NORTH CAROLINA DIVISION OF
AIR QUALITY

Air Permit Review

Permit Issue Date:

Region: Ashevilie Regional Office
County: Rutherford

NC Facility ID: 8100028

Inspector’s Name: Mike Parkin

Dazate of Last Inspection: 09/18/2008
Compliance Code: C/In Compliance With
Procedural Regr

Facility Data

Applicant (Facility’s Name): Duke Energy Carolinas, LLC - Cliffside Steam
Station

Facility Address:

Duke Energy Carolinas, LLC - Cliffside Steam Station
573 Duake Power Road (SR 1002)

Cliffside, NC =~ 28024

SIC: 4911 / Electric Services
NAICS: 221112/ Fossil Fuel Electric Power Generation

Facility Classification: Before: Title V After: Title V
Fee Classification: Before: Title V After: Title V

Permit Applicability (this application only)

SIP:

NSPS:
NESHAP:

PSD:

PSD Avoeidance:
NC Toxics:
112(r):

Other:

Contact Data

Facility Contact Autherized Contact Technical Contact
Steve Hodges Rick Roper William Horton
Environmental Manager Cliffside Steam | Senior Environmental
Coordmator Station Specialist
{828) 657-2339 (980)373-3226
573 Duke Power Road 573 Duke Power Road 526 South Church Sireet
Mooreshoro NC, 28114 Mooresboro NC, 28114 Charlotte NC, 28202

Application Data

Application Number: 8100028.08B

Date Received: 10/27/2008

Application Type: Modification

Application Schedule: TV-Significant
Existing Permit Data

Existing Permit Number: 04044/T28

Existing Permit Issue Date: 01/29/2008

Existing Permit Expiration Date: 10/31/2008

Review Engineer: Ed Martin

Comments / Recommendations:

Issue 04044/T29

Review Engineer’s Signature: Date: Permit Issue Date:

Permit Expiration Date:

Attachments

1. Unit 6 New Generation Design Basis Coal Specification Parent Coals Table
2. Marshall Unit 4 FGD Clean Air Engineering test report, dated May 29, 2007

3. Alstom letter dated October 14, 2008

I Purpose of Application:

Duke Energy has submitted an application (8100028 08B) to request that its existing permit be amended to require
that Hazardous Air Pollutants (HAPs) emissions from the Unit 6 boiler be less than 25 tons per year and that
emissions of any single HAP be less than 10 tons per vear. Duke has furnished calculations showing the HAP
entissions it projects from Unit 6 and the Division of Air Quality (DAQ) has reviewed those calculations and made
a preliminary assessment of the accuracy of Duke’s calculations as described below. In summary, the DAQ has
tentatively concluded that Duke’s estimate of Unit 6’s potential HAP emissions are accurate.

By definition, actual emissions are always less than potential emissions. The DAQ has calculated expected actual
emissions of HAPs based on the data supplied by Duke and tentatively confirmed that they are expected to be

considerably less than potential emissions.
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Based on this review, the DAQ is proposing to approve Duke’s request and issue a revised air quality permit
containing enforceable permit conditions restricting HAP emissions from Cliffside Unit 6 to less than 10 tons per
vear for any single HAP and less than 25 tons per vear for all HAPs,

This change is a significant permit modification being made in accordance with 15A NCAC 2Q .0501(c)(2).

Permit Changes:

The following changes are proposed to be made to the Duke Energy Carolinas LLC Cliffside Air Permit No.
04044T28:

Caver | -- Amended permit numbers and dates.
51 Part I, Sectron 2.1 1.13 | Added requirement for emissions of hazardous air pollutants (HAPs) from
Unit 6.
Facility Description

See existing Air Quality Permit

Summary of Changes to Emission Sources and Control Devices:
There are no changes to emission sources or contro! devices.
Emission and Regulatory Evaluation

In the application requesting the HAP permit conditions, Duke provided calcuiations indicating that the potential
HAP emissions from Unit 6 are less than 10 tons per year of any single HAP and Iess than 25 tons per year for all
HAPs combined. In addition to reviewing Duke’s calculations for appropriateness and accuracy, the DAQ
calculated expected actual emissions from Cliffside Unit 6 based on assumptions described below to understand
how close their actual emissions would be to their potential emissions.

Duke’s HAP Calculations

Acid Gases (HCl and HF)

Potential estimates of emissions are based on the foreseeable worst-case concentrations (maximum) of chlorides
and fluorides in coal for Cliffside Unit 6 fuel supply. This information is presented in the Unit 6 New Generation
Design Basis Coal Specification Parent Coals table {Aftachment 1). The Parent Coals include all fuel supply
regions that may foreseeably provide coal to Cliffside. These coals may be burned either individually (100% of
fuel) or blended with the other fuels. '

The calculations assume, as an upper bound, that ali of the chioride and flucride will exit the boiler as hydrochloric
acid (HC) or hydrofluoric acid (HF). HCI and HF will be removed by the pollution control equipment, including
the spray dry adsorber (SDA), fabric filter, and wet fuel gas desulfurization system (FGD). This combination of
controls is expected to be highly effective at capture of these acid gases. Capture efficiency used by the applicant
1s based on actual stack test data obtained by Duke’s vendor at a sirnilarly designed FGD system at Duke Energy's
Marghali Station, which reporied 99.9% removal efficiency. (Clean Air Bngineering test report, dated May 29,
2007, Attachment 2) The vendor for the control system for Cliffside Unit 6 reported that the system is expected to
achieve a similar reduction efficiency. (Alstom letter dated October 14, 2008, Attachment 3).

The calculations are based on the following:

Chlorine in Coal: 3209 ppm (maximum of all coals)
- Fluorine in Coal: 177 ppm (maximum of all coals)

Heat Input Rate: 7850 mmBuw/hr

Heat Content of Coal: 12,777 Bru/lh (mean of all coals)

Remeoval Efficiency 99.9%




Annual Capacity Factor  100% {8760 hr/yr)

Uncontrolled HC th/mmBtu = Chlerine Content x 36.5/35.5 HCI/Cl Molar Ratio / Heat Content
= 3209 x 36.5/35.5 /12,777 Btw/ib
= (.2582 Ib/mmBtu

Contrelled HCL lb/mmBtu = Uncontrolled HCl x (1 - Removal Efficiency}
= (.2582 Ib/mmBtu x (1 - 0.999)

= 0.00026 lb/mmBtu

HC1 Hourly Emissions = Controlled HCI Emissions Rate (Ib/mmBtu) x Heat Input Rate (mmBtu/hr)
= (0.00026 Ib/mumBiu x 7850 mmBtu/hr
=2.03 tb/hr

HCI Annual Emissions = HCl Houzly Emissions x 8760 hr/year/2000 b/ton

= 2.03 Ib/hr x 8760 hrfyr / 2000 Ib/ton
= 8.88 fons/yr

Uncontrolled HF Ib/mmBtu = Fluorine Content x 20/19 HF/F Molar Ratio / Heat Content
=177 x (20/19) / 12,777 Btw/1b
= 0.0145 b/mmBtu

Controlied HF Tb/mmBtu = Uncontrolled HF x (1 - Removal Efficiency)
=0.0145 I/mmBta x (1 - 0.999)
= 0.000015 Ib/mmBta

HF Hourly Emissions = Controlled HF Emissions Rate (Ib/mmBtu) x Heat Input Rate (mmBtu/hr)
= (.000015 Ib/mmBta x 7850 mmBtu/hr
=0.114 b/hr

HF Annual Emissions = HF Hourly Emissions x 8760 h/year/2000 Ib/ton

= (.114 To/hr x 8760 hrtyr / 2000 Tb/ton
= .50 tons/yr

Metal HAPs {except mercury and seleniym)

Calculations for non-mercury metal HAPs are based on AP-42 emission factor methodology for metals (AP-42
Section 1.1 Table 1.1-16}, which uses the following equation:

where: E =
C =
A =
PM
agand b =

1

b
'E=ax[£xPM]
A

emissions in 1b/10* Btu

concentration of metal in the coal, parts per mmllion by weight (ppmwt).
weight fraction of ash in the coal. For example, 10% ash is 0.1 ash fraction.
site-specific emission factor for total particulate matter, 1h/10° Btu.
pollutant-specific factors (from AP-42 Section 1.1 Table 1.1-16).

The site-specific particulate factor is based on the current BACT limit for Unit 6 established in the existing permit.
Ash and trace element concentration are based on typical fuel analyses from actual fuel deliveries to Duke Energy
plants in NC and SC, using last 5-year average actual coal constituents. Emissions are calculated at 800 MW and
operation at 8760 hours per year. Note: mercury emissions were based on the current permit mercury limit of
0.019 I»/GWh. Information obtained by DAQ since the issuance of the permit has confirmed that Unit 6 will have
no difficulty meeting this limit. Also, selenium emissions are based on EPRI’s emission factor.

Non-Metal HAPs

Calculations are based on emission factors from AP-42 or from: emission factors from the EPRI Emission Factor
Handbook - 1995, revised 2002. These factors (shown in the application) are used to determine the emissions rate
in pounds per hour. Emissions are calculated by multiplying the emissions factor (pounds per ton of coal} times
the fuel firing rate (maximum coal consumption).

Short Term Emissions Rate {Ib/hr) = Emission Factor (Ib/ton coal) x Fuel Firing Rate (tons/hour).




Tons per Year = Short Term Emissions Rate (Ib/hr) x 8760 hours per year / 2000 Ib/ton.
Example:  Acetaldehyde Emissions

Emission Factor: §.18 E-05 Ib/ton coal
Fuel Firing Rate: 307.2 tons/hr {maximum coal consumption)

Short Term Acetaldehyde Emuissions:  8.25 E-06 Ib/ton x 307.2 tons/hr = 2.51 E-02 Ib/hr
Annual Acetaldehyde Emissions: 2.51 E-02 Ib/hr x 8760 hours per year/2000 b/ton = 0.11 tpy

Tabie 1
Summary of HAP Emissions ~ Duke’s Calculations

TRI Chemical Annual Emissions
(ton/vr)
Acid Gases
Hydrogen Chloride 8.38
Hydrogen Flaoride 0.50
Total Acid Gases 9.38
Metal HAPs
Antimony 6.006
Arsenic 0.089
Beryllium 0.008
Cadmium 0.015
Chromium 0.196
Cobalt 0.050
Lead 0.108
Manganese 0,237
Mercury 0.067
Nickel 0.186
Selenium 1.31
Total Metal HAPs 2.276
Non-Metal HAPs
Acetaldehyde 0.11
Acetophenone 0.04
Acrolein 0.07
Anthracene 0.00
Benzene 0.13
Benzo(g,h,i)perylene 0.00
Benzyl Chloride 0.01
Biphenyl 0.01
Bis(2-ethylhexyl)phthalate 0.12
Bromoform 0.00
Carbon Disulfide 0.04
2-Chlorpacetophenone 0.01
Chlorobenzene 0.01
Chloroform 0.03
Cumene 0.01
Cyanide™* 336
2 4-Dinitrotoluene 0.01
Dimethyl Sulfate 0.06
Ethyi benzene 0,03




Ethyl Chloride (Chloroethane) 0.02
Hthyiene Dichloride 0.05
Ethylene Dibromide 0.00
Formaldehyde 0.69
Hexane .09
Isophorone 0.04
Methyl Bromide (Bromomethane) 0.03
Methyl Chioride (Chloromethane) 0.04
Methyl Ethyl Ketone 0.52
Methy! Hydrazine .23
Methy! Methacrylate 0.04
Methy! tert-butyl ether 0.05
Methylene Chloride 0.12
Naphthalene 0.02
Phenanthrene 0.01
Phenol 0.11
Propionaldehyde 0.07
Styrene 0.02
Tetrachloroethylene 0.01
Toluene 0.06
1,1,}-Trichloroethane 0.03
Vinyl Acetate 0.01
Kylene 0.02
PAC category 0.00
Total Non-Metal HAPs 5.73
Dioxans and Furans

PCDD/PCDF | 0.00000237
Total all HAPS 17.39

DAQ tentatively concurs with Duke’s calculation methodology and its conclusion that Unit 6’s potential HAP
emissions do not exceed 19 tpy for any single HAP and do not exceed 25 tpy for ali HAPs. DAQ will take into
account all comments received as part of the upcoming public process before reaching its final conclusions.

Expected Actual Emissions

As noted above the caleulations of potential emissions are based on worst-case conditions. The DAQ has
tentatively concluded that actual HLAP emissions in this case are likely to be considerably lower than the potential
emission calculations. Because HCl and HF represent a large fraction of the overall HAP emission rate, the DAQ
only estimated expected actual emissions for these pollutants and added the potential emissions for all other HAPs.

Acid Gases (HCI and HF)

DAQ’s imitial estimate of expected (actual) HCE and HF emissions are based on actual average values of chiorine
and fluorine content of the coal, an estimate of the actnal expected annual capacity factor, and the recognition that
the spray dry absorber (SDA), instafled before the FGD system, will remove some of the acid gases. The capture
efficiency Duke nsed in its calculations is based on actual stack test data obtained from the vendor of a similarly
designed FGD system {without SDA) at Duke Energy's Marshall Station, which reported 99.9% removal
efficiency. This was the removal across the FGD, using a series of EPA method 26 sampling trains at the FGD
inlet and stack. For the purposes of this estimate, the DA assumes the effect of the spray dry absorber will be to
remove approximately 50% of the acid gases prior to the FGI); therefore, increasing the total removal efficiency
for acid gases to 99.95%. Assumptions used to calculate expected actual emissions are shown below.

Chiorine in Coal: 1102 ppm (mean of all coals bumed by Duke)
Fluorine in Coal: 94.7 ppm (mean of all coals burned by Duke)
Heat Input Rate: 7850 mmBtu/hr

Heat Content of Coal: 12,777 Bu/1b

Removal Efficiency 99.95%

Estimated Capacity Factor 80%
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Uncontroiled HCI /mmBtu = Chlorine Content x 36.5/35.5 HCI/CI Molar Ratio / Heat Content
= 1102 x 36,5/35.5/ 12,777 Btw/lb
= 0.0887 Ib/mmBiu

Controlled HCH Ib/mmBiu = Uncontroiled HCI x {1 - Removal Efficiency)
= (3.0887 lb/mmBtu x (1 - 0.9995)
= (.0000443 Ib/mmBtu

HCI Hourly Emissions = Controlled HCI Ernissions Rate {(Ib/mmBtu) x Heat Input Rate (mmBtw/hr}
= {.0000443 Tb/mmBtu x 7850 mmBrtu/hr
= {0.348 Ib/hr

HCI Annual Emissions = HCI Hourly Emissions x 8760 hr/year/2000 b/ton x Annual Capacity Factor

= ().348 Ib/hr x 8760 hr/year / 2000 Ib/ton x 0.86
= 1.22 tons/yr

Uncontrolled HF Ib/mmBtu = Flourine Content x 20/19 HE/F Molar Ratio / Heat Content
= 94.7 x (20/19) / 12,777 Btu/lb
= 0.0078 Ib/mmBtu

Controlled HF = Uncontrolied HF x (1 - Removal Effi cwncy)
=0.078 Ib/mmBtu x (1 - 0.9995)
= 0.0000039 Ib/mmBtu

HF Hourly Emissions = Confrolled HF Emissions Rate {{b/mmBtu) x Heat Input Rate (mmBtu/hr)
= 0.0000039 Ib/mmBtu x 7850 mmBtu/hr
= 0.0306 Ib/hr

HF Annual Emissions = HF Hourly Emissions x 8760 hr/year/2000 [b/ten x Annual Capacity Factor

= 0.0306 Ib/hr x 8760 hr/year / 2000 Ib/ton x 0.80
= (.107 tons/yr

Table 2

Summary of Expected Actual HAP Emissions
TRI Chemical Annual Emissions (ten/yr)
Hydrogen Chloride 1.22
Hydrogen Fluoride 0.107
Total Acid Gases 1.327
Totai HAP Metals I 2.276
Total Non-Metal HAPs 1 5.73
PCDD/PCDF i 000000237
Total all HAPS 9.33

Compliance Assurance

As noted above, DAQ has tentatively concluded that Cliffside Unit 6 does not have the potential to exceed the
10725 tpy HAP thresholds. However, because HCI is the HAP with the highest potential emission rate (8.88 tpy
using Duke’s caiculations and 1.22 tpy using DAQ’s calculations) the NCDAQ is proposing to include an annual
stack test requirement in order to confirm HCI removal efficiency is being achieved consistent with the
assumptions used in calculations.

Public Notice

6
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This proposed approval of Duke’s request for 10/25 tpy HAP limitations to be placed in their existing Cliffside
permit will be taken to notice pursuant to rule 15A NCAC 2Q .0307, end a public hearing will be held to take
comruent on the proposed approval of this request,

Other Requirements

PE Seal

The application was sealed Mr. Daniel A. Markley of Duke Energy in accordance with 15A NCAC 2Q 0112
requirements. The PE number for Mr. Markley is 13751. The NCBELS website indicate that the status of his PE
license is “current”.

Zoning :
Not applicable since there is no expansion of the facility.

Fee Clagsification
The facility fee classification before and after this modification will remain as “Title V™,

Increment Tracking
NA

Recommendations

The DAQ proposes approval of Duke’s request subject to public notice and evaluation of all information received
as part of the public process.
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ALSTOM Power, Inc.
1409 Centerpoint Blvd.
Knoxville, Tennessee 37932-1962

REPORT ON FGD FEEDBACK TEST PROGRAM

Performed for:
ALSTOM POWER, INC.
AT THE
UNIT 4 FGD ABBORBER INLET AND STACK
DUKE ENERGY
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171
Revision 0: May 29, 2607

To the best of our knowledge, the data presented in this report are accurate, complete,
error free, legible and representative of the actual emissions during the test program.

Submitted by, ‘ Reviewed by,
TR W@K@YM e @é_\_
Robert A. Preksta Timothy D. Rgdak
Sr. Project Manager Leader, Eastern Enginecring Group
(615) 773-7177 (800) 632-1619 ext. 225
bpreksta@cleanair.com trodak@cleanair.com
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REVISIONMWISTORY i

REPORT ON FGD FEEDBACK TEST PROGRAM

Revision History
Revision No: Date Pages Comments
RO 05/2672007 Al Final version of original document.
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

rrojectoverview [
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 (SOs)
«  hydrogen chloride (HCI)
*  hydrogen fluoride (HF)
*  mercury (Hg)
+  trace metals:

antimony (Sb) fead (Pb)
arsenic {As) manganese (Mn)
barium {Ba) nickel (Ni)
beryllium (Be) phosphorus (P)
cadmium {Cd) selenium (Se)
chromium (Cr) silver (Ag)
cobalt (Co) thallium (T1)
copper (Cu) zine (Zn)

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

D Laslo — ALSTOM Power Inc.
(. English ~ Duke Energy
B. Delatte — Ciean 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: 98004005

ALSTOM POWER, INC.

MARSHALL STEAM STATION CleanAir Project No: 10171
PROJECT OVERVIEW 1-2
Table 1-1:
Schedule of Activities
Run Start
Numher Losation Wethod Analyte Date Time  End Thme
1 Unit 4 FGB Iniat CleanAir Method 88 §02/803 Q327107 11:48 12:48
Unlt 4 EGD Inlet Cleanair Methad 88 $021503 Q32707 15:01 16:01
1 Unk 4 FGD Stack CieanAir Method 8C 502803 0327107 11.48 13:87
2 Unit 4 FGE Stack CleanAir Method 8C 502/803 G3/2T7/07 15:01 16:47
1 Unit 4 FGD Infet USEPA Method 29 Trace Metals 03/27/07 11:48 13:38
4 Linit 4 FGD Inlet USEPA Method 20 Trace Metals 037274107 158:01 16,49
1 nit 4 FGE0 Stack USEPA Method 28 Trace Metals G277 11:48 13:57
2 Lnit 4 FGD Stack USEPA Method 29 Trace Metais Q32747 15.01 16:47
1 Unit 4 FGED Inlst USEPA Method 26 - Glass HGl and HF D3/28/G7 09:35 1411
2 Unit 4 FGD Inlet USEPA Method 28 - Glass HCland HF 02/28/G7 14:59 13:35
3 Unit 4 FGD Inlet USERPA Mathod 26 - Glass HCHand HF (3728007 14:63 1539
4 Unit 4 FGD Infat USEPRA Method 26 - Glass HCland HF Q328407 08:41 117
5 Unit 4 FGD Inlat USEPA Method 26 - Glass HCt and HE 03/28/07 10:581 12:27
6 Unit 4 FGD Inlst USEPA Method 26 - Glass HCE and HF 03420407 12:58 1434
7 Unit 4 FGD Inist USEPA Method 26 - Glass HGland HF a3/30/07 08:26 10:02
3 Unit 4 FGSD Intet LUSEPA Method 26 - Glass HC! and HF Q3/30/07 11:23 12:58
1 Unii 4 FGD Infet USEPA Method 26 - Teflon MCl and HF 03/28/07 08:35 11,114
2 Unii 4 FGD Inlet USEPA Method 26 - Teflon HGCi and HF 03/28/07 11.5@ 13:35
3 Unit 4 FGE) Inlet USEPA Method 26 - Tefion HGiand HF 03/28/07 14:02 15,39
4 Unit 4 FGD Inlet USEPA Mathod 26 - Teflon HCHand HF 0320007 08:41 17
& Unit 4 FGD Intet USEPA Mathod 26 - Taflon HCl ang HF 03/28/07 1081 1227
3 Unit 4 FGD Intet USEPA Method 26 - Taeflon HCl and HF 03/29/07 1258 1434
7 Unit 4 FGD ket USEPA Meathod 26 - Teflon HCl and HF 03/30/07 08:26 10:02
8 Unit 4 FGD Intet USEPA Mathod 26 - Teflon HCland HF B33/30/07 1423 12:59
1 Unit 4 FGD Stack USEFA Method 25 - Glass HC! and HF 03/28/07 09:35 31:11
2 Unit4 FGD Stack LUSEFA Method 25 - Giass HGHand HF 03r28/07 14,69 13:35
3 Unit 4 FGO Stack USEPFA Method 25 - Giass HCl and HF 03/28/07 14:03 15:38
4 Unit 4 FGD Stack USEFA Method 286 - Giass HCT and HF Gar29/07 08:41 16:17
5 Unit 4 FGD Stack USEPA Method 25 - Glass HCE ang BF G3/29/07 1081 12:27
2] Unit4 FED Stack USEPA Method 26 - Glass MOl and HF 03729107 12:58 14:34
7 Unif 4 FGD Stack USEPA Methed 25 - Glass HOl and HF Q3/30/07 08:26 10:02
g Unit 4 FGD Stack USEPA Method 26 - Glass HCI and HF 03/30/07 11:23 12:69
1 Unit 4 FGD Siack USEPRA Method 25 - Tetion HCH and HF Q328407 0935 1141
2 Linit 4 FGE Stack LSEPA Method 26 - Teflon HO and HF 03/28/07 11.59 13.35
3 Unit 4 FGD Stack USEPA Method 286 - Tefien HOland HF 03128707 14:03 1538
-4 nit 4 FGD Stack USEPA Methed 26 - Tefion HCl and HF 03/28/07 og:41 1317
5 Unit 4 FGD Stack USEPA Methed 28 - Teflon HC! ang HF 03/28/07 $0:51 12:27
8 Unit 4 FGD Stack USEPA Method 26 - Teflon HCland HF 03/29/07 12:58 14:34
7 Unit 4 FGD Stack USEPA Method 26 - Teflon HCI and HF 03/30/07 08:26 1302
g Unit 4 FGD Stack LISEPA Method 26 - Teflon HC! and HF 03/30/07 11:23 12:59
Note! FTIR samples colected at FGD Inlet on March 27 and 28 and FGD Stack on March 28 and 30, 2007, 052907 111931
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CIeanAftt

ALSTOM POWER, INC. Client Reference No: 86004005
MARSHALL STEAM STATION CleanAir Project No: 10171
PROJECT OVERVIEW 1-3
Table 1-2:
Summary of Test Results
Source
Method
Constituent FGO Iniet EGL Stack
Unit 4
CleanAir Method 8B/8C
SO {ppmdv @ 3% ) 0.86 0.74
S0, {ppmdyv) 753 38.1
SO, {ppmdv @ 3% Oy) 1,083 48.2
Plant CEMS
S0O; (ppmdv) N 38.0
EPA Mothod 320 - FTIR
S0, (ppmdv) 878 28,6
EPA Method 29
Mercury (b/hr} 1.28E-02 4. 21E-08
Antimony (lb/hr 5.00E-03 1.85E-03
Arsenic {Ib/hr) 5,88E-02 6.30E-03
Barium (b} 1.34E-01 4.92E-03
Beryliium {ib/hr} 1.94E-03 <1 99E-04
Cadium (Ib/hr) 1.49E-03 <9 49E-04
Chromium (o/hr) 2.13E-02 3.29E-03
Colbait db/hry 2.54E-02 <0 33E-04
Copper (b/hr} 2 17E-02 3.28E-03
iead (Ib/h} 1.46E-02 4.58E-03
Manganese {ib/hr) 2.3742 6.92E-03
Nickel (Ib/hr) 2.56E-02 1.81E-02
Phosphorus (bfhr) 1581801 «7.68E-03
Selenium {Ib/hr) 2.26E-01 8.15E-02
Silver db/hr) 4.49E-03 1.84E-03
Thadlium db/hr) <7.86E-04 <7.98E-04
Zine () 2.28E-01 9.47E-02
EPA Method 26 - Glass
HCI (ppmdv @ 3% Os) 0.7 ¢.07
HF {ppmdv @ 3% O} 2.9 <0.01
HCI Reduction Efficiency {% Removal) 988
HF Reduction Efficiency (% Removal) 9.9
EPA Method 26 - Teflon
HCI (ppmdy @ 3% O 583 0.0
" HF (ppemdv @ 3% O 87 <0.01
HCI Reduction Efficiency (% Removal) 96.9
HF Reduction Efficiency (% Removal) 99.9
EPA Method 320 - FTIR
HGI (ppmdv @ 3% Oy 69.1 0.04 : ‘L
HF (ppradv @ 3% Q) 9.9 0.10
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CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
PROJECTOVERVIEW 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 SOj5 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
HFE.

Sulfur Trioxide/Sulfur Dioxide

The concentration of SO: and 8O, 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 methodotogy 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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CleanAir

ALSTOM POWER, INC. Client Reference No: 98004005
MARSHALL STEAM STATION CleanAir Project No: 10171

PROJECT OVERVIEW
DISCUSSION OF TEST PROGRAM {CONTINUED)

Hydrogen Chloride 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 — Tetflon” 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 36.

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
ITIR 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 (SO, NOy, CO; and Moisture) demonstrated the validity of FTIR spectra
data. These comparisons are contained in the resulis section of this test report.

*CleanAir operated the reference method CEMS using the exhaust stream of the F“i'IR as & QA/QQC 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
Tabie 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.) 11:48 186:01
Stop Time (approx.} . 12:48 16:01
Process Conditions
Fa Oxygen-based F-factor {dsc/MMBIU) 9,780 9,780
Fe Carben dindde-based F-factor (dscifMMBIL) 1,800 1,800
Gas Conditions
0z Oxygen (dry volume %) 8.4 8.0 8.2
CO, Carbon dioxide (dry volume %) 10.8 1.2 16.3
T Sample temperature {°F) 259 261 260
B,  Actual water vapor in gas (% by volume) 741 6.63 7.02
Gas Fiow Rate'
Qe Volumetric flow rate, actual (acfim) 2,239,913 2,203,593 2,221,753
Qy Volumetric flow rate, standard (scfrm) 1,626,462 1,504 475 1,810,468
Qgq  Volumetric flow rate, dry standard (dscfm} 1.505,880 1,488,716 1,497,298
Sulfuric Acid Vapor (S03) Results
Cew 803 Concentration {ppmdv} 0.50 0.72 6.61
Cser 503 Concentration @3% 02 (ppmdv} 0.72 1.00 0.86
Csoz  SO3 Concentration @12% CO2 (ppmdy) 0.57 Q.77 0.67
Eme  SO3 Rate (b} 944 13.3 1.4
Ewgne  SO3 Raté {kg/hr) 4.28 5.05 517
Eps  SO3 Rate - Fd-based (b/MMBtu) 0.0017 4.0024 0.06020
Ere 503 Rate - Fe-based (b/MMB) o008 0.0024 0.0021
Suffur Dioxide {SO2} Results
Csa 502 Concentrafion (ppmav) 634 ar2 753
Csar 302 Concentration @3% 02 (ppmdv) 811 1215 163
Ceusz  SOZ Cancentration @12% CO2 (ppmdv) 721 G935 828
Epme  SO2 Rate (lohr) 8,521 12,851 11,236
Egme 502 Rate (kgihr) 4,318 5,873 6,096
Erg 502 Rale - Fd-based (Ib/MMBLY) 1.73 2.30 202
Er,  S02 Rate - Fe-based (b/MVVBLL) 1.80 2.33 2.06
Y Volumetric fiow rates cbtained from EPA Method 28 sampling train. o52607 191833




CleanAir

ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171
RESULTS 2.2
Table 2.2:
Unit 4 FGD Stack — CleanAir Method 8C — Runs 1-2
Run No. 1 2 Average
Date {2007) War 27 Mar 27
Start Time (approx.) 11:48 15:01
Stop Time (approx.} 13:87 16:47
Process Conditions ‘
Fy Oxygen-based F-facter {dscfiMMB1u) 8,780 8,780
Fe Carbon dicxide-based F-factor {dscfMMBtu) 1,800 1,800
Gas Conditions
Qs COnygen (dry volume %) 6.7 8.9 6.8
GO, Carbon dioxide {cry volume %) 12.3 12.0 12.2
1s Sample temperature {*F} 125 125 125
By Actual water vaporin gas {% by volume) 12.82 12.89 12.86
(as Flow Rate’
Qs Volumetric flow rate; actualt (acfm) 2,181,522 2,157,788 2,169,654
0 Volumetric flow rate, standard (scfm) 1,851,831 1,830,456 1,941,144
Qg Volumetric fiow rate, dry standard {dscfm) 1,701,608 1,681,809 1,691,608
Sulfuric Acid Vapor (§03) Results
G 803 Concentration (pomadv) 0.53 0.63 B.58
Cear 8O3 Concentration @3% 02 {ppmdv} 086 6.81 0.74
C.1z 503 Concentration {12% 02 (ppmdv) 0.52 0.63 0.57
Epn  SO3 Rats (fihr) itz 133 123
Ewgre SO3 Rafe (ka/hr) 509 6.03 5.56
Ere  S03 Rate - Fd-based {IbMMB1u} 20016 G.0019 o.ca1y
Ere 802 Rate - Fo-based (Ib/MMBLY) GO0 £.0020 0.0018
RE  Reduction Efficiency (% Removaly” 7.98% 19.2% 13.6%
Sulfur Dioxide (S02) Results
Csa S02 Concentration (ppmav) : 38,2 35.2 381
Csr  S02 Concantration @3% 02 {ppmdy) 4%.3 47.1 48,2
Ceatz  SO2 Concentration @12% CO2 (ppmdv) 38.3 36.9 37.6
Epme 8502 Rate (b/ho 865 6189 842
Eigre  S02 Rate (kghr) 302 281 21
Erg 802 Rate - Fd-based (lMMBiu) 0.094 0,089 0.091
Er¢ 502 Rate - Fe-basged (Ib/MMBIL} 0.085 0.092 0.024
RE  Reduction Efficiency (% Removaf)® 94.6% 96.1% 95.4%
Y Voluma tric flow ratés obtalned from EPA Mathod 29 sampling frain, o o ' 052867 111838
? Reduction efficiency determined veing ppm @ 3% O,
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 86004005
CleanAir Project No: 10171

2-3

Tabie 2-3:
Unit 4 FGD Inlet - Method 29 (Hg) — Runs 1-2
Run No. 4 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.} 14:48 1501
Stop Time (approx.} 13:36 16:48
Gas CondHions
O Oxygen (dry volume %) 8.4 8.0 8.2
GOz  Carbon dioxide (dry valume %) 10.5 11,2 6.9
Ts Sampis temperature (°F) 259 261 280
B, Actual water vapor in gas {% by volume) 7.41 6.63 7.02
Gas Flow Rate
Q,  Yolumetric flow rate, actual {acfm) 2,239,913 2.203,593 2,221,753
Q. WVolumetic flow rate, standard {scfm) {626,462 1,594,475 1,610,469
Qug  Volumetdc flow rate, dry standard (dscfm) 1,505,880 1,488,718 1,497,298
Mercury Results - Total
Cw  Concentration (Ib/dsch) f41E-10 1.445-10 1.42E-10
Ga Concentration (Itfach @.48E-11 9. 73811 9.60E-11
Ces  Concentration {pg/dscm} 2.25E+00 2.31E+00 2.28E+00
G,y Concentration @3% O, (ugidscm) 3.24E+00 3.21E+00 3.22E+00
C.¢  Cencentration {mg/dscm) 2.23E-03 2.318-03 2.28E.03
Css  Concentration (pg/im® dry) 2, 42E+00 2.48E+00 2.45E+00
Epmr  Rate (b 1.27E-02 1.29E-02 1.2BE-Q2
Ey.  Rate (gis) 1.608-03 162E-03 1.61E-03
Q62807 111309
NM@aM
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Unit 4 FGD Inlet — Method 29 (Sh, As, Ba, Be} - Runs 1.2

Table 2-4:

Client Reference No: 96004005
CleanAir Project No: 10171

2.4

Run No.

Date (2007)
Start Time {approx.)
Siep Time (approx,)

Gas Conditions
(¢ Oxygan {dry volume %)
CO, Carbon dioxide {dry volume %)
Ty Sample temperature (°F)
By  Actual water vapor in gas (% by volume}

Gas Fiow Rate
Q, Veolumelsdc fiow rate, actual {acfm)
[#3 Volumetric flow rate, standard (scin}
Qe Volumstric flow rate, dry standard (dscim)

Antimony Results - Total
Gy Concentration (ib/dact}
Ca Concentration (ibfacly
Co Concentration {ugidscm}
C.ar Concentration @3% O, {ugfdscm)
GC,e  Concentration {mgidscm)
G Concentration fgMNm® dry)
Epe  Rate (Ib/hr)
Ey  Rate {g/s)

Arsenic Resuits - Total
G,y Concentration ({b/dscfy
C, Concentration (Ib/acf)
Cis  Concentration (ugrdscm)
C.y  Concenfration @3% O, (pg/dscrm)
Cie  Goncentration {mg/dscm)
. Concentration (ug:'Nn'la dry)
Enme  Rate (lb/hn)
£y Rate (gfs)

Bariumn Resuits - Total
G Concentration {ib/dscf)
o Concentration {fbfacf)
C.y  Concentration {ug/dseny)
C.y Concentration @3% G, (ugidsom)
Cy  Concentration {ing/dscm}
Cu  Concentrafion {ppm? dry}
Epme Rate {(Ib/hr)
Ey.  Rate {g/s)

Beryllium Resuits - Total
Cee  Concenirafion (ib/dscf}
¢, Concentrafion (Ibfach)
Csq  Concentration (ug/gsem)
Gy Concentration @3% O; (ugidsem)
Cy¢  Concentration fmg/dscm}
Cu  Concentraton {ug/Nm® dry}
Epme  Rate (lo/hr)
Egs  Rate (gis)

1

Mar 27
11:48
13:36

8.4
10.8
259
741

2,239,913
1,626,462
1,505,380

8.18E~11
5.50E-11
1.31E+00
1.88E+00
1.31E-883
1.41E+G0
~7.38E-03
93104

6.88E-10
4.62E-10
1.10E+01
1.58E+0%
1.10E-02
1. 18E4+D
B8.21E-02
T.83E-03

1.60E-09
1.08E-~09
2.87E+01
3.64E+01
2.87E-02
2.76E+H01
1 48E-01
1.83E-02

2,30E5-11
1.548-11
3.68E-51
52001
3.60E-04
3.95E-01
2.08E-03
2.52E-04

2

Mar 27
18:01
16:49

8.0
11.2
281
6.83

2,203,593
1,584,475
1,488,716

2.81E-11
1.876-11
486501
6.49E-01
4.66E-04
5.008.01
2.60E-03
3.278-04

6.16E-10
4.16E-10
9.87E+00
1.37E#01
9.87E-03
1.08E+01
&.50E-02
5.93E-02

1.38E-09
9.3CE-10
2.20E+01
3.07E+01
2.20E-02
2388301
1.236-01
1.558-02

292811
1.37E-11
3.24E-01
4 51501
3.24E-04
3.488-01

1.81E-03% -

2.288-04

Average

8.2
10.9
280
.02

2,221,753
1,610,469
1,497,298

5.56E-11¢
3.73E-11
8.88E-01
1268100
8.B8E-04
9.53E-01
5.00E.03
6.28E-04

6.52E.10
4.38E-10
1.04E+01
1.45E+04
1.04E-02
t1ZE+H
5.BGE-02
738803

1AIE-DY
1.00E-08
239E+01
3.38E+01
2.39E-02
2.56E+01
1.34E-01
1.88E-92

2.165E-H
1.45E-11
3.45E-01
4.90E-1
IAGE.04
3.T1E-01
1.948-03
2.458-04
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CleanAir

ALSTOM POWER, INC.

Client Reference No: 96004005

MARSHALL STEAM STATION CleanAir Project No: 10171
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
Star Time (agprox.} 11:48 15:01
Siop Time {approx.} 13:36 18:49
Gas Condliions
Qy Cuypen {¢ry volume %) 84 80 8.2
CQy  Carbon dloxide (dry volume %) 0.8 11.2 0.9
Ts Sample temperature {°F) 289 281 260
By Actual water vapor in gas (% by volume} 7.41 8.83 7402
Gas Flow Rate
Q, Veluristrie flow rate, actua) (acim) 2,239.812 2,203,593 2,221,753
Qs Volurnetric flow rate, standard {scfm} 1,826 462 1,594 475 1,610,488
Qe Volumetric flow rate, dry standard {dscfm) 1,505,880 1,488,718 1,497,288
Cadmium Results - Total
Csg  Goncentration (Ib/dschy 1.74E-11 1.58E-11 1.66E-11
C,  Concenfration {ib/ach) 1.$7E-11 1LO7E-11 1.12E-11
Ce  Concentration (pg/dscm) 27801 2.54E-01 2.86E-01
Gz Concentration @3% O, {ugidscm) 3.99E-01 3.54E-01 3.77E-01
C,e  Concentration {mg/dsem) 2.78E-04 2.54E-04 2.66E-04
Co  Concentration (ug/Nm® dry) 2.98E-01 2,738 2.86E-01
Egne  Rate (lofhy) 157803 142E-03 1.49E-02
Eg  Rate {gls) 1.98E-04 1.79E-04 1.888-04
Chromium Results - Total
Css  Concentration (th/dsch) 243610 2.31E~10 2,37E-10
C,  Coneentration {Ibfacf) 1.62E-10 1.56E-10 1.60E.10
Cyd  Concentration (ug/dscm) 3.89E+H00 3.T0EHO0 3.7IEHOD
Cip  Concentration @3% Oy (pgfdscrm) 5.58E400 5.15E+00 5.37E+00
Cer  Concentration (mgfdscm} 3.88E-03 3.T0E-03 3.T9E-03
Coe  Concentration (ua/Nm® dry) 4 {TE+00 - 3.H7E+O0 4.07E+00
Epne Rate (Ibhry 249602 2.06E-02 2.13E-02
Ege  Rate (s} 2.76E-03 2.80E-03 2.88E-03
Cobalt Results - Total
Ce  Concentration {ib/dsch) 9, 14E-11 4.76E-10 2.83E-10
Ca Cancentration {Ib/ac 6.14E-11 3.21E-10 1.918-10
Cwt  Concentration {ugfdsem) 1.46E+00 THIEHOD A B4E+00
C.y Concentration @3% O (ug/dscm) 2.10E+00 1.06E401 6.35E+00
Cee  Concentration {mg/dscm) 1.46E-03 761803 454803
Cu Comecentration {uo/Nm® dry) 1.57E+Q0 B.1TEHO 4 87E+QD
Epne  Rate (o) 8 2BE-03 4 35E-02 2.54E.02
Fus  Rate fg/s) T.04E-03 5.36E-03 - 319803
Copper Resulls - Total
Gsa  Gonzentration (jb/dach) 2. 76E-10G 206610 241E-10
Ca Concentration {Ibfacf} 1,88E-10 1.398-10 1.62E-10
Cq  Concentration (ugfdsem) 4 43E+00 3.26E+00 3.88E+00
C.y Concenfration @3% Oy (pgfdscm) 6.35E+00 4.59E+00 5.A7E+Q0
Cw  Concentration (mg/dscm) 4.43E-03 3.28E-03 3.86E-03
Cia  Concentration {pgfim® dry) 4,75E+00 3.54E+00 4. 14E+00
B Rate (0o} 250802 1.84E-62 24TEQ2
Fys  Rate {gfs} 2.158-03 2.31E-03 2.Y3EG3
w280 11143
NH@ S
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

2-6
Table 2-6:
Unit 4 FGD Inlet — Method 29 {Pb, Mn, Ni, P) -~ Runs 1-2
Run No. 4 2 Average
Date {2007) Mar 27 Mar 27
Start Time (approx.) 11:48 15:01
Stop Time (zpprox.} 13:36 18:49
Gas Conditions
Gy Oxygen {dry volume %) 84 8.G 8.2
G0,  Carbon diexide {dry wolume %) 10,5 11.2 16,9
1. Sarnple temperature {°F) 289 251 260
Bw  Actual water vapor in gas (% by velume) 741 6.63 702
Gas Flow Rate
Qs Velumnetric flow rate, actual (achn) 2238313 2,203,593 2,221,783
Qq Volumetric flow rate, standzrd {sefm) 1,626,482 1,594,475 1,510,468
Quz  Volumetric flow rate, dry standard { dscfm) 1,505 888 1,488,716 1,497,298
Lead Resuits - Total
G Concentration {ihidsch 1.838-10 1.42E-10 LBIE-1H
C. Concentration (h/acl) 1.238-10 9.63E-11 1105-10
Ty Concentration {ug/dscm) 2.82E+0D 2.28E400 2 80E+00
C.p  Contentration @3% O (Malidsem) £ 20E+00 LA8EHD 3.69E+QD
Csa  Concentration {mg/dsem) 292E-03 2.28E-03 2.60E-03
Csa  Concentration {jghim® gy} 3.14E400 2. 45E400 2 15E+00
Ewme Rate (lb/hr) 1.B5E-02 1.276-03 1.46E-02
Eg:  Rate (gfs) 2,.08E-03 1,B0E-03 1.84E-03
Manganese Resuits - Total
Cgs  Concentration (Ib/dsct) 3.38E-10 ADIE-10 3ABE-10
Ca  Conceptration (Ib/ach 2.27E-10 2.04E-10 2.45E-10
Cut  Concentration {ugfdsem? 5.40E+00 4.83E+00 BAZE+OD
Cur  Concentration @3% O, (Ugfdscm) 7.T6E+00 B.72E+00 T.24E+00
C.e  Goncentration (mgidecm) 5A40E-03 4.836-03 5.1Z8-03
Cs  Concentration fug/m’ dry) 5,808 +00 E,18E+00 5.43E+00
Epme  Rate (10/hr) 3.05E-02 2.69E-02 2.87E-02
S Rale (o/s) 3B4E-05 3.39E-03 3.52E-03
Nickel Results - Total
Cey  Concentration (Hb/dscl} 3.38E-10 230510 2.84E-10
Ca  Longentration (lafach 22710 1.56E-10 1.91E-10
Csa  Concentration {ug/dscm) 5.41E+00 3.69E400 4.658+00
Cor  Coneentration @3% O, {ugidsem; TITELG0 5.13E+00 5 48E+I0
Ca  Concentration {maidsem} EAIB-53 3.689E-03 4.55E-03
Cie  Concentration (pg/Nm’ dry} 5.81E400 3D6EHIC 4,88E40D
Exne  Rate (b/hr) 3.G5E-02 2.08E-02 2.56E.02
Ex  Rate (gfs) 3.B5E-03 2.55E-03 3.22E-03
Phosphorus Results - Total
Cua  Concentration {bfdsch 1.73E-0% 1.63£-09 1.68E-03
Cu Concentration (Ib/act) 1.17E-09 1.10E-09 1.14E-09
C.y  Concentration {ugidscm) 27BE+01 2.62E+0% 2.70E+01
Cwyy  Concentration @3% O; (pg/dscm) 3005401 3.845+0% 3.82E+01
Cse  Concentration {mg/dscm) 2.78E-02 2.62E-02 2.70E-02
Cse  Concentration (ug/Nm® deyvy 2.98E+01 2B1E0T 2.BEE+01
Epae  Rate (fofhn) 151801 1.488-01 1ETE01
Ey:  Raie (g/s) 1.976-02 1.848-02 1.51E-02

Revision 0

Q52807 1131845
WM g g




CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

2-7
Table 2-7:
Unit 4 FGD inlet - Method 29 (Se, Ag, Tl, Zn} - Runsg 1-2
Run No. 1 2 Average
Date (2007) Mar 27 Mar 27
Start Time (approx.) 11:48 18:01
Stop Time (approx.} 13:38 16:49
Gas Conditions
Oz Oxygen (dry volume %) 84 8.0 8.2
S0y Carbon dioxide (dry volume %) 108 1.2 0.9
Ts Sample temperature (°F) 255 251 263
B,  Actual water vapor In gas {% by volume} LK 663 7.02
Gas Flow Rate
Q. Vefumetric flow rate, actual {(acfm) 2,239,912 2,203,593 2,221,753
Q. Votumetric flow rale, standard (scfm) 1,626,462 1,594,475 1,610,469
Que  Volumetric flow rate, dry standard (dacfm) 1,505,880 1488,718 1,497,298
Selenium Results - Total
G Concentration (ib/csct) 2.58E-09 2 4BE-09 2.52E.09
Ca Congentration {Iblacf) 1.72E-09 1.867E-09 1.70E-09
C.a  Concentration {pgidscm) 4. 108+014 3.97E+01 4.04E+01
Coyr  Concentration @3% O {ugldscm) 5,88E+01 5 52E+01 5. 118+04
Csa  Concentration (mgidscm) 4.10E-02 3.87E-02 4.04E-02
Cos  Concentration {ug/Nm”® dry) 4 40E+01 4.26E+01 4338401
Epne  Rate (lo/h) 232801 2.21E01 2.26E-01
Eys  Rate (gfs) 292802 2.78E02 2.85E-02
Silver Results - Total
Cse  Concentration (Ikvdsef) 8.982-11 4.028-114 4.89E-11
C, Concentration (b/acf) 4.01E-11 2.72E-11 3.36E.11
Cyy  Concentration (ug/dscm) 9.55E-01 6,44E-01 7.99E-01
C.y  Concenlration @3% Oy (Wu/dsem) 1.37E+00 8,95E-01 +1.13E+00
C.s  Concentration (mgidscm) 8.55E-04 6.44E.04 7.99E.04
Cis  Concentration (ug/Nm® dry) 1.02E+00 5.91E-01 £.58E-01
Eere  Rate (b 5.3BE-03 3.59E-03 4,49E-03
Eg  Rate (afs) 6.78E-04 4 52804 5. 65E-04
Thatlium Results - Total
Cqy  Concenfration (Ihidsef) <8 70612 <8 BOE-12 <3.75%-12
Cs  Concsniration (Iblacf) <5 85E-12 <5 Y5E-12 <E.80E-12
Csy  Concentratlon (pgfdsem) <% 3901 <t 41 E-01 <1 45801
C.qz Concentration @3% O, {ug/dscm) <7 agE-01 <1.96E-07 <1.3§E-01
C.x  Goneentration {mgldscm) < B9E-04 <1.418-04 < AE-G4
Gt Concentration (ug/Nm® dry} <1 S0E-01  <1.51E-01 <1 5OE-01
Epne  Rate (bt <7 SBE-14 <7 86E-04 <7 .86E-G4
Eys  Rate {gis) <§B1E-05 <B.91E-05 <3.81E-05
Zine Resulis - Total
Cw  Concentration (Ib/dscfy Z2.44E-08 260E-02 2.52E-08%
Ca Concentration {ib/ach 1.84E-D9 1.76E-03 1.T0E-09
C.y  Concentration (Mglfdsem) 3.91E+01 4,16E+01 4.03E+01
C.iz Concentration @3% O, (pg/dscm) S.H1E+01 5.79E+01 5.70E+01
C.s  Concentration {ma/dsem) 391E-02 4,16E-02 4.03E-D2
Cw  Concentration {ugMm® dry) 418E+0 4 ATE+O] 4.33E+01
Epne Rate (bihn) 2.20E-61 2.32E-01 2.26E-01
Egn  Rate (gfs) 2.78E-02 2.92E-02 2.35E-02
DSZB07 411647
NG @M
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

Tabhle 2.8;
Unit 4 FGD Stack ~ Method 29 {(Hg) ~ Runs 1-2
Run No. 4 2 Average
Date (2007) Mar 27 May 27
Start Time {(approx.} 11:48 15:01
Stop Time (approx.} 13:57 16:47
Gas Conditiens
Gy Oxygen (dry volume %) T4 8.2 7.8
GOy Carbon dioxide (dry volume %) 1.7 11.0 1.3
T Sample temperature (°F) 125 125 125
B,  Actual water vapor in gas (% by volume) 12.82 12.89 12.86
Gas Flow Rate
Q, Volumetric flow rate, actual (acfm) 2,181,822 2,157,786 2,168,654
Qe Volumetric flow rate, standard (scfm) 1,851,831 1,930,458 1,941,144
Qua  Volurastre flow rate, dry standard {dschim) +.701,608 1,681,808 1,621,608
Mercury Results - Total
Csa  Congentration fib/dsch) 3.87E-11 4.32E-11 4.15E.11
C.  Concentration {blacf) 3.f0E-11 3.37E-14 323811 )
Cea  Concentration {pgidsom) 5.36E-01 6.92E-01 B.64E-01 |
Coy  Concentration @3% O, (ugidsem) 8.42E-0% 9.73E-04 $.088-01 :
G Concentration {moldscm) 6.36E-04 6.92E-04 6.64E-04
Cut  Concentration (pg/Nm? dry) 5.83E-01 7.426-01 7.13E-01
Epne  Rate {ib/hr) 4,05E-03 4.36E-03 4.21E.02
Eg  Rate (g/s) 5.41E-04 5.49E-04 5.30E.04
Q52007 11165¢
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ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 86004005
CleanAir Project No: 10171

2-9
Tabhle 2.9:
Unit 4 FGD Stack - Method 29 (8b, As, Ba, Be) — Runs -2
Run No. 1 2 Average
Bale (2007) Mar 27 Mar 27
Start Time {(approx.) 1148 15:.01
Stop Time (approk.} 1357 16:47
Gas Conditions
D Oxygen (dry volume %) 7.4 8.2 1.8
GO, Carbon dioxide {dry volurme %) 11.7 1.0 11.3
Te Sample temperature {°F) 125 128 128
By Actual water vapor in gas (% by volume) 12.82 12.89 {2.86
Gas Flow Rate
Qq Volumetric flow rate, actual (acfrm) 2,181,522 2,157,786 2,169,654
Qs Volurnetric flow rate, standard {s<fm) 1,551,831 1,930,458 1,541,144
Que  Volumetde flow rate, dry standard {dscfm) 1,701,808 1,681,608 1,691,608
Antiimony Results - Total
Cse  Concentration ({b/dsch) 2.3E-11 1.53E-11 +.92E-41
Ca Concentration (b/ach) 1.80E-11 1.$98-11 TA49E-11
Cw Concentration {ug/dscm) 3.895-01 2.448-01 J0TE-91
Cor  Concentration @7% O, (ug/dsem) 3.60E-01 287E-01 3.23E-01
T Concentration (mg/dsermn) 3.60E-04 244E-04 A0TE-04
Ce  Conoentration {g/Nm® dry) 3.88E-01 282E-01 329801
Eps  Rate (o/hn 2.85E-03 1.54E-03 1.96E-03
Egxe  Rate (g/s) 2.97E-04 1.94E-04 245E-04
Arsenic Resulis - Total
Cw  Concesntration (Ibidscf) &.08E-11 B.34E-11 B8.21E~11
Cy Concentration (hfacf) 4.74E-11 4 $4E8-11 4.848-11
Cs«  Concentration {ug/dscr; 9.73E-01 1.02E+D0 9.94E-01
Ceqy  Concentration @7% O; (Hafdsem) 1.00E+0D 1.14E+00 1.05E+00
Cw  Concentration (mg/dscm) 9.73E-04 1.G2E-03 9.84E-04
Cat  Concentration (ug/Nm® dry) 1.64E+00 1.08E+00 1.07E+00
Ewm:  Rate (to/he} 8.21E-03 5.40E-03 6.308-03
Egn  Rate (grs) 7.62E-04 B.06E-04 7.84%-04
Barium Regults - Total
C.  Concentration (tb/dscf) 542611 4.28E-11 4. 86811
C, Gongentration (Ib/asfy 422611 3.34E-11 37881
Cee  Concentration (pgidsem) 8,87E-01 6.86E-01 7.76E-01
Cyer  Conecentration @7% O, {ugldscm) 8.926-01 7.48E-G1 8.20E-01
Csq Concentration (mg/dserm) BGVE-04 £,85E-04 7.76E-04
Csa  Concenteation fug/Nm® dry) 9.31E-01 7.36E-01 8.23E-01
Ewme  Rate (i/hr) 5.53E-03 4,32E-03 4.926-03
£y Rale {gis) 6.97E-04 5.44E-04 §.20E-04
Berylliem Results - Total
Cuw  Concentration (ib/dscf) <7 95812 <{.98E-12 <1, 9GE.12
Ca Congentration fbfact) <1 B2E-1Z <LBIE-1R
Tse  Concemtration (pgidscem) <3 12E-02 <3 1TE-02 <3.158-02
Caar  Concentration @7 % O {ig/dscm) w3 202 <348E-02 <3, 34502
T Concentration (mgidsom) <3 47E-CE <3 ATE-DE <3 18808
Cos  Congentration (ugANm® dry) “3.35E-02 <3.4%E-02 <3,388-02
Epns  Rate (Ib/h) <1 9RE-04 <2 B0E-04 <1.89E-G4
Eys  Rate (g/s) <2 51E-05  <2.528-08 <2.315-45
952567 111861
acgeq
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Cleaniir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Unit 4 FGD Stack — Method 28 (Cd, Cr, Co, Cu) — Runs 1-2

Client Reference No: 96004005
CleanAir Project No: 10171

Run No.

Date (2007}

Start Time (approx.}

Stop Time (apprax.)

Gas Conditions
Oz Oxygen (dry volume %)
CQ; Carbon dicxide (dry volume %3
Ts Sample temperature (°F)

B  Actual water vapor in gas (% by volume)

Gas Fiow Rate
Q. Volurnelric flow rate, actual (acfm)
Qe Volumetric flow rate, standard (scfm)

Qe Volumetric flow rate, dry standard (dscfm}

Cadmium Results - Total
Csa  Concentration {ibidseh
[+ Concentration {Ib/acd)
Csy  Cencentration {pgfdsem)
Caqr  Coneentration @3% O, (pgldsem)
Cs¢  Concentration (mgrdsem)
Cs  Concentratfen {pg/Nm? dry)
Ewme  Rate (ibfhr)
By Rale {gfs)

Ghromium Resuits - Total
Csz  Concentration (Ib/dsct)
G, Concentration {Ib/ach)
Cia  Concentration (pglcsem)
Ceyr  Concentration @3% O {pgidsemy)
Cex  Concentralion (mp/dsem)
Cu  Concentration (ug/Nm® dry)
Epme  Rate (Ib/hr)
Ege  Rate (g/s)

Cobalt Results - Total
Cw  Concentration (fb/dscf}
Ca  Concentration (1ofach)
G Concentration {ygfdscrmy
Cusr  Concentration @3% Oy (pg/dscm)
Cw  Concentration (mofdscm)
Cie  Concentration (ug/Nm® dry)
Epor  Rate {io/hn)
Eg:  Rate (g/s)

Copper Resuls « Total
Ciw  Concentration {lofdsef)
C,  Concentration (Ibfach)
Ceq  Concentration fuoldsomy
G Conceniration @3% Oy (ug/dscm)
Cw  Concentration (mgidsem)
Css  Concentration {pg/Nm® dry)
Ewme  Rate (Jbfhr)
Eys  Rate {g/s)

Revision {

2-10
Table 2-10:
1 2 Average
Mar 27 Mar 27
11:48 15:01
13:57 18:47
7.4 a2 7.8
11.7 o 1.3
125 125 125
12.82 12.89 “12.88
2,181,522 2,357,786 2,168,654
1,851.831 1.930,456 4,941,144
1,701,608 1,881,509 1,891,608
1.08E-11 <H.348.42
B39E-12 <7 28817
1728 <1.80E-41
177E-1 . } <1.58E.41
1.72E-04 <1.27E-04 <1.69E.04
1.85E-01 «<1.368 -0 «4 &1E-01
1.10E-03 =§.005 -4 <R ADE-04
1.38E-04 <1 QtE-Od <{.Z0E-D4
3.19E-11 3.28E-11 3.HE. M
24381 2.58E-11 2.538-11
£.12E-01 B.27E-01 519E-0
5.28E-01 515601 5.51E-01
542E-04 527504 B19E-04
£.49E-01 5.88E-01 557E.01
3.26E-03 3.32E-03 3.29E-03
4.11E-04 4 185-04 4,15E.04
1.04E-11 <7.Q3E-12 <B.18E-12
814812 <6.18E-12 <7.16E-12
1.67E-01 <t ATE01
1.72E-11 <3 5BE-01
1.67E-04 <fA7EO4
1.1aE-01 <3 BRE-O1
1.07E-03 <l O0E-3d <9.338.04
1.24E-04 «1.01E-34 <{.18E-p4
4.10E~11 2.35E-11 323B.11
320611 18311 2.528.11
£.57E-01 . 3.78E-01 SATE.GE
B.75E-01 £ 11E-01 5.43E-01
B.57E-04 3.76E-04 8 ATE-4
7.08E-D1 4.B4E-01 5.84E.D%
4. 19E-03 237803 3.288.03
5.28E-04 2.98E-64 4.13E-04
52997 111953
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CleanAir

ALSTOM POWER, INC.

Client Reference No: 86004005

MARSHALL STEAM STATION CleanAir Project No: 10171
2-11
Table 2-11:
Unit 4 FGD Stack — Method 23 (Pb, Mn, Ni, P) — Runs 1-2

Run Na, H 2 Average

Date (2607) Mar 27 Mar 27

Start Time {approx.) 11:48 1501

Stop Time {approx.) 13:57 1647

Gas Conditlons
Oy Oxygen (dry volume %) 7.4 8.2 78
CO,  Carbon dioxide {dry volurne %) w7 110 1.3
Te Sample temperature (°F) 125 128 128
By Actual water vapor in gas (% by volume) 12,82 12.88 12.88

Gas Flow Rate
Qs Volumetric flow rate, actual (acfm) 2,181,522 2,157,785 2,168,654
Qs Volumetric flow rale, standard {scfm) 1,951,831 1,830,456 1,941,144
U Volumebic flow rate, dry standard {dscfm) 1,701,608 1.681,600 1,691,668

Lead Results - Total
Css  Concentration ¢Ib/dsaf) 4.90E-11 4.18E-1% 452811
Cs Concentration (Jb/ach) 3.82E-11 Z23E-11 3.53E-11
Cu  Concentration {pa/dscm) 7.84E-01 5.865E-01 7.24E-01
C.y Concentration @3% QO {pg/dscm) 8,06E-t1 725801 T.85E-01
Gyt Concentration (mgidsem} 7.84E.04 6.65%-04 T.24E-04
L Concenlration {ug/Nm® dry) 8.42E-01 713801 T.77TE-01
Egm  Rate {bhr) §.00E-03 418503 4.59E-03
Ege  Rats fg/s) 8.30E-04 B,276~04 5.79E-04

Manganese Results - Tetal
Cee  Concentration (Ibidscl) S, 78E-11 383811 6.80E-11
Ca  Concentration (isfach) 7.628-11 288811 5,30E-11
Csa  Cancentration (Mgidsem) 1.56E+00 5.13E-01 1.08E+D0
Cur  Coneentration @3% O, (ug/dsem) 1.861E+00 8.69E-1 1.14E+00
Css  Concentration {mgldsemn) 1.56E-03 B.13E-04 1. 08E-03
G Concentration fugiNm’® dry} 1.68E+00 6,585-01 1ATE+00
Ewn  Rate (Ibhr) 9.97E-03 3.66E-03 B5.92E.03
Ey  Rate (gis) 1.26E-03 487804 B.71E-B4

Nickel Rasuits - Tatal
G Concendration (lb/dsef) 2ATE-10 1.10E-10 1. 7810
C.  Concentration (Infach) 1.935-10 B.EEE-T1 1.39E-10
Gy Concentration {poidscm) 2.86EV00 1768400 2.88E+00
Cur  Coneeniration @3% O, (ugfdscm) 407E+00 1.92E+0D 2. 98E+00
Ci  Coneentration {mg/dscm) 3.9BE-03 1.765-03 2.86E-03
G Concentration (ug/Nm? dry) 4.24E+00 1.89E+60 3.07E+00
Ejpme  Raie (lofhr) 2.52E-02 1.11E-02 1.81E.02
Egs  Rate (g/5) JA8E-03 1.39E-03 2.29E-03

Phosphorus Results - Total
Cq  Coneentration (ib/dsct) «7 78E-11 <7 92E.11 <T.BBE~11
Ca  Concentration {ib/fact) <6 08E.11 <6.188.11 <B,135-11
G Concentration (po/dsern) <1 258400 «.Z7E400 <. 266400
Cer  Concendration @3% Oy (Hg/fdscm) <t 282400 w1 3SESD0 <] 33E+G0
s Concentration (mgsdsem) <1,275-43 <1,28E.03
Cse  Concentration (ug/Mm® dry) C1.38E+00 <1.358+00
Eppe  Rate (o) <5 O0E-G3 <7 88E-03
Egs  Rate (gis} <1 01803 <1.0E-03
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CleanAir

ALSTOM POWER, INC.
MARSHALL STEAM STATION

Client Reference No: 96004005
CleanAir Project No: 10171

2-12
Table 2-12:
Unit 4 FGD Stack —~ Method 28 (Se, Ag, Ti, 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.} 13:57 16147
Gas Conditions
O Qxygen (dry voiume %) T4 82 7.4
CQ; Carbon dioxide (dry volums %) 1.7 i1.0 11.3
T:  Sample temperature (°F) 125 128 125
B, Actual water vapor in gas (% by velume) 12.82 12,88 12.88
Gas Flow Rale
Q, Velumetric flow rate, actual {scfm) 2,181,522 2.187.,788 2,169,654
Qua  Volumetric flow rate, dey standard {dscfm) 1,701,808 1,681,808 1,691,608
Selenium Resulis - Total
Csg  Concentration (lb/dsch B8.85E-10 7.41E-10 3.43E-10
C,  Concentration {bfach B.75E-10 4.76E-10 6.26E-10
G Concentration (pg/dscm) 1,38E+01 1.19E+01 1.29E+01
Car  Concentration @3% O, {ugfdscm) 1.42E+€1 1.30E+G1 1.36E+01
Cua  Goncentration {mg/dserm} 1.38E-02 1.18E-02 1.25E-02
Cs  Congentration (ug/Nm® dry) 1.49E+01 1.276+01 1.38E+01
Epre  Rate (bihr) 3.83E-02 7.4BE.02 8.15E-82
Ex  Rate{glh 1HE-02 947503 1.03E-02
Silver Results - Totat
Cy,i  Concentration {ibfdsch 1.868-11 1.28E.11 1.61E-11
G, Concentration {Ibfach} 1.53E-11 9.85E-12 1.28E-11
Ce  Concentration {ug/dscm) 3,14E-01 2.02E-01 2.58£5.01
Ceqr Concentradion @3% G, {po/dscm) 3231 2.21E-01 2.72E-01
Csa  Conecentraiion {mgfdsem) 314E-04 2.02E-04 2.58E-04
Cse  Concenfration (ug/Nm? diy) 3.37E-01 2.17TE-01 277E-01
B Rate (bihn) 2.00E.03 1.28E-03 1.84E.03
E..  Rate {g/s) 2 53E-04 1.61E-04 2.07E-04
Thallium Resulls - Totat
Ges  Concentration dbigscr} «F TEE2 <7 §3E-12 <7.BBE{2
Ca Concenration (Iblacfy <5 OfE-12 <R THE-12 <B.A3E-12
Gea  Concentration (pg/dscrm <1 25E-0% <1.27E-01 <1.26E-01
Cowr  Concentration @3% O, {pg/dscm) <. 28801 <1.38E-01 <1.35E-01
T Concepiration {mg/dacr) <1, 28804 <L 2VE-04 <1.26E-Q4
Ce  Concentration (ug/Nm® dry} <1S4E-0T <13BE-01 <1.35E-8%
Ewre  Rate {b/hr) <7 86E-04 <8 C0E-04 <7.38E-04
By Rate (g/s) <|.GOE-04  <1.01E-04 <4 DOE-B4
Zinc Resuits - Tetal _
Cra  Concentration {Ibidsch 1.12E-08 7.47E-10 2.32E-10
=9 Concentration {Ibfacf) B.71E-10 5.82E-10 7.26E-10
Cee  Concentration (pg/dsom) 1.79E+01 1.20E+01 1.49E401
Ceq7  Conceniration @3% O, (ug/dscm) 1.84E+01 1346+ 1.57E+01
Ces  Conceniration {mg/dscm) 179802 1.20E-02 1.49E.02
Cea  Consentration (Ug/Nm® gry) 1.92E+01 1.28E+04 1.60E+09
Ewnr  Rate (Ibhry 1.18E.01 7.54E-02 9.47E-02
Egn  Rale {o/s) 1.44E-02 9.50E-03 1.198-02
052907 114957
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CleanAir Project No: 10171

Revision 0

052807 111959

RESULTS 2413
Table 2-13:
Unit 4 FGD Inlet - Method 26 — Glass, Runs 14
Ruzn KNo. 1 2 3 4 Average
Date (2007) Kar 28 Mar 28 Mar 28 Mar 29
Start Time {aeprox) 0935 11:58 14:03 o841
Stop Time {approx.) 111 13:35 15:39 1017
Pracess Conaditions
Fa COxygen-based F-factor {dsef/sMBtu) 3,780 8,788 9,780 3,786
Fa Carbon dioxide-b ased F-factor { dscifMMBtu} 1,800 1,800 1,600 1,800
Gas Conditions
o5 Oxygen {dry valume %) 8.5 87 7.5 B.O 8.2
CO;  Carbon dioxide { dry volume %) 10.6 9.9 11.8 11.2 10.9
T, Sampie temperaiure (°F) 255 288 262 250 257
B, Actugl water vaper in gas (% by volume} 10.50 10581 9.84 9.8 1016
Hydrogen Chioride (HCI) Results
Ces  HOI Concentration {ppmdv) 58.7 49.8 54.0 45,0 1.8
Ceqr HCI Concentration @3% O {ppmdy} 85.6 73.1 721 62.5 738
Erg  HCiRate - Fd-based {Ib/MMBtu) 9.35E-02  7.8%E-D2  7.78E-02  &.75E-02 ¥.95E-02
Er.  HC! Rale - Fe-based (/MM BL) 9.44E-02  BE7ED2 77%E-02  6.858.0% 8,15E-02
Hydrogen Fluoride {HF) Results
Csy  HF Coneeniration {ppmdy) "7 7.40 5.58 6.71 7.84
Cyr  HF Concentration @3% O2 (ppmdv) 17.2 10,8 7.48 .31 1.2
Ezy  #F Rate - Fd-based (b/MMBl) 1.02E-02  §435-03  4.42E-03 5.52E-03 6.64E-03
Er.  HF Rate - Fe-based {B/MMBlU) 1.036-02 S.49BE-02  4.428-03  S5.60E-03 6.32E-03
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Ron No.

Date (2007}
Start Time {approx.)
Stop Time {approx.)
Progess Conditions
Fy Oxygen-based F-factor (dscHMMBL)
Fe Carbon dioxide-based F-fa ctor (dscf/MMBtu)

Gas Conditions
o) Oxygen (dry volume %)
COQ;  Carbon dioxide (dry voiume %)
Ts Sample temperature (°F}
By Actual water vapor in gas {% by volume)

Hydrogen Ckloride (HCI) Results
Ca  HCI Concentration (ppmdv)
Cop  HCE Goncentration @3% O ; (pprsv)
Ers  HCI Rafe - Fd-based {Ib/MM Btu)
Epe  HCI Rate - Fo-based (bW MBlu)

Hydregen Fluoride (HF} Results
C:a  HF Concentration {ppm dv)

~ Cser HF Concentration @3% 02 (ppmdv)
Ere  HF Rate - Fd-based (/M MBtu}
Ere  HF Rate - Fo-based (h/di Biu)

Table 2-14:
Method 26 — Glass, Runs 5-8
5 8 7
Mar 28 Mar 29 Mar 30
10:51 12:58 08:26
42:27 1434 10:02
9,780 9,780 2780
1,800 1,800 1,800
8.5 78 8.2
99 1.6 1140
248 244 241
10,43 10.01 9.58
4242 42.17 56,02
66.51 58,75 70.50

7.198-02 6.13E-02 7.61E-02
7.30E-02 £.19E-02 7.74E-G2

5.42 8.25 561
8.51 8.41 7.90
5.04E-03  4,89E-02 4 68E-83
6.11E-03 B5.03E-03 4. T8E-03

8 Average
Mar 30
1123
12:69
9,780
1,800
8.1 &4
11.% 159
244 244
8.67 9.45
55,43 47,51
77.82 67.85

BITELZ 7.33E-02
8.50E-02 T.43E-02

871 5.00
9,38 8.55
5.56E-03 5.07E-03
5.64E-03 5.14E-03

Revigion 0
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2+15
Table 2-15:
Unlit 4 FGD Inlet — Method 26 — Teflon, Runs 1-4
Rutt No. 1 2 3 4 Average
Date (2007} ear 28 Mar 28 Mar 28 Mar 29
Start Time (approxy 0835 11:59 14:03 0841
Stop Time (approx.) 1111 13:35 15:39 10:17
Process Conditions
Fa Oxygern-based F-factor {daciMMEBLY) 9,780 9,780 9,780 9,780
Fe Carbon dioxide-based F-factor (dscfMMBiU) 1,800 1,800 1,800 1,800
Gas Conditions
G2 Ouxygen [Gry volume %) 8.4 8.5 9.5 8.0 85
CO;  Carben dioxide {dry volume %) 11.2 106 9.9 11.2 10.7
Ts Sample temperature (°F) 255 257 257 247 254
B.  Actualwater vapor in gas (% by volume} 11.18 10.88 16.47 1027 1065
Hydrogen Chloride (HCI) Results
Co  HOCIConcantration (ppmdv) 43.82 51.03 56,60 42.69 48.54
Ceqr  HCIl Concentration @3% Oy (ppmdv) 61.28 73.67 88.87 58.24 70.78
Epy  HCi Rate - Fd-hased (oAMMBtu) 6.62E-02  7.95E-02 8.60E-02 6.40E-02 7.64E.02
Ep.  HCIRate - Fe-based (bIMMBH) 8.66E-02 8.20E-02 §.73E-02 B.49E-02 7.77E02
Hydrogen Fluoride {HF} Results
Cse  HF Concentration (ppmdv) .34 6.53 5,31 550 5.92
Car  HF Concentration @3% 02 (ppmdv) 8.86 943 B.33 763 .56
Epy  HF Rate - Fd-based ({b/MMBiu)- 5.25E-03 5.59E-03 4 94E-03 4.52E-03 5.07E-63
Ep.  HF Rafe - Fe-hased (Ib/MMBR) 5.20E.03 §.75E-03 5.01E-03 4.58E-03 5 16E-03
Removal efficiency based on ppmdv @ 3% 02 GB2BOT 152007
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Table 2-16:
Unit 4 FGD Inlet — Method 26 — Teflon, Runs 5-8
Run No. 5 ] 7 8 Average
Date {2007) Mar 28 Mar 28 Mar 30 Mar 30
Start Time {approx} 10:51 12:58 0828 1123
Stop Time (approx.) 12:27 14:34 G2 12:59
Process Conditions
Fq Oxygen-based F-factor (dscfMBL) 2,780 $,78G 3,780 8,780
Fe Garbon dioxide-based F-factor (dsefMMBLY) 1,800 1,800 1,800 1,800
Gas Conditions
0y Oxygen (dry volume %) 8.0 7.7 8BS 7.9 8.0
COs  Carbon dioxide (dry volume %} 1.8 1.8 106 1.4 143
Ts Sample temperature {°F) 243 242 239 242 242
By  Actual water vanor in gas {% by volums) 11.43 .97 10.01 .98 10.27
Hydmgen Chioride (HCI} Results
Ceq  HCI Concentration {ppmdv) 4461 43.45 4788 53.22 47.28
Gaer  HCI Concentration §@3% O {(ppmdy) 51,80 58.82 69.08 73.28 B8.79
Erg  HOI Rate - Fd-based (lo/VMBLs) 8.68E-02 8.36E-02  T.4BE-02 791602 711E-02
Er,  HOIRate - Fo-based db/MMBLY) 8.55E-02 838502  T.89E-02 7A5E-02 T1.14E-G2
Hydrogen Fluoride (HF) Results
Ceq  HF Concentration {ppendv} 7.53 6.17 571 5.74 6.28
Cir  HF Concentration @3% 02 (ppmdv} 10.45 837 8.24 7.50 874
Era  HF Rate - Fd-bazed {hMMBS) 6.19E-03 4.96E-03  4.88E-03 © 4.68E-03 5.18E-03
Epe  HF Rate - Fo-based (h/MMBLU) 8.06E-03 4 97E-03 5.03E-03 4,70E-03 5.19E-03
Removal efficiency based on ppnxdv @ 3% G2 052907 +12040
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Ers  HF Rate - Fd-based ([b/MMBtwu)
E., HF Rete - Fobased {b/MMBt)
RE  Reduction Efficiency (% Removal'

Tahle 2-17:
Unit 4 FGD Sfack — Method 26 - Glass, Runs 1-4

Resn Mo, 1 2 3
fate {2007} Mar 26 Mar 28 Mar 28
Start fime (approx.} 09:35 11:59 14:03
Stop Time (approx.) 1111 15:35 18:38
Praocess Conditions

Fa Oxygen-based F-factor (dsc/MMBAY 9,780 9,780 9,780

Fe Garbon dioxide-based Fufactor idscfMMBE) 1,800 1,800 1,800
Gas Conditions

Q,  Ouygen {dry volume %) 7.8 T 82 73

CO, Carbon dioxide (dry volume %) 114 1.0 . 1.8

I Sample temperalure {°F) 124 124 125

By Actual water vapor in gas (% by volume) 12.80 11.74 13.24
Hydrogan Chioride (HCY) Results

C,e  HCI Concenteation {ppmdv) 0.052 G.102 0.061

Cyer  HCI Concentration @3% O [ppmady) 0.072 0.144 0.080

Ers  HCI Rate - Fd-based {Ib/MMBLU) 7.76E-05 1.56E-04 8.55E-05

Er,  HCI Rate - Fe-based (ib/MMBiu) T7.T9E.08  188E.D4  B.74E-D5

RE  Reduction Efficiency (% Removay)’ 58.9% $8.8% 99.5%

" Hydrogen Fhuoride (HF) Results
Cie  HF Conecentration {ppragv) <0077 <0,041 «0,011
Cer  HF Concentration @3% 02 (ppmdv} <0.01% <0.045 «0.814

=B AGE-D8  <RO2FE.05 <5.57E-08
<8 28E-08 <R ITEDE  <B428-08
89.8% 89.8% §59.9%

4 Average
Mar 29
08:41
107
9,780
1,800
1o 76
121 118
125 125
12.43 12,66
0.082 0.067
D087 0.081
T 24E-08 9.81E-85
7.32E-05 9.92E-05
98.8% 89.5%
w0011 <310
<0.018 <5044
SRYGEG8 <BIBE-08
<@BBE-06  <B24E-46
99.8% 99.9%

! Reduction efficiency determined using ppmdy @ 3% Oy,

Revision 0
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&

Mar 28
12:58
14:34

9,788
1,800

7.1
12.2
123
11.68

£.050

8,065
7.07TE-08
7.04E-08

95.9%

.01
(.06
<3, 55E-08
<8 . ERE06

7

Mar 30
08:26
1002

£.780
1,800

[R]
121
123
11.78

0.033
0.043
4.60E-05
4.68E-05
100.0%

<012
<3015
<3.75E-06

YIE-06

Table 2-18:
Unit 4 FGD Stack — Method 28 — Glass, Runs 5-8

Run No. 5
Dade {2007) Mar 29
Start Time (approx.) 1051
Slop Time {approx.) 12:27
Process Conditions

Fu (xygen-based Fofactor (dscMMBia} 9,780

Fe Carbon dioxide-bas ed Factor (ds of/MMBtU) 1,800
Gas Conditions

Qg ygen (dry volume %) 7.0

CO, Carbon dioxide (dry volume %) 12,2

Te SBarnple temperature (°F) 123

By Actual water vapor in gas (% by valume} 11.68
Hydregen Chigride (HCH Resuits

Csy  HOI Consentration (ppmdv) 0,633

Cerr  HCl'Concentration @3% O {ppmady) 0,043

Ery  HUI Rate - Fdubased {| b/MMBt) 461605

Ere  HOI Rate - Fe-bas ed (Ib/MMBta} 4.62E-08

RE  Reduction Etficlency (% Removaly' 59.9%
Hydregen Flueride {(HF) Resuits

CGes  MF Concentration { ppmdv) <0071

C.q7  HF Concentration @3% O2 {ppmdy) «(.015

Erg  HF Rate - Fd-based (th/NIMBh) «§ TFE-DS

Ere  HF Rate - Fe-basad { I/MMBh) <8 BOE-08

RE  Reduction Efficiency (% Removai)' 8%.8%

99.9%

48.9%

L} Average
bdar 3¢
1128
12:89
8780
1,800
7.0 7.0
12.2 12.2
122 123
11.81 11.73
0.038 0.038
0.048 0,048
5.01E-08 §,32E-0&8
5.03E-05 3,35E-056
100.0% 99.9%
<017 <0,511
<3018 <0945
«<§. GOE-08 <3.75E-06
<§.93E-88 <§.7BE-08
99.9% 99.9%

' Reduction efficency detarmined using ppmdy @ 3% Oy
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ALSTOM POWER, INC.
MARGSHALL STEAM STATION

Table 2-19:
Unit 4 FGD Stack —~ Method 26 — Teflon, Runs 1-4
Run No. 4 2 3 4 Average
Date (2007} Mar 28 Mar 28 Mar 28 Mar 29
Start Time {approx.} 09:35 11:59 1403 08:41
Siap Time (&pprox.) 1441 13:35 15:39 10:47
Process Conditions
Fa Oxygen-based F-factor (dsci/AMBLuY 8,780 8,780 9,780 9,780
F. Carbon dinxide-basad F-factor {dsc FMMBLY) 1,800 1,800 1,800 1,800
Gas Conditions
O;  Oxygen (dry volume %) 7.0 8.8 6.9 7.1 7.0
CO;  Carbon dioxide {dry volume %} 12.3 12.3 121 12.2 12.2
Ts Sample temperature {°F} 128 126 126 126 126
By Actual water vapor in gas (% by volume) 12.45 12.88 12.22 1207 12,43
Hydrogen Chloride (HCI) Results
Cws  HO Concentration {ppmdy) 0.045 0.08% 0.036 0.08C 0.062
Cear  HTH Concentration @3% Dy {pomdy) 0.058 3.113 £.046 G183 0.080
Ers  HOG Rafe - Fd-based { b/MMBtU) 6.23E-08 1.228-04 5.01E-05 1.11E-04 4.686E-05
Exe  HCl Rate - Fo-bas ed /MBI 8.20E-05 1.238-04  5.10E-05 1.{1E-04 8.67E-05
RE  Reduction Efficiency (% Removal)’ 49.9% 89 8% 99,9% 59.8% 59.8%
Hydrogen Fluorids {(HF) Results
Cer  HF Concentration { ppmdv) <FABE-03 7 BSE-03 <B27E-03 0 «10EaR 3. 84803
Cegr  HF Concentration 3% O2 (ppmdv) <3010 <3010 <G 312 <314 <8011
Eey HF Rate - Fd-base d {ib/MMBLL} <5 V2E-08 <5 T2E-08 <V 0ZE-O8 <8 4RE-06 <8.74E-08
Erg Hr Rate - Fe-based ( Ib/MMBtu) <5.68E-08  «L.FLE-08 <7 fBE-08  <B84KE 08 <B.76E-08
RE  Reduction Efficizncy (% Removal)® 55.8% 0.8% 99.9% 98.8% 88.0%
¥ Reduciion efficiency determined using pp mdv @ 3% Qo 8507 112023
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RESULTS 2-20

Table 2-20:
Unit 4 FGD Stack — Method 26 — Teflon, Runs 5-8
Run Mo, 5 [ 7 8 Average
Date {2007) Mar 29 Mar 29 Mar 30 Mar 3¢
Start Time {approx.} 19:51 1258 08:26 11:23
Biep Time (approx.} 12:27 1434 002 12:59
Process Conditions
Fq Oxygen-based F-factor {(dsciMMBiu) 8,780 8,780 3,780 8,780
Fe Carbon dioxide-bas ed F-factor {dsc fMMBtu) 1,800 1,600 1,800 1,800
Gas Gonditions
Cy Oxygen {dry volume %) 6.8 8 6.8 8.8 83
CQz  Carbon dioxide (dry volume %) 12.3 12,5 12.2 12.3 12.3
Ts Sample temperatere (*F} 124 124 124 123 124
B, Actual water vapor in gas (% by volumé) 11.75 11.3¢ 11.49 11.687 11.60
Hydrogen Chloride (HCH Results
C.a  HCI Concenfration (ppmdv) 0.058 0,053 0.027 0.13 0.063
Coyy  HCl Conocentration @3% O (ppmdv) 0.074 0.067 0.034 0,17 0.086
Erq HQI Rate - Fd-hased ({ b/MMBiu} 7.B7E-D5 7.20E-05 3.71E-05 1.82E-04 8.27TEL5
Er,  HCI Rate - Fe-bas ed ((h/MMBL} 8.08E~-08  7.16E-05  3.7BE-05 1.84E.04 2.34E-05
RE  Reduction Efficiency {% Ramoval)' 99,8% 99.9% 100.0% 49.8% 99,9%
Hydrogen Fluoride (HE) Results
Cw  HF Concentration { ppmdv) <0011 =0.4011 <0016 <011 <3011
Cear  HF Concentration @3% 02 (ppmdv) “0,074 <3044 <0012 <0014 <014
Ers  HF Rate - Fd-based (b/MMBta) <8 50E-08 <H.34E-08 <7 81E-08 <3.07E-08 <3,13E-08
Er,  HF Rate - Fc-based (Ib/MMBu) «8.58E-08 «B2BE-08 <7 74E.08 <3 iSE.08 <8, 15E-08
RE  Reduction Efficiency (% Removai)' 99.9% 99.9% 99.9% 99.9% 59.9%
* Redustion effisiency determined using pp mdv @ 3% Oa. 057007 112027
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Table 2-21:
Unit4 FGD Inlet - FTIR ~ March 27, 2007
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" Table 2-22;
Unit 4 FGD Inlet - FTIR — March 28, 2007
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ALSTOM FOWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

_ - . e T o . ,
Unit 4 FGD Stack — FTIR — March 29, 2007

Plant CEMS corrgctad Lo ppmdy using measurad malsture content of fiue gas,

Table 2-24;
Unit 4 FGD Siack — FTIR —~ March 30, 2007

8’30 ~D.G3 CC‘ 405.3 1 ?2.5 146 39.0 9.72 11.20 12.5 65 127 386 128

§45 814 0.0z 2256 113.1 1.63 40.4 6.7 11.74 125 8.6 127

940 0.03 Q.00 grze 1118 1.5¢ 44.5 0.74 M7 128 &8 127 43.2 124

815 -G8 8,03 400.7 114.4 1.80 427 073 11.83 128 £.5 127

30 202 0.04 458.7 113.7 162 43.3 072 1148 128 55 12.7 443 124

.45 o144 0.07 560.0 113.0 1.60 413 274 10.85 1235 88 127

1800 -8 9.00 3858 1145 1.58 467 872 14,26 12,6 6.5 127 443 125

118 0.03 0.05 390 1180 154 454 0.79 .19 126 6.5 128

10:30 a.08 Q.07 1432 1165 1.53 398 0.7% 10.65 125 68 127 43.9 2.7

146 9.08 .06 3222 1153 1.57 40.3 a7 11.28 2.6 58 128

1100 G a.02 643.8 115.8 165 45.3 0.76 11.33 127 6.5 127 42.6 124
Ehii £.05 -G 2204 116.5 167 452 072 11.23 126 6.8 2.7 .
1130 L03 . 008 218.9 1159 187 42.0 077 11.24 126 885 e 428 1258 i
11:45 -0.01 [sen} 3.0 1139 145 387 873 1081 126 6.5 128
12:00 .06 .08 22086 1187 1.54 388 079 1141 128 8.7 125 408 125
kil 403 .04 2170 1181 1.60 38,3 074 1148 126 68 127 H
2.3 0.08 11 2430 117.5 1.58 ®S5 679 11.51 126 8.8 127 3.2 12.6

1245 -G8 foxvs] 3708 11683 1.47 383 74 11.56 127 6.3 128

13:00 RG] £.01 463.5 1148 1.64 e 0.81 11,14 126 €4 12.8 38,7 12.4

Plani CEMS somecled io ppmdv using measured malstura content of flus gas.
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ALSTOM POWER, INC, Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

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

DESCRIPTION OF INSTALLATION
MARSHALL STEAM STATION (CONTINUED)

North
______%

Route 150

Main Plent Entrance

Existing Units {1-4)

4

Long Distance

¥

CleanAir CEM Trailer

FGD Iniet Test Porls

] D Fans (4A and 4B)
Control Room

O _ |

Office- Laboratory Trailer
480 ¥ Outiet In-glde Stack

OO

ALSTOM Trailer Emissions Testing Location
: BEET CleanAlr Treiler Placement

ALSTOMISHAW FGD Entrance
Use this entrance

Figure 3-1: Process Schematic
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CleanAir Project No: 10171

DESCRIPTION OF INSTALLATION
DESCRIPTION OF SAMPLING LOCATIONS

3-3

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 Paints Minutes Total
Location Constifuent Method _No. Ports perPort  perPoint  Minuies Figure
FGD Inlet B0./S0; B 1.2 1 1 60 &0 MN/A
FGD Inlet Trace Metals 29 1-2 8 4 3 96 32
FGD Indet HCKHF 26 1-8 1 1 96 85 N/A
FGD Stack SQ/50, 8C 1-2 1 1 80 €0 N/A
FGD Stack Trace Metals 29 12 3 4 18 86 3-3
FGD Stack HCWHF 26 1-8 1 1 =1 86 N/A
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ALSTOM POWER, INC. Client Reference No: 96004005
MARSHALL STEAM STATION CieanAir Proiect No: 10171

DESCRIPTION OF INSTALLATION _ .
DESCRIPTION OF SAMPLING LOCATIONS {CONTINUED)

[

284.010n: L

e E A

-

O O e Y e e O e A e H
L
.
.
N

+ o+ + o+

400.01n.
+- + + +
-+ 4 + +
+ + -+ -+
8 + + + +
4
Gas Flow Out of Page
Sampling Point Port 1o Point Diistance (in.)
4 : 92.4
2 €6.0
3 398
4 13.2

Figure 3-2: FGD Inlet Sampling Point Determination {EPA Method 1)
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ALSTOM POWER, INC. Client Referance No: 98004005
MARSHALL STEAM STATION CleanAir Project No: 10171

'DESCRIPTION OF INSTALLATION

3-5
DESCRIPTION OF SAMPLING LOCATIONS (CONTINUED)

]t. 354.0 i .-|

Gas Flow
Out of Page

Sampling Point Port o Point Distanee {in.)

114.3
68.7
37.2
1.3

B 10 -3

Figure 3-3: FGD Stack Sampling Point Determination (EPA Method 1)
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ALSTOM POWER, INC. Client Reference No: 98004005
MARSHALL STEAM STATION CleanAir Project No: 10171

Clean Eneer followed procdu as detailed in U.S, Environmental
Protection Agency (USEPA) Methods 1, 2, 34, 26, 29 320 and CleanAir Methods 8B
and 3C. The following table summarizes the methods and their respective sources.

Table 4-1:
Summary of Sampling Procedures

Title 40 CFR Part 80 Appendix A

Method 1 “Sample and Velocity Traverses for Stationary Sources”

Method 2 “Determination of Stack Gas Velocity and Volumetric Fiow Rate {Type S Pitot
Tube)*

Method 34 "Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from

Stationary Sources (Instrumental Anatyzer Procedure)”

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

Method 28 “Determinafion of Metals Emissions from Stationary Sources”
Miscellaneous Methods

CleanAir Method BB "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
Suifuric Acid Vapor And Mist From Stationary Sources Using An EPA Method 8
Bampling Apparatus Modified To Mitigate The Effects Of Moisture And Cther
Potential Interferents”

Title 40 CFR Part 83 Appendix A

Mathod 320 “Measurement of Vapor Phase Organic and Inorganic Emissions by Exiractive Fourier
Transform Infrared (FTIR) Spectrascopy”

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 méthod in Appendix A.

- CleanAir foliowed 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 HI 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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ENVIRONMENTAL CONTROL SYSTEMS
North Americe

1406 Centerpmnt Bivd.

Krweowailte, Ternessas 37832 USA
Phone: +1 865 £33 7550

Fax +1 BGS G54 5203
wWWwWLeNViFDnmeEnt. Gower.alstom.com

Duke Energy
525 South Church Street
Charlotte, NC 28202

October 14, 2008

Subject: (iffside 6 Acid Gas Removal
Attn:

Sam Alexander
General Manager
Cliffside Modernization Project

Dear Sam,

in response to your inguiry concerning the expected emissicns of hydrogen chloride (HC) and hydrogen fluoride {HF)
from Cliffside Unit 6, Alstomn offers the following:

Performance predictions for HO and HF emissions at Cliffside Urit 6 were originally based on the assumption that these
species are removed in the same percentage as S0, Thus, if the S0, removal efficiency is 99%, it is assumed that HC)
and HF removal efficiencies are also 99%. The above assumption is known to be conservative as both HCland HF are
stronger acids and mare reactive than S0, which would tend to produce higher removal efficiencies than 50,, all other
- pararmeters being equal.

There is now reason to believe that the actual performance at Cliffside & will be significantly better than originally
predicted as demonstrated by data from recent testing of WFG3 systerns.

Duke Energy Plant A
Marshail Unit 4
S0, Removal (%) 95-96 95-85
HCI nlet (Ib/MMBtu) 0.098 0.087

HCI Emissions {Ib/MMBtu)

Avg. 0.000128

Avg. 0.000214

HC Removal (%) 99.7-39.9 89.7-99.8
{Avg. 99.87) {Avg. 84.75)
HF Inlet (b/MMBtw) Avg. 0,0070 Avg. 0.0083
HF Emiszions {{b/MMBtu) Avg. 0.0000125 Avg. 0.0000463
HF Removal {%} 99.8-99.9 §9.7-89.8

it is evident from the data that (1) the HCl and HF removal efficiencies are higher than S0, in all cases and (2) very high
removat efficiencies/low emissions are achievable.

Marshall Unit & incorporates Alstom’s most current design features - dual orifice nozzles and performance enhancement

plates (wail rings}. Dual orifice nozzles provide extremely good cantact between the fiue gas and scrubbing slurry, and
increase liguid residence time in the absorber, Performance enhancement plates ensure that no unscrubbed flue gas
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bypasses the spray zone along the vessel walls. These two features are responsible for the extremely low emissions at
Marshall,

Plant Ais a utility grade coal fired plant with two large scale units firing bituminous coal. The Alstom WEGD system,
put in service in the mid-1930’s, is of similar design, but facks performance enhencement plates and has been only
partially retrofitted with dual orifice nozzles.

The advanced Integrated Air Quality Control System planned for Cliffside Unit 6 further enhances the potential for
extremely low acic gas emissions. in this process, a high-efficiency WFGD systern is preceded by DFGD system
comprised of & Spray Dryer Absorber (SDA) and Pulse Jet Fabric Filter (PIFF). Lime slurry is injected in the SOA primarily
for acid mist (M,50,) contral. Pilat testing at Cliffside Unit 5 has indicated that 50-70% of the HCl is collected in the SOA;
HF was not measured.

The high efficiency Cliffside WFGD is an advanced version of the Marshall WFGD with an additienal spray level and
design SO, removal efficiency of 89% compared with the Marshall design efficiency of 95%. With two stages (i.e. DFGD
and WFGD) of acid gas control, HUE and HF removal performance at Cliffside Unit 6 is expacted to be better than the
single stage scrubber (i.e. WFGD) systems at Marshall,

This information is provided for information purposes enly and reflects what Alstam reasanahly expects the emissions to
be based on the data above and the particular equipment to be provided at Cliffsice Unit 6, but it does not constitute a
specific performance guaraniee or warranty by Alstom for HC! or HF removal.

Sincerely,

@R 2N

Phil Rader
Business Sales Manager

ce Eileen Windham, Alstom
Dave Borsare, Alstom




