 7.1 1.7 8.0 1.5
15:00 57.4 8.30 £31.4 101.8 0.20 870.4 0.01 7.04 11.5 8.0 1.5
15:15 56.4 8.45 171.9 102.9 0.21 863.7 0.00 7.06 11.6 8.2 1.3
1530 56.9 8.58 296,68 102.5 0,22 866.7 0.01 7.07 11.6 8.0 1.5
15:45 556 8.55 75.4 107.3 0.21 859.4 000 719 11.9 8.1 1.3
16:00 6.5 8.58 246.0 100.4 0.21 876.5 -0.02 7.09 11.6 8.0 1.4
16:15 542 7.98 238.2 95.0 0.29 843.0 -0.08 6.78 1.0 9.0 106
16:30 54.2 8.05 30.4 99.6 0.39 834.7 0.05 6.83 10.9 B.6 10.8
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CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005

MARSHALL STEAM STATION CleanAir Project No: 10171

RESULTS 2-22
Table 2-22;

Unit 4 FGD Inlet - FTIR — March 28, 2007

12;15 52:5 8.69 169.2 112.8 1.20 886.8 ~0.18 7.77 12.6 6.7 12,8
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

2-23

Table 2-23:
Unif 4 FGD Stack — FTIR — March 29, 2007

Plant CEMS corrected to ppmdy using measured moisture content of flue gas.

Tahle 2-24;
Unit 4 FGD Stack — FTIR — March 30, 2007

2.30 0.00 0.04 450.7 137 1.62 433 0.72 11.48 126 65 12.7 443 124
9:45 a1 0.07 5000 113.0 1.60 41.3 0.74 i0.83 126 6.6 127
10:00 008 0.00 385.8 114.5 1.58 457 072 11.26 12.6 6.5 127 44.3 12.5
10:16 0.03 0.06 3501 116.0 1.54 454 0.79 11.19 126 6.6 126
10:30 0.08 0.07 143.2 1165 1.53 9.8 079 10,85 126 886 127 43.9 127
10:45 0.05 0.06 3222 1163 1.57 40.3 0.73 11.28 128 8.6 126
11.00 -4 0.02 643.8 115.5 165 45.3 0.76 11.33 127 &85 127 426 124
115 £.0% -0.04 2204 1185 167 45.2 0.72 1128 12.6 8.6 127
11:30 5403 Q.06 2i9.9 115.9 167 42.0 077 11.24 126 6.6 127 42.6 128
11:45 -0.01 GO0 3710 113.8 1.45 387 0.73 10.81 128 6.6 126
12:00 0.06 a.08 2208 1157 1.54 3838 0.79 141 126 87 1286 40.6 126
1215 0.03 0.04 217.0 1181 1.60 34,3 074 41.48 1286 66 12.7
12:30 0.05 011 2430 117.5 1.58 39.5 0.79 11.51 128 6.5 127 382 12.6
12:4% B07 0.00 3703 1163 1.47 39.3 .74 1155 127 6.3 12.9
13:00 08 0.01 4636 114.8 1.64 39.9 0.81 i1.14 126 6.4 12.8 38.7 12.4

Plant CEMS comected io ppmdy using measured moisture content of flua gas.
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CleanAir

ALSTOM POWER, INC. Client Reference No: 86004005
MARSHALL STEAM STATION CleanAir Project No: 10171
DESCRIPTION OF INSTALLATION 31

MARSHALL STEAM STATION

Capacity: 2,090 megawatts
Location: Catawba County, North Carolina
Commercial Date: 1965

Marshall Steam Station is a four-unit, coal-fired generating facility located in Catawba
County, North Carolina. Named for former Duke Power president E.C. Marshall, the
station is located on Lake Norman.

The second largest coal facility owned by Duke Energy in the Carolinas, Marshall
generates enough electricity to power approximately two million homes. Since it
began commercial operation in 1965, Marshall Steam Station has been among the most
efficient power plants in the nation.

Duke Energy has made significant improvements to reduce emissions from the
company’s coal-fired plants. A unique type of burner arrangement in the boilers keeps
the nitrogen oxide emissions from the Marshall facility well below regulatory limits.

In 2004, the company began installing flue gas desulfurization equipment — commonly
known as scrubbers. This equipment will lower the station’s sulfur dioxide emissions
by approximately 95 percent. The project is scheduled for completion in 2007

- A schematic of the process indicating sampling locations is shown in Figure 3-1.
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CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

DESCRIPTION OF INSTALLATION 3-2
MARSHALL STEAM STATION (CONTINUED)

MNorth
%

Route 150

Wain Plant Entrance

Existing Units (1-4)

4

|_ong Distance

¥

CleanAir CEM Trailer

FGD Inlet Test Ports L[

:I |:| Fans (4A and 4B)

Control Room

430 V Qutlet In-side Stack

OO0

ALSTOM Trailer Emissions Testing Location

T CleanAir Treiler Placement

ALSTOMISHAW FGD Entrance
lUse this entrance

Figure 3-1: Process Schematic
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CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

DESCRIPTION OF INSTALLATION 3-3
DESCRIPTION OF SAMPLING LOCATIONS

Table 3-1 outlines the sampling point configurations. Figure 3-2 through Figure 3-3
illustrates the sampling points and orientation of sampling ports for each of the sources
tested in the program.

Table 3-1:
Sampling Points
Run Points Minutes Total
Location Constituent Method No. Ports perPort  perPoint Minutes Figure
FGD Inlet S05/80, 8B 1-2 1 1 60 60 N/A
FGD Inlet Trace Metals 29 1-2 8 4 3 96 3-2
FGD Injet HCI/HF 26 1-8 1 1 96 96 N/A
FGD Stack SO./S0y 8C 1-2 1 1 60 90 N/A
FGD Stack Trace Metals 29 1-2 3 4 18 96 3-3
FGD Stack HCI/HF 26 1-8 1 1 96 96 N/A
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

DESCRIPTION OF INSTALLATION 3-4
DESCRIPTION OF SAMPLING LOCATIONS (CONTINUED)

i

264.0in. -

+ o+ 4]

-

I Y e Y Y O e A
+
+
1
+

+ o+ 4+ o+

400.01in.
+ o+  + o+
+ + 4+ o+
+ + 4+ o+
8 + + + 4+
4
Gas Flow Qut of Page
Sampling Point Port to Point Distance (in.)
1 92.4
2 66.0
3 396
4 13.2

Figure 3-2: FGD Inlet Sampling Point Determination {EPA Method 1)
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

DESCRIPTION OF INSTALLATION 3-5
DESCRIPTION OF SAMPLING LOCATIONS (CONTINUED}

e 3540 in- >

Gas Flow
Cut of Page
Sampling Point Port to Point Distance (in.)
1 114.3
2 68.7
3 37.2
4 11.3

Figure 3-3: FGD Stack Sampling Point Determination (EPA Method 1)
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

METHODOLOGY 41

Clean Air Engineering followed procedures as detailed in U.S. Environmental
Protection Agency (USEPA) Methods 1, 2, 3A, 26, 29 320 and CleanAir Methods 8B
and 8C. The following table summarizes the methods and their respective sources.

Table 4-1:
Summary of Sampling Procedures

Title 40 CFR Part 60 Appendix A

Method 1 “Sample and Velocity Traverses for Stationary Sources”

Method 2 “Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot
Tube)’

Method 3A “Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from

Stationary Sources (Instrumental Analyzer Procedure)’

Method 26 “Determination of Hydrogen Halide and Halogen Emissions from Stationary
Sources Non-Isokinetic Method”

Method 29 “Determination of Metals Emissions from Stationary Sources”
Miscellaneous Methods

CleanAir Method 8B "Determination Of Sulfur Oxides Including Sulfur Dioxide, Sulfur Trioxide, And
Sulfuric Acid Vapor And Mist From Stationary Sources Using A Controlled
Condensation Sampling Apparatus”

CleanAir Method 8C  "Determination Of Sulfur Oxides Including Sulfur Dioxide, Sulfur Trioxide, And
Sulfuric Acid Vapor And Mist From Stationary Sources Using An EPA Method 8
Sampling Apparatus Modified To Mitigate The Effects Of Moisture And Other
Potential Interferents”

Title 40 CFR Part 63 Appendix A

Method 320 “Measurement of Vapor Phase Organic and Inorganic Emissions by Extractive Fourier
Transform Infrared (FTIR) Spectroscopy”

These methods appear in detail in Title 40 of the Code of Federal Regulations (CFR)
and on the World Wide Web at http://www.cleanair.com.

Diagrams of the sampling apparatus and major specifications of the sampling, recovery
~ and analytical procedures are summarized for each method in Appendix A, o

CleanAir followed specific quality assurance and quality control (QA/QC) procedures
as outlined in the individual methods and in USEPA “Quality Assurance Handbook for
Air Pollution Measurement Systems: Volume III Stationary Source-Specific
Methods”, EPA/600/R-94/038C. Additional QA/QC methods as prescribed in
CleanAir’s internal Quality Manual were also followed. Results of all QA/QC
activities performed by CleanAir are summarized in Appendix D.
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

TESTMETHOD SPECIFICATIONS ...ttt ran s e rase s st e s an en e ne e enenenan s A

SAMPLLE CAL UL AT ON S ... oottt ettt ettt et et e eee e e et et e meeeeeeea e e e ettt e aeeeembaessaesa e B
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