APPENDIX

1. Source-Specific BART Modeling Report with VISTAS Met Data: Cheswick Power Station — Unit 1
2. Application of Wet Electrostatic Precipitation Technology in the Utility Industry for Multiple
Pollutant Control Including Mercury
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1.0 Executive Summary

Orion Power MidWest, L.P., a subsidiary of Reliant Energy, owns and operates the Cheswick Power Station

(“Cheswick”), a coal-fired electric generating station located on an 82-acre site in the borough of Springdale,

approximately 18 miles northeast of Pittsburgh. Cheswick has been identified by the Allegheny County (PA)
Health Department (ACHD) and Pennsylvania Department of Environmental Protection (PADEP) as being a
source that is eligible for consideration of BART controls for PM,, (CAIR serves as BART for SO, and NOy).

The purpose of this document is to summarize dispersion modeling analysis conducted for the BART-eligible
Cheswick Unit 1.

The Regional Haze Rule regulations require the determination of BART for any BART-eligible source that
“emits any air pollutant which may reasonably be anticipated to cause or contribute to any impairment of
visibility” in any mandatory Class | federal area. Pursuant to federal regulations, states have the option of
exempting a BART-eligible source from the BART requirements based on dispersion modeling demonstrating
that the source cannot reasonably be anticipated to cause or contribute to visibility impairment in any Class |
area. In states subject to the Clean Air Interstate Rule (CAIR) and that will be imposing regional limits for
overall SO, and NO, emissions from electric generating units (EGUs), the U.S. Environmental Protection
Agency (EPA) has determined that CAIR satisfies the BART requirements for SO, and NO,. Therefore, each
CAIR state can limit BART analyses to only consider potential visibility impairment due to emissions of primary
PMo, where primary particulate matter (PM) emissions are defined as the sum of filterable PM plus
condensable PM emissions. By letter of November 17, 2006, the PADEP confirmed that participation in the
CAIR trading program satisfies the SO, and NO, BART requirements for Pennsylvania EGUs. Accordingly,
this modeling report focuses solely on performing BART modeling analyses for primary particulate matter
(PMyo) emissions from Cheswick Unit 1.

The document entitled “Source-Specific BART Modeling Protocol: Cheswick Power Station — Unit 1” was
submitted to the ACHD and PADEP in November 2006. A copy of the modeling protocol along with
subsequent correspondence among the ACHD, PADEP, ENSR and Reliant Energy pertinent to the modeling
protocol are presented in Appendix A of this report. The modeling exercise was conducted in general
accordance with the protocol with the exception that the VISTAS 3-year meteorological data set and VISTAS
modeling procedure were used in lieu of the 1-year MANE-VU meteorological data set and MANE-VU
modeling procedure as proposed in the protocol (please see the January 4, 2007 email transmittal between
the PADEP and ENSR presented in Appendix A). The modeling procedures are consistent with those outlined
in the final VISTAS common BART modeling report (Dated August 31, 2006), available at http://www.vistas-
sesarm.org/documents/BARTModelingReport rev3.2 31Aug06.pdf. This report references relevant portions
of the common VISTAS report.

The results of the modeling study demonstrate that visibility impacts due to primary PM;q emissions from
Cheswick Unit 1 are imperceptible, below 0.5 delta dv (8" highest or 98™ percentile day in each of the three
modeled years 2001, 2002 and 2003) at all Class | areas. It should be noted that nearly all of the visibility
impacts can be attributed to inorganic condensable PM emissions, which are modeled as sulfuric acid (H,SO,)
emissions that result from the conversion of a small fraction (typically 1 percent or less) of the SO, in the coal-
fired boiler flue gas stream into SO3; and H,SO,. Reliant and ENSR submit that the implementation of CAIR
will also reduce emissions of sulfates / inorganic condensable PM emissions since these emissions are directly
proportional to SO, emissions. The modeling shows that the visibility impacts from non-sulfate PM, are so
low (maximum 0.03 delta dv, 8" highest or 98" percentile day in each of the three modeled years 2001, 2002
and 2003) that additional BART analyses for primary particulate would likely yield no meaningful visibility
improvements.
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1.1 Location of Source vs. Relevant Class | Areas

Figure 1-1 shows a plot of the Cheswick Power Station relative to nearby Class | areas located within the
VISTAS Regional Planning Organization states. There are three Class | areas within 300 km of the plant: (1)
Shenandoah National Park, (2) Otter Creek Wilderness, and (3) Dolly Sods Wilderness. The BART evaluation
modeling was conducted for each of these Class | areas in accordance with the referenced VISTAS common
BART modeling protocol.

1.2  Organization of Report Document

Section 2 of this report describes the source emissions that were used as input to the baseline emissions
BART modeling. Section 3 describes the input data that was used for the modeling including the modeling
domain, terrain and land use, and meteorological data. Section 4 describes CALPUFF modeling and the air
quality modeling procedures. Section 5 discusses CALPUFF modeling results. References are provided in
Section 6.

Source-Specific BART Modeling Report: Cheswick Power 1-2 January 2007
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Figure 1-1: Location of Cheswick Power Station in Relation to Nearby Class | Areas
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2.0 Source Description and Emissions Data

The emissions data used to assess the visibility impacts at the selected Class | areas are discussed in this
section. As noted earlier, the ACHD and PADEP will consider CAIR to suffice for EGU BART for SO, and NO,
(reference the August 24, 2006 letter from Ms. Sandra L. Etzel of the ACHD to Mr. J. Derek Furstenwerth of
Reliant Energy and the aforementioned letter dated November 17, 2006 from the PADEP to Reliant
Energy). Further, the DC District Court reaffirmed EPA’s decision that CAIR satisfies BART requirements for
electrical generating units for SO, and NO controls in a decision rendered on December 12, 2006. Therefore,
this report will focus only on PM4y. Since various components of PM,, emissions have different visibility
extinction efficiencies, the PM,, emissions are divided or “speciated” into several components. Cheswick is
using, where available, source-specific emissions and speciation factors. Otherwise, default values from
EPA’s AP-42 reference document are used.

Unit 1 at the Cheswick Power Station is a coal-fired unit. Electrostatic precipitator controls are currently
installed on the Cheswick unit. Total PM,, is comprised of filterable and condensable emissions. Total PMy, is
comprised of filterable and condensable emissions.

o Baseline filterable PM;, emissions (units of Ib/hr) were conservatively based on the source-specific
emission factors (units of Ib/MMBtu) included in the 2005 air emissions inventory and the maximum
daily heat input recorded during a three-year period from July 2003 through June 2006. The
maximum daily heat input data were extracted from the unit’s certified continuous emission monitoring
data acquisition system.

o Filterable PM can be subdivided by size category consistent with the default approach from a
speciation spreadsheet provided by the National Park Service, based upon AP-42 Tables 1.1-5 and
1.1-6 for a dry-bottom boiler firing pulverized coal with an ESP for PM control. The applicable NPS
spreadsheet parameterizes various components of the filterable PM,, emissions as coarse inorganic
PM,, fine inorganic PM,, and elemental carbon. The percentage breakdown of filterable PM,
emissions for these three components is 55.6%, 42.8%, and 1.6%, respectively.

o Condensable PM,q consists of inorganic and organic compounds. The inorganic portion is assumed
to consist of H,SO,. The organic portion is modeled as secondary organic aerosols. According to the
NPS spreadsheet, if only the filterable PM,, emissions are available, then the H,SO, and organic
condensable PM; emissions are assumed to be 208% and 51.8% of the filterable PM,, emissions,
respectively.

Table 2-1 provides a summary of the modeling emission parameters that were used in the BART CALPUFF
modeling, consistent with the source emissions data mentioned above.

Sulfuric acid mist (H,SO,) is emitted from coal-fired boilers proportionally due to trace conversion of SO,. The
same reductions in regional SO, that will be implemented under CAIR will cause similar and proportional
reductions in regional H,SO,4. Since CAIR reductions have been determined to satisfy BART for SO, (and also
NO,), the same mechanisms under CAIR will also address BART for H,SO,. The modeling analyses
performed, therefore, address the visibility impacts due to primary PM;, (filterable and organic condensable)
emissions from Cheswick unit, with and without sulfates (i.e., inorganic condensables, assumed to be sulfuric
acid mist).

Source-Specific BART Modeling Report: Cheswick Power 2-1 January 2007
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Table 2-1: Cheswick Power Station Modeling Emissions Parameters

Stack Parameters Units Unit 1
X Location UTM 17, NAD83 km 602.397
Y Location UTM 17, NAD83 km 4488.209
Stack Height m 228.6
Base Elevation m 230.7
Diameter m 6.4
Gas Exit Velocity m/s 31.0
Stack Gas Exit Temperature deg K 441
S0, @ Ib/hr n/a
NOx" Ib/hr n/a
PM1q Filterable Ib/hr 116
PM1o Condensable Ib/hr 301
Total PM4o ® Ib/hr 417
PMy, Filterable
Coarse Matter Ib/hr 64.5
Fine Soil Ib/hr 49.6
Fine Elemental Carbon Ib/hr 1.9
PM, Condensable
Inorganic (H2S04) Ib/hr 241
Organic Ib/hr 60.1
T7)SO and NO are not BART-applicable for EGU sources in CAIR states.
Inorganic PM X(HZSO4) results from trace conversion of 802 which will be
addressed under CAIR.
2) Total PM10 is the sum of filterable PM10 plus condensable PM10
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3.0 Input Data to CALPUFF Model

3.1 General Modeling Procedures

Although MANE-VU has processed a single year of data for use in BART assessments, a better (3-year)
database is available for parts of Pennsylvania (including the Cheswick Power Station) that lie within the
VISTAS modeling domain. VISTAS has developed five sub-regional 4-km CALMET meteorological databases
for three years (2001-2003). The sub-regional modeling domains are strategically designed to cover all
potential BART eligible sources within VISTAS states and all PSD Class | areas within 300 km of those
sources. The extents of the 4 km sub-regional domains are shown in Figure 4-4 of the VISTAS common
BART modeling report. The BART modeling for the Cheswick station was done using the 4-km subdomain #5.

USGS 90-meter Digital Elevation Model (DEM) files were used by VISTAS to generate the terrain data at 4-km
resolution for input to the 4-km sub-regional CALMET run. Likewise, USGS 90-meter Composite Theme Grid
(CTG) files were used by VISTAS to generate the land use data at 4-km resolution for input to the 4-km sub-
regional CALMET run.

Three years of MM5 data (2001-2003) were used by VISTAS to generate the 4-km sub-regional
meteorological datasets. See Sections 4.3.2 and 4.4.2 in the VISTAS common BART modeling report for
more detail on these issues.

All of the modeling for the Cheswick plant used the 4-km subdomain #5. A smaller computational grid within
the VISTAS subdomain #5 was designed to minimize computation time and output file size. The Cheswick
computational grid domain covers distances of 432 km W-E and 352 km N-S and is shown in Figure 3-1. This
domain includes three Class | areas with 50 km buffer N-S and 100 km buffer W-E, plus a nearly 50-km buffer
around the source (up to the limit of the VISTAS sub-domain northern boundary).

3.2 Model Selection and Features

As noted in the VISTAS report, this modeling uses the BART-specific versions of CALMET and CALPUFF that
have been posted at http://www.src.com. These versions contain enhancements funded by the Minerals
Management Service (MMS) and VISTAS. They are maintained on TRC’s Atmospheric Studies Group
CALPUFF website for public access. This release includes CALMET, CALPUFF, CALPOST, CALSUM, and
POSTUTIL as well as CALVIEW.

The major features of the CALPUFF modeling system, including those of CALMET and the post processors
(CALPOST and POSTUTIL) are referenced in Section 3 of the VISTAS report.

3.3 Technical Options Used in the Modeling

CALMET modeling for the VISTAS-provided 4-km subdomains was pre-determined by the VISTAS contractor,
and, therefore, we assume that VISTAS approves of the manner in which CALMET has been run for the
subdomain data that they provide.

For CALPUFF model options, the Cheswick plant followed the VISTAS common BART modeling report, which
states that the IWAQM (EPA, 1998) guidance should be used. The VISTAS report also notes that building
downwash effects are not required to be included unless the state directs the source to include these effects.

Source-Specific BART Modeling Report: Cheswick Power 3-1 January 2007
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3.4 CALPUFF Modeling Domain and Receptors

The initial baseline emissions modeling runs used the 4-km subdomain #5 CALMET data run in observation
mode with surface stations, upper air stations and precipitation data stations, supplied by VISTAS, as
discussed above. This domain includes all Class | areas within 300 km of the source, plus buffers.

The receptors used for each of the Class | areas are based on the National Park Service database of Class |
receptors, as recommended by VISTAS.

Source-Specific BART Modeling Report: Cheswick Power 3-2 January 2007
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Figure 3-1 Cheswick CALPUFF Computational Grid in Relation to the VISTAS Subdomain #5
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4.0 Air Quality Modeling Procedures

This section provides a summary of the modeling procedures outlined in the VISTAS report that was used for
the refined CALPUFF analysis conducted for the Cheswick Power Station.

41  Air Quality Database

Hourly measurements of ozone from all non-urban monitors, as generated by VISTAS and available on the
VISTAS CALPUFF page on the TRC web site http://www.src.com/verio/download/sample_files.htm, were
used as input to CALPUFF. Currently, VISTAS advises sources to use a background ammonia concentration
of 0.5 ppb, and not to use the ammonia limiting method. However, since there are no NO, emissions being
considered in this application, the results are not sensitive to the ammonia concentration used.

4.2 Light Extinction and Haze Impact Calculations

The CALPOST postprocessor was used for the calculation of the impact from the modeled source’s primary
and secondary particulate matter concentrations on light extinction. The formula that is used is the existing
IMPROVE/EPA formula, which is applied to determine a change in light extinction due to increases in the
particulate matter component concentrations. Using the notation of CALPOST, the formula is the following:

bext = 3 f(RH) [(NH4)2S04] + 3 f(RH) [NHsNO3] + 4[OC] + 1[Soil] + 0.6[Coarse Mass] + 10[EC] + bgay

The concentrations, in square brackets, are in pg/m3 and bey is in units of Mm™. The Rayleigh scattering term
(bray) has a default value of 10 Mm™, as recommended in EPA guidance for tracking reasonable progress
(EPA, 2003a).

Dr. Ivar Tombach, consultant to VISTAS, has provided a spreadsheet calculation system (see Appendix C)
that incorporates the revised IMPROVE equation for determining light extinction from particulate concentration
estimates. Reliant Energy elected to use this approach instead of the old/current IMPROVE equation in the
presentation of the BART evaluation modeling results due to the better performance of the new IMPROVE
equation.

The old/current IMPROVE algorithm does not incorporate the effects of naturally occurring sea salt on
background visibility, but the new algorithm does account for this effect. Therefore, the modeling effort
incorporated this effect into the present CALPUFF framework by using the guidance provided by Dr. Ivar
Tombach. Tables 4-1 lists sea salt concentrations and Raleigh coefficients that were used in Dr. Ivar
Tombach’s new IMPROVE equation.

Table 4-1 Sea Salt Concentrations and Raleigh Scattering Coefficients

Shenandoah NP Dolly Sods W Otter Creek W
Sea Salt Concentration (ug/m3) 0.02 0.02 0.02
Raleigh Scattering Coefficient 10 10 10
(Mm-1)
Source-Specific BART Modeling Report: Cheswick Power 4-1 January 2007
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The assessment of visibility impacts at the Class | areas used CALPOST Method 6. Each hour’s source-
caused extinction is calculated by first using the hygroscopic components of the source-caused concentrations
due to ammonium sulfate and nitrate (not relevant for EGUs in CAIR states except for H,SO, emissions) and
monthly Class | area-specific f(RH) values. The contribution to the total source-caused extinction from
ammonium sulfate and nitrate is then added to the other, non-hygroscopic components of the particulate
concentration (from coarse and fine soil, secondary organic aerosols, and from elemental carbon) to yield the
total hourly source-caused extinction.

The EPA BART rule significance threshold for the contribution to visibility impairment is 0.5 deciviews,
corresponding to the limit of perceptibility for haze effects. The VISTAS model approach indicates that with the
use of the 4-km sub-regional CALMET database, a source does not cause or contribute to visibility impairment
if the 98" percentile (or 8th highest) day’s change in extinction from natural conditions does not exceed 0.5
deciviews for any of the modeled years. As an added check, the 22M highest prediction over the three years
modeled should also not exceed 0.5 deciviews for a source to be considered not to have a perceptible regional
haze impact.

Figure 4-1 of the VISTAS common BART modeling report presents a flow chart showing the components of
that modeling report for the analysis to determine whether a source is subject to BART. Again, it should be
noted that the modeling for the Cheswick Power Station focused on sub-regional fine-scale modeling as
depicted in the upper half of the figure.

4.3 Natural Conditions and Monthly f(RH) at Class | Areas

Three Class | areas (Shenandoah NP, Otter Creek W, and Dolly Sods W) were modeled for the Cheswick
Power Station. For these Class | areas, natural background conditions were established in order to determine
a change in natural conditions related to a source’s emissions. For the BART evaluation modeling, natural
background light extinctions shown in Table 4-2 were used, modified as noted below with site-specific
considerations, and corresponding to the annual average (EPA 2003, Appendix B), consistent with the July 19,
2006 EPA guidance to Region 4 on this issue (“Regional Haze Regulations and Guidelines for Best Available
Retrofit Technology (BART) Determinations”, Joseph W. Paise/ EPA OAQPS to Kay Prince/Branch Chief).

Table 4-2 Background concentrations used as input to CALPUFF

Components of Natural Background Concentrations (ug/m°)

Component Represented
Shenandoah NP Dolly Sods W Otter Creek W

Soil (PM fine) 10.98 11.13 11.15

To determine the input to CALPOST, it is first necessary to convert the deciviews to extinction using the
equation:

Extinction (Mm'1) = 10 exp(deciviews/10).

For example, for Shenandoah, 7.41 deciviews is equivalent to a visibility extinction of 20.98 inverse
megameters (Mm™); this extinction excludes the default 10 Mm-1 for Rayleigh scattering. This remaining
extinction is due to naturally occurring particles, and is held constant for the entire year’s simulation.
Therefore, the data provided to CALPOST for Shenandoah would be the total natural background extinction
minus 10 (expressed in Mm'1), or 10.98. This is most easily input as a fine soil concentration of 10.98 pg/m3 in
CALPOST, since the extinction efficiency of soil (PM-fine) is 1.0 and there is no f(RH) component. The
concentration entries for all other particle constituents would be set to zero, and the fine soil concentration
would be kept the same for each month of the year. The monthly values for f(RH) for input to CALPOST were

Source-Specific BART Modeling Report: Cheswick Power 4-2 January 2007
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taken from "Guidance for Tracking Progress Under the Regional Haze Rule" (EPA, 2003) Appendix A, Table
A-3.

4.4 Quality Assurance Procedures

Section 6 of the VISTAS BART Protocol (Revision 3.2 — 8/31/06) establishes QA procedures for ensuring that
BART modeling applications satisfy the regulatory objectives of the BART program. In order to document that
proper QA/QC procedures were applied in the execution of the BART evaluation modeling for Cheswick,
ENSR provides the following question and answer format to demonstrate that proper QA procedures were in
place for this particular application:

1) Did we use the test met file to "benchmark" our use of the CALMET files on our computers? (see p. 59, sec
6.2, first paragraph, last two sentences)

Response: ENSR has conducted this test successfully. The equivalency demonstration can be found in the
modeling archive, in the zip file “ExampleBARTSimulation.zip”. The zip file contains a readme file that
describes the contents of the zip file.

2) The VISTAS BART protocol mentions on page 60, second full paragraph, a list of QA checks to perform on
model inputs.

Response: ENSR has conducted numerous CALPUFF analyses, and uses CALDESK animation software as
well as Lakes Environmental CALVIEW software with base maps to visualize the sources, receptors, and
meteorology. ENSR also uses the CALPUFF QA output files in conjunction with ArcMap GIS software to plot
the locations of the sources and receptors as CALPUFF interprets them from the input data. The output files
from CALPUFF and CALPOST were reviewed independently by ENSR staff to assure accuracy and
compliance with approved regulatory procedures.

3) Common practice requires that a model project CD be created that contains all the data and program files
needed to reproduce the model results presented in the report (see VISTAS BART protocol, page 60, third full
paragraph).

Response: All files generated from the CALPUFF runs are carefully documented in a separate modelers data
archive. This is a complete package that any reviewer can use to recreate the modeling results.

4) For source-specific domain, the grid parameters should be specified as part of the source-specific protocol
(see VISTAS BART protocol, page 60, last sentence).

Response: Meteorological and computations grid parameters are routinely specified in BART modeling
protocols. We have provided a source-specific protocol for the meteorological data used in this analysis.

5) CALMET switch settings in the control file should be reviewed. (see VISTAS BART modeling protocol,
page 61, first paragraph)

Response: ENSR is using CALMET switches consistent with those used in the subdomain data provided
directly from VISTAS, and so we are inherently accepting the approved control file settings used by the
VISTAS contractor.

6) Quality assurance of the source and emissions data is a major component of the CALPUFF modeling (see
VISTAS BART protocol page 61, Section 6.2.3)

Response: ENSR has worked closely with the Reliant Energy environmental staff to review the stack exhaust
parameters and the peak daily emission rates for the pollutants being modeled in CALPUFF.

Source-Specific BART Modeling Report: Cheswick Power 4-3 January 2007
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7) Quality control of application of CALPOST and POSTUTIL is also important (see VISTAS BART protocaol,
page 62, Section 6.2.4)

Response: ENSR has considerable experience with CALPUFF system modeling, including the POSTUTIL and
CALPOST portions of the modeling. The procedures used by ENSR are consistent with the guidance in the

VISTAS protocol and with approved approaches used by ENSR in other BART applications and in recent PSD
permit applications.
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5.0 Modeling Results

The BART modeling results for Unit 1 at Cheswick are provided in Table 5-1. The table lists regional haze
impacts with sulfates and without sulfates modeled (sulfates result from conversion of SO, a pollutant for
which BART is already satisfied due to regulation under CAIR). The table indicates that the 8th highest day’s
impacts for each year and each Class | area, even including measured sulfates, are below 0.5 delta dv, with
the maximum impact equal to 0.26 delta dv. These results demonstrate that even when sulfates are included,
Cheswick PM,, emissions do not cause or contribute to regional haze in any Class | area within 300 km of the
source according to the perceptibility threshold in EPA’s BART rule.

It is also useful to list the non-sulfate portion of the visibility impact from the Cheswick Station, since regional
CAIR controls on SO, will also effectively control regional emissions of sulfates (H,SO,). The highest og™
percentile (8" highest) impact for the non-sulfate particulate emissions from Cheswick Unit 1 is about 0.03
delta deciviews.

In conclusion, Reliant Energy believes that no further BART analysis is warranted because:

1) SO, and NOy controls are covered under the CAIR rule. Resulting reductions in regional SO, will likewise
reduce the formation of sulfates (H,SO,) that result from inorganic condensable PM emissions.

2) Total PM4, impacts (even including sulfates) are below the EPA-specified 0.5 delta-deciview regional haze
perceptibility threshold, with the maximum impact equal to 0.26 delta dv.

3) Most of these impacts are due to sulfuric acid mist emissions, which the regional implementation of CAIR
will effectively address.

4) The remaining visibility impact (filterable and organic condensable PM,j) is well below the 0.10 delta-
deciview threshold, a threshold that MANE-VU considers to be so low that additional BART analysis is not
required.

Appendix B lists delta-deciview results (with and without sulfates) for the top 22 days for each year modeled at
the highest impacted Class | area - Shenandoah National Park.
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Table 5-1 Summary of Results — Cheswick BART Modeling

ENSR

2001 2002 2003
# of " # of " # of "
Max 24- 8 Max 24- 8 Max 24- 8
Class | Area days hr Highest | oS hr Highest | oS hr Highest
with impact impact with impact impact with impact impact
impact (dv) (dv) impact (dv) (dv) impact (dv) (dv)
>0.5dv >0.5dv >0.5dv
Impacts with Sulfates using New IMPROVE equation
Dolly Sods W 0 0.42 0.17 0 0.41 0.19 0 0.25 0.13
Otter Creek W 0 0.47 0.18 0 0.43 0.16 1 0.69 0.15
Shenandoah NP 0 0.40 0.26 1 0.57 0.20 0 0.35 0.18
Impacts without Sulfates using New IMPROVE equation
Dolly Sods W 0 0.05 0.02 0 0.04 0.02 0 0.03 0.02
Otter Creek W 0 0.05 0.02 0 0.05 0.02 0 0.06 0.02
Shenandoah NP 0 0.05 0.03 0 0.07 0.02 0 0.03 0.02
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RE BART Modeling Protocol Comments 18 December 2006

From: Paine, Bob [BPaine@ensr.aecom.com]
Sent: Monday, December 18, 2006 5:16 PM

To: Leon-Guerrero, Timothy

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

Tim,
We are available at 2 PM EST on Wednesday. We'll provide a call-in number tomorrow.

Bob

From: Leon-Guerrero, Timothy [mailto:tleonguerr@state.pa.us]
Sent: Monday, December 18, 2006 3:08 PM

To: Paine, Bob

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

Bob,

Nancy and | are available Wednesday afternoon and all day Thursday. Let us know a time, data and call-in number. We can discuss
any outstanding issues at that time.

Timothy A. Leon Guerrero
Chief, Air Quality Modeling Section
Harrisburg, PA

717 783-9243
tleonguerr@state.pa.us

From: Paine, Bob [mailto:BPaine@ensr.aecom.com]
Sent: Monday, December 18, 2006 1:53 PM

To: Leon-Guerrero, Timothy

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

Tim,

| have conferred with John Shimshock of Reliant Energy on these preliminary comments (John's e-mail address had a typo, so |
forwarded the comments to him separately). Our initial responses to your comments are provided below, provided after each comment
in brackets. So as not to delay this procedure any further with the holidays approaching, | wonder if we could have a conference call
on Wednesday or Thursday this week to finalize our BART modeling procedures. The completion date of January 10, 2007 looks
somewhat doubtful at this point, but we expect quite low impacts from well-controlled PM10 emissions, and Reliant Energy believes
that the impacts of the PM10 emissions are either so low that even zero emissions would achieve very little visibility improvement, and
also that the ESP controls are already highly efficient, so that no further BART controls are practical.

Bob
Consultant: ENSR/AECOM (ENSR)
Companies: Reliant Energy, Conemaugh Plant, Indiana County

Reliant Energy, New Castle Power Plant, Lawrence County

Reliant Energy, Keystone Power Plant, Armstrong County

Reliant Energy, Portland Generating Station, Northampton County

Reliant Energy, Cheswick Power Station, Allegheny County
General Comments:

All modeling activities should be fully documented. Please include all reference documents and ensure copies are sent to the
appropriate regional offices.

Please include an electronic version of the modeling protocol (with any changes regarding my comments) with the modeling analysis.
[Paine: Reliant Energy should have no problem complying with these requests.]

CALMET Comments:
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ENSR plans to use the same MM5 used in the MANE-VU modeling analysis.
The applicant will have to provide proper documentation if the 12-km data set indicates a more refined grid will be needed.

[Paine: yes, we are agreeing to use the highest day's prediction for the exemption test as a screening procedure due to the limitations
of the MANE-VU database. We have a follow-up question regarding exemption below.]

CALPUFF Comments:

The modeling domains appear to maintain the 50-km buffer between the source/receptors and the model boundaries. Does ENSR
believe its lateral boundaries are chosen well enough to prevent individual puffs from leaving the modeling domain that could have had
an effect on the Class | receptors (reentered the domain)?

[Paine: a buffer of 50 km is typically approved by the Federal Land Managers. For the plants in western PA, due to the large north-
south distance to be covered, we would agree to expand the east-west buffer zone to 100 km.]

Please document the reasoning behind the 1.0 ppb ammonia background concentration used in the CALPUFF modeling.

[Paine: thatis what is used in the MANE-VU modeling. Since NOx emissions are not being modeled, the selection of the ammonia
background will not affect the results.]

Please indicate which version of CALPUFF is used in the modeling analysis.

[Paine: the MANE-VU CALMET system was run with an older version of the model. For consistency, we need to use the following
model versions:

CALPUFF: Version 5.711a, Level 040716
CALPOST: Version 5.51, Level 030709]

Emission rates were included for all BART eligible units. Could ENSR provide a reason why there are some significant differences in
the PM10 emission rates between the two units at Keystone and Conemaugh? Also, the Keystone stack parameters do not appear to
reflect the installation of scrubber and the construction of a new stack. Does Reliant intend to model its new scrubbed stacks at
Keystone?

[Paine: the PM10 emissions are derived from the available stack tests.
Due to boiler differences, the stack tests had different results. We are using the results of the stack tests directly.

We are modeling regional haze rule baseline conditions that existed during the defined period of 2000-2004. Future stack changes as
a result of the Clean Air Interstate Rule or other factors are not accounted for in the BART exemption modeling. In any case, though,
the long-range travel involved for the Class | areas to be evaluated would likely make the stack height and plume rise differences
immaterial in the results.]

CALPOST/Presentation of Results:

Please follow the VISTAS reporting outlined in section 4.5 of the VISTAS modeling protocol. Please note that Pennsylvania and other
MANE-VU states are not using a visibility threshold limit in their analysis.
Therefore all model output should be included.

[Paine: all modeling results will be presented. We have proposed, however, that a modeling result below the EPA BART rule specified
threshold of 0.5 delta deciviews will lead to a finding of no required BART determination analysis for PM10 for each plant involved in
the BART analysis. If this is not what PA DEP will agree to, please specify an alternative analysis or threshold for this determination.
Basically, we are modeling only PM10 for these plants, which are already well controlled for PM10 with electrostatic precipitators.
Therefore, no further BART controls for PM10 emissions would be proposed.] ----- Original Message-----

From: Leon-Guerrero, Timothy [mailto:tleonguerr@state.pa.us]

Sent: Thursday, December 14, 2006 2:06 PM

To: Paine, Bob

Cc: Herb, Nancy; jshimsock@reliant.com

Subject: BART Modeling Protocol Comments

Bob,

| attached some comments regarding the BART Modeling protocols you sent me. These are informal and general in nature. | need to
figure out how I'm going to get them out to the region and the companies themselves at a later date. Let me know if you have any
questions (I will be out until Monday after today).

Timothy A. Leon Guerrero

Chief, Air Quality Modeling Section
Harrisburg, PA

717 783-9243
tleonguerr@state.pa.us
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BART modeling protocol - Cheswick Power Station 21 December 2006

From: Shimshock, John

Sent: Thursday, December 21, 2006 11:50 AM

To: 'tleonguerr@state.pa.us'

Cc: 'Paine, Bob'; 'jmaranche@achd.net'

Subject: BART modeling protocol - Cheswick Power Station

Attachments: BART Modeling Protocol - Cheswick - 02Nov.pdf
Good day Tim,

I’'m following-up on my recent conversations with Jason Maranche of the Allegheny County Health Department (ACHD). Jason
mentioned that you and others from the ACHD discussed the BART modeling protocol for Reliant's Cheswick facility. Per Jason’s
request, please find attached the subject protocol. The proposed modeling procedures for Cheswick are the same as described in our
protocols for the Conemaugh, Keystone, New Castle and Portland facilities. ENSR will conduct the modeling in accordance with the
protocol and your comments as discussed during our recent correspondence. Reliant Energy expects to submit the BART analysis
reports for all 5 of our facilities to the PA DEP by January 31, 2007. A copy of the BART analysis report for Cheswick will be submitted
to the ACHD. Please contact me if you have any questions or comments. Thanks again for you assistance with this project. Happy
Holidays!

John Shimshock
Reliant Energy, Inc.
(724) 597-8405

RE BART Modeling Protocol Comments 04 January 2007

From: Leon-Guerrero, Timothy [tleonguerr@state.pa.us]
Sent: Thursday, January 04, 2007 9:34 AM

To: Paine, Bob

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

In my mind this would be the most preferred option. Just make sure you follow the VISTA's protocol and in particular the sections
regarding what model results to present.

Timothy A. Leon Guerrero
Chief, Air Quality Modeling Section
Harrisburg, PA

717 783-9243
tleonguerr@state.pa.us

From: Paine, Bob [mailto:BPaine@ensr.aecom.com]
Sent: Thursday, January 04, 2007 9:27 AM

To: Leon-Guerrero, Timothy

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

Tim,

As | recall during our conference call with you and Nancy before Christmas on the Reliant BART protocols, the PA DEP would accept
the use of the VISTAS 3-year met data set (subdomain 5) for sources in SW Pennsylvania. It is our recent experience that this data set
is more robust than the MANE-VU data because it has a finer grid spacing (4 km vs. 12 km) and encompasses 3 years rather than just
1 year for the MANE-VU data. If we were to use the VISTAS three years, we would report the 98th percentile statistics.

So, can we use the VISTAS data for Reliant BART assessments for Keystone, Conemaugh, Cheswick, and New Castle as an option?
We do not see this as a major schedule impediment, and would still be able to complete the BART assessments this month.

Regards,
Bob Paine, CCM, QEP

Technical Director
Direct line 978.589.3164
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ENSR Corporation
2 Technology Park Drive
Westford, MA 01886

fax:  978.589.3374
e-mail: bpaine@ensr.aecom.com

From: Leon-Guerrero, Timothy [mailto:tleonguerr@state.pa.us]
Sent: Monday, December 18, 2006 3:08 PM

To: Paine, Bob

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

Bob,

Nancy and | are available Wednesday afternoon and all day Thursday. Let us know a time, data and call-in number. We can discuss
any outstanding issues at that time.

Timothy A. Leon Guerrero
Chief, Air Quality Modeling Section
Harrisburg, PA

717 783-9243
tleonguerr@state.pa.us

From: Paine, Bob [mailto:BPaine@ensr.aecom.com]
Sent: Monday, December 18, 2006 1:53 PM

To: Leon-Guerrero, Timothy

Cc: Herb, Nancy; Shimshock, John

Subject: RE: BART Modeling Protocol Comments

Tim,

| have conferred with John Shimshock of Reliant Energy on these preliminary comments (John's e-mail address had a typo, so |
forwarded the comments to him separately). Our initial responses to your comments are provided below, provided after each comment
in brackets. So as not to delay this procedure any further with the holidays approaching, | wonder if we could have a conference call
on Wednesday or Thursday this week to finalize our BART modeling procedures. The completion date of January 10, 2007 looks
somewhat doubtful at this point, but we expect quite low impacts from well-controlled PM10 emissions, and Reliant Energy believes
that the impacts of the PM10 emissions are either so low that even zero emissions would achieve very little visibility improvement, and
also that the ESP controls are already highly efficient, so that no further BART controls are practical.

Bob
Consultant: ENSR/AECOM (ENSR)
Companies: Reliant Energy, Conemaugh Plant, Indiana County

Reliant Energy, New Castle Power Plant, Lawrence County

Reliant Energy, Keystone Power Plant, Armstrong County

Reliant Energy, Portland Generating Station, Northampton County

Reliant Energy, Cheswick Power Station, Allegheny County
General Comments:

All modeling activities should be fully documented. Please include all reference documents and ensure copies are sent to the
appropriate regional offices.

Please include an electronic version of the modeling protocol (with any changes regarding my comments) with the modeling analysis.
[Paine: Reliant Energy should have no problem complying with these requests.]
CALMET Comments:

ENSR plans to use the same MM5 used in the MANE-VU modeling analysis.
The applicant will have to provide proper documentation if the 12-km data set indicates a more refined grid will be needed.
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[Paine: yes, we are agreeing to use the highest day's prediction for the exemption test as a screening procedure due to the limitations
of the MANE-VU database. We have a follow-up question regarding exemption below.]

CALPUFF Comments:

The modeling domains appear to maintain the 50-km buffer between the source/receptors and the model boundaries. Does ENSR
believe its lateral boundaries are chosen well enough to prevent individual puffs from leaving the modeling domain that could have had
an effect on the Class | receptors (reentered the domain)?

[Paine: a buffer of 50 km is typically approved by the Federal Land Managers. For the plants in western PA, due to the large north-
south distance to be covered, we would agree to expand the east-west buffer zone to 100 km.]

Please document the reasoning behind the 1.0 ppb ammonia background concentration used in the CALPUFF modeling.

[Paine: that is what is used in the MANE-VU modeling. Since NOx emissions are not being modeled, the selection of the ammonia
background will not affect the results.]

Please indicate which version of CALPUFF is used in the modeling analysis.

[Paine: the MANE-VU CALMET system was run with an older version of the model. For consistency, we need to use the following
model versions:

CALPUFF: Version 5.711a, Level 040716
CALPOST: Version 5.51, Level 030709]

Emission rates were included for all BART eligible units. Could ENSR provide a reason why there are some significant differences in
the PM10 emission rates between the two units at Keystone and Conemaugh? Also, the Keystone stack parameters do not appear to
reflect the installation of scrubber and the construction of a new stack. Does Reliant intend to model its new scrubbed stacks at
Keystone?

[Paine: the PM10 emissions are derived from the available stack tests.
Due to boiler differences, the stack tests had different results. We are using the results of the stack tests directly.

We are modeling regional haze rule baseline conditions that existed during the defined period of 2000-2004. Future stack changes as
a result of the Clean Air Interstate Rule or other factors are not accounted for in the BART exemption modeling. In any case, though,
the long-range travel involved for the Class | areas to be evaluated would likely make the stack height and plume rise differences
immaterial in the results.]

CALPOST/Presentation of Results:

Please follow the VISTAS reporting outlined in section 4.5 of the VISTAS modeling protocol. Please note that Pennsylvania and other
MANE-VU states are not using a visibility threshold limit in their analysis.
Therefore all model output should be included.

[Paine: all modeling results will be presented. We have proposed, however, that a modeling result below the EPA BART rule specified
threshold of 0.5 delta deciviews will lead to a finding of no required BART determination analysis for PM10 for each plant involved in
the BART analysis. If this is not what PA DEP will agree to, please specify an alternative analysis or threshold for this determination.
Basically, we are modeling only PM10 for these plants, which are already well controlled for PM10 with electrostatic precipitators.
Therefore, no further BART controls for PM10 emissions would be proposed.] ----- Original Message-----

From: Leon-Guerrero, Timothy [mailto:tleonguerr@state.pa.us]

Sent: Thursday, December 14, 2006 2:06 PM

To: Paine, Bob

Cc: Herb, Nancy; jshimsock@reliant.com

Subject: BART Modeling Protocol Comments

Bob,

| attached some comments regarding the BART Modeling protocols you sent me. These are informal and general in nature. | need to
figure out how I'm going to get them out to the region and the companies themselves at a later date. Let me know if you have any
questions (I will be out until Monday after today).

<<ENSR.doc>>

Timothy A. Leon Guerrero

Chief, Air Quality Modeling Section

Harrisburg, PA

717 783-9243
tleonguerr@state.pa.us
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Appendix B

CALPOST List Files for Shenandoah National Park
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CALPOST Output With Sulfates

OUTPUT (baged on new IMPROVE &lgorithm ) —-=sssscssascamcaas

Mizwe
YEARDAY HR RECEPTOR COORDINATES (km) BEXT{Source BEXT{BKG BEXT{Total) %CHANGE nn:%'. bsSD4 bsNO3 bsOC bsEC  bsPMC bsPMF baNDZ Rank mmhnmmu] Adv
001 309 0 433 1597.779 24.051 0.817 20.48 21.306 0724 O 006 0006 001 0016 0 1 AT DA
2001 255 0 474 1G09.952  36.007 0796 2141 22.211 3.78 a-s 0.72% 0 0044 0005 0006 0.012 0 i ma ?.nL 0.37
001 zA2 0 4313 1597.779  24.051 0.652 0,567 21.326 3.20 83 0.583 O 0O04E 0005 0006 0.013 0 3 TS 26 03l
01 20 474 1E09.952  36.007 0614 20.57 21.194 3.03 82 0548 0 0045 0005 0006 0.012 0 4 TS 721 03o
001 160 0 Ire 159796 9.023 0.609 20,90 21519 2.95 &% 0.54% 0 004 0004 0005 0.011 0 5 TEs 737 029
001 196 0 250 LSTETA6  -3L.082 0.588 104 21838 .83 25 0.532 O 0016 0004 0005 001 0 [T 744 032
01 9 0 497 1E0LI4D PA.53G 0,544 20,57 11022 .88 22 0484 0004 0004 0005 0.011 0 R T R - TR 1)
001 317 0 448 160285  28.823 0.539 20.48 21.023 2.67 21 0.477 0 004 0004 D0DE 0.011 0 B 743 TAT 026
001 220 Ire 1596556 B.731 0.580 zL41 21972 2.85 25 0.504 0 0032 0003 0003 0.008 0 9 TET  TEL D26
001 357 0 474 1609952 36.007 0.511 0.57 21059 2.52 22 0454 0 0037 0004 DODE 001 0 10 TA6 T2 025
001 260 474 1G09.952  36.007 0.503 0,57 21.050 .48 22 0448 0 0016 0004 0004 001 0 11 Ta46 T2l 024
001 1520 397 1593818 0.643 0414 0,57 20.991 .04 82 0.36% 0 003 0003 0004 0.008 0 12 Tal 721 020
001 105 0 417 1597071 20.142 0,386 20,10 20.498 2.00 50342 0 0015 0004 0006 0.009 o 13 TIE 88 020
001 194 0 09 I5FLE6  -43.367 0407 ZL.04 21455 1.96 86 0.3EF 0 002 0003 0.004 0.007 o 1 TEI 7ad oe
001 134 0 I3 IS9LTI6  -1.559 0384 20,57 20,550 1.89 22 0343 0 002E 0003 0003 0.007 o 15 Tap T2 09
001 26 0 456 L50E051 20756 0,350 ZL41 21,800 1.84 25 0,359 0 002F 0002 0002 0.006 o 16 TI% TEL DR
001 198 0 472 1597302 3336 0382 2104 21.400 1.74 26 0328 00022 0002 0003 0.006 o 17 TEl LX T R
001 310 0 299  159LI48  -14.071 0.306 20.48 20.757 1.52 81 0.272 0 0023 0002 0.002 0.006 0 31 T3 AT OIS
001 195 0 347 1593818 0.643 0323 2104 21.370 1.56 26 0.204 0002 0002 0002 0.005 0 18 TS5 744 QIS
01 560 474 1G09.952  36.007 0.307 20,33 20,542 1.53 T 0269 0 0025 0002 0004 0.007 0 I TS TI0 0US
001 1510 483 1G07.037  42.031 0304 0,57 20,879 1.50 82 02712 0 002F 000 0002 0.006 0 3. T36 T2l OIS
01 82 0 483 1E0F.037 42031 0,305 20,10 20.406 1.54 T 0266 0 0027 0003 0.002 0.007 o 18 FI3 B8 OIS
OUTPUT (based on new IMPROVE algorithm) —--===secemcccamaaaaaa
M
YEARDAY HR RECEPTOR COORDIMATES (km) BEXT{SourceBEXT{BKGBEXT| Total) %CHANGE RH(%) bsS04 bsNO3 beDC bsEC  bsPMC boPMF baMO2 Rank dw(total) duibkg) Adv
w002 3 0 447 1G0L240 28536 1153 20.57 21.750 5.28 22 LOGS 0 0087 0000 0009 0.023 [ 1 T3 721 057
00z 318 0 3} 1S9LTI6  -3.559 0.4 20,48 21.133 3.20 &1 0573 0 004% 0005 0007 0.013 i z  TaAE AT 03
W0z 4 0 463 1609308 3211 0577 20.57 21.156 2.85 52 0.515 00042 0004 0005 0.011 [ 4 TA% T2l 028
002 185 O 485 1GOG.66 44727 0,596 21.04 21847 1.87 86 0.541 0 0037 0004 0008 001 0 RN & ! 744 028
002 23E 0 I3 1S9LTI6  -1.559 0.485 2141 21,887 .30 25 0448 00027 0003 0003 0.007 [ 5 T.E4 TEL 023
2002 142 0 343 1597013 -0.581 0.457 20.57 21.034 2.26 52 0.409 00033 0003 0003 0.000 [ 6 Ta4 TR 022
2002 255 O 325 1586461 -6.521 D450 2141 21.871 2.18 E5 0423 0 002E 0003 0002 0.007 [ T OTEI  TEl 022
007 186 O 2311 1573379 -35.573 0.427 21.04 21476 2.08 26 0388 0 D02 0003 0003 0.007 0 B TE4 744 030
002 96 0 463 1609308 3211 0.374 20,10 20,475 1.89 75 0323 00013 0003 0006 0.000 [ 9 TIT G 009
2002 141 0 448 16065 28.823 0.383 20.57 20.539 179 22 0324 0 002 0003 0.003  0.007 0 W T3 TR 0.8
2002 140 0 259  1579.21 -26.711 0,359 20.57 20.535 177 2 03 0 002 0003 0.003  0.007 0 11 T3 TR 008
00z 302 O 498 1G0Z.65  28.823 0,349 0,67 21019 1.71 &3 0311 0 0025 0003 0.003  0.007 0 1z T4} 726 007
2002 233 0 413 1597779 24051 0.381 2141 21771 1.71 25 0331 0 002 0002 0003 0.005 0 13 T3 Tl 007
2002 333 0 474 1G09.952 36007 0,332 0,48 20,813 185 21 0204 00025 0003 0003 0.007 0 M4 T3IZ TAT 08
2002 114 O 463 1609308 3211 0.322 20.10 20.422 183 75 0.27% 00029 0003 0.003  0.008 015 T4 G0 008
W0z 97 0 478 161088 3&.11 0,311 20,10 20,411 157 75 0271 0 0027 0003 0003 0.007 016 TI3 GO 008
2002 339 0 I7E 1596556 8.7l 0.285 20.57 20.851 1.41 52 0.25% 0 0021 0002 0002 0.006 0 18 735 721 0.4
W00z 95 0 25T ISTEIFD -29.789 0.287 20,10 20,387 145 75 0.24% 0 002 0003 0003 0.007 0 T 608 0.4
002 332 0 T OIS92E18 0643 0.274 20,48 20,755 1.38 21 0243 00021 0002 0002 0.006 01 T30 7T 003
w002 8 0 413 1597779 24.051 0.273 20.57 20.248 1.35 52 0.243 0002 002 0.003  0.005 0 T35 TR 0.3
W00z 50 O 397 1593818 0.643 0.259 0.33 20.593 129 79 0228 00021 0007 0002 0.006 [ R 710 013
002 81 O 498 160265 28823 0.256 20.33 20,590 1.28 79 0228 0 0021 0002 0002 0.005 [ I & ¥ 10 013
OUTPUT (based on new IMPROVE algorithm) —--==-sccemccaammaaaaa
Hew

YEARDAY HR RECEPTOR COORDIMATES (km) BEXT(Source BEXT{BKG BEXT|Total) %CHAMGE RH(%) bs504 bsNO3 bsOC bsEC  bsPMC bsPMF baNOZRank dv(toml) duibkg) Adv
003 2600 0 447 1G0LZ4D  2E.516 0.781 zL.41 22,175 360 85 0696 0 0043 0004 0007 0,011 o 1 .96 761 035
03 342 0 461 1E09.308 3211 0.E1E 20.57 21,195 3.4 22 0.549 0 004E 0005 0005 0,012 o 2 7.51 721 0.3
03 17E 0 334 ISOLFI6 1559 0.5E0 20,50 21.470 71 25 0508 0 001E 0008 0004 00l o 1 7.64 7.37 027
003 297 0 325 1586451 -G.521 D420 20.57 21.152 236 23 D422 0 0034 0003 0006 0,009 o 1 .49 726 023
03 343 0 a7 LE09.552  3G.007 0457 20.57 21.044 .30 82 0415 0 0034 0003 0006 0,009 o 5 7.44 721 023
03 154 0 AT 1597031 20.142 0.435 20,50 21.343 11 25 0392 0 002E 0003 0004 0,008 o ] 7.58 737 D21
2003 312 0 478 161088 321 0.372 20.48 20.854 L34 81 033 0 002E 0003 0004 0,007 o 7 .35 717 0
003 22E 0 448 160265  28.823 0.389 zL.41 21789 L34 25 0.35 0 002F  000E 0003 0,006 o ] 7.7 EX T T
003 174 D 334 IS9LFI6  -1N59 0.380 20.90 21.288 134 85 0342 0 0025 0003 0003 0,007 o 8 .56 737 08
03 173 0 78 1596556 8731 0,349 20,50 21256 LE9 25 0. 0 002F 0002 0002 0,006 o1z 7.54 737 047
FITER 247 1EDLI4D PE5IE 0.339 20.33 20,574 LES 90209 0 0027 0003 0003 0,007 [T 1.26 700 07
003 1770 a05  LG0E.TOL 16493 0.343 20.50 21.250 L6 a5 031 00022 0002 0002 0,006 [T .54 737 DL
003 115 O a7 LE09.552  3E.007 0.335 20.10 20,436 170 75 0.291 0 002F 0003 0004 0,008 [T 7.15 698 017
003 118 D W9 1570.71 28711 0.334 20.10 20.434 169 5029 0 0028 0003 0003 0,008 013 315 698 017
203 63 0 478 161088 321 0,319 20.33 20.554 159 79 0281 0 002E 0003 0002 0,007 [ 7.25 700 0LE
003 199 0 325 1586461 -G.521 0.327 21.04 21.374 157 25 0.297 0 002 000E 0003 0,005 [T .60 744 D16
003 291 0 198 574376 -48.498 0.313 20.67 20.583 1.54 83 028 0 002F 0002 0003 0,006 [T 7.41 726 01§
003 338 0 IETLSTEIFD 20289 0,304 20.57 20,870 150 22 0271 0 002F 0002 0003 0,006 o1 .36 721 01
003 362 0 485 1G0E.66 44727 0,300 20.57 20,875 148 22 0.2E9 0002 0002 0002 0,006 [T 1.36 721 0
003 104 0 250 LSTE.TA6  -IL0B3 0.272 20.10 20.372 138 75 0.238 00024 0002 0002 0,006 oz 112 698 014
03 103 0 433 1597779 24051 0.270 20.10 20.370 137 75 0.236 0 002 000 0002 0,006 ozl 711 698 014
003 287 0 09 15TLE6 43367 0.254 20.67 20.522 125 83 0.227 0 D0IE 0002 0002 0,005 [ .38 736 012
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CALPOST Output Without Sulfates

OUTPUT {based on new IMPROVE algorithm ) ——----=-==sccmmaes

Ficw
YEARDAY HR RECEPTOR COORDIMATES (km) BEXT(Source BEXT{BKG BEXT(Tatal) %CHANGE RH{%) bs504 bsMO3 bsOC bsEC  bsPMC bsPMF baNOZRank dw{total) dv(bkg) Adv
001 309 0 413 1597779 240051 0.083 20.48 20.576 0.48 a1 [ 0 00G1L 0006 001 0016 ] 1 722 717 00
001 28F 0 413 1597779 24051 0069 20.67 20.738 0.35 a3 ] 0 0048 0005 0006 0.0IE ] - 7.29 TR 004
001 2550 474 1609.952  3E.00F 0067 2141 21477 0.33 a8 [ 0 0044 0005 0006 0.0IZ ] 4 Ted 761 003
FLT TR AT4 1609.552 36007 0.065 20.57 20,643 0.35 [+ [ 0 0045 0005 0006 0012 ] 3 FI5 1IL 004
001 3T 0 498 1G0Z.E5  ZE.EZE 0.061 20.48 20.542 0.32 a1 o 0 004 0003 000E 001l o 5 720 717 003
001 L6D 0 ITe 15986 0023 0060 20,80 20,966 0.30 a5 o 0004 0003 D00S  0.0il o T 74D 737 003
FL TR T 447 1601240 28538 0060 20.57 20,634 0.31 [+ [ 0 004 0003 0005 0011 ] [T I 003
001 357 0 474 1609.952  3E.00F 0057 20.57 20,631 0.30 -+ ] 0 0037 0004 000s 001 ] IR 7EL 003
2001 196 0 W0 ISTE.T4E  -IL0BE 0.055 2104 21.102 0.28 25 [ 0 003E 0003 0005 0.01 0 n 7.47 744 003
01 26 0 474 1609552 36007 0.054 20,57 20.528 0.28 a2 [ 0 003E 0003 0004 0.01 0w ra I 003
001 105 0 417 1S97.0I1 20142 0.054 20.10 20.152 0.28 75 o 0 00IF 0004 0006 0009 o 5 701 698 0.03
01 27E 0 I7E IS9E556 8711 0.045 2141 21454 0.23 28 o 0 0012 0003 0003 0.008 012 T 6L 06z
001 152 0 34T IS93.818 D643 0.045 20.57 20,618 0.23 [+ [ 0 003 0003 0004 0.008 012 724 1EL 002
001 134 0 334 IS9LTI6 3559 0.041 20.57 20,614 0.21 -+ ] 0 002F 0003 0003 0.007 TR 1EL 06z
201 92 0 483 1607037  42.931 0.039 20,10 20,137 0.21 75 [ 0 0027 0003 0O0E  0.007 015 T 698 002
001 194 0 209  15TLE6 43367 0,040 2104 21085 0.20 25 [ 0 002E 0003 0004 0.007 I TR T 744 002
001 119 0 209 ISFLEG 43367 0.037 20,10 20,134 0.19 75 [ 0 0025 0003 0O0E  0.007 0 1E fa0 698 002
2001 56 0 474 1609.552 36007 0.038 20,33 20,370 0.20 79 [ 0 0025 0002 0004 0.007 T A KT 700 06z
001 198 0 472 1597302 3338 0.033 2104 21079 0.17 &5 o 0 0022 000 0003 0.006 VT 7.46 744 002
001 151 0 483 1607037 42931 0.032 20.57 20,605 0.17 -+ ] 0 0027 0002 0O0E  0.006 022 7.23 1EL 06z
2001 109 0 46T 1600497 3204 0.032 20,10 20,130 0.17 75 [ 00023 0002 0001 0.00% 0 1% T 698 002
01 810 474 1609552 36007 0.033 20,33 20.365 0.17 T [ 0 0022 0O0E 0003 0.00% 0 T 700 06z

OUTPUT (based on new IMPROVE algorithm) ——===-c-semccccccaaaa

Mow
YEARDAY HR RECEPTOR COORDIMATES (km) BEXT(SourceBEXT{BKGBEXT{Total) %CHANGE RH({% ) bs504 bsNO3 bsOC bsEC  bsPMC bsPMF baNO2Rank dwitotal) dv{bkg) Adw
oz 30 497 1601340 7RSI8 0.128 20.57 20.707 086 22 o 0 DOBET 0008 0.009 0023 ] 1 7.28 131 007
0z A1E 0 31 159L736  -1.559 0.074 20.48 20.555 0.35 a1 o 0 0045 0005 0.007 0013 ] 2 7.21 .17 004
0z 4 0 448 1602.65 78.828 0.063 20.57 20,637 0.32 a2 o 0 0047 0004 0.006 0011 0 ER 331 0.03
002 185 0 485 1G06.66  94.727 0.055 21.04 21.002 0.28 25 o 0 0037 0004 0004 001 ] 4 747 7.44 003
0 9% 0 461 1609.30B 3211 0.031 20.10 20.149 0.27 ] o 0 0033 0003 0006 0009 ] 5 701 6.98  0.03
02 142 0 343 1597.013  -0.581 0045 20.57 20,622 0.2% 22 o 00033 0003 0003 000 ] [ 231 003
0E 14 0 463 1609.30B 3211 0.043 20.10 20.141 0.23 75 o 0 002% 0003 0.003 0008 ] 7 o0 6.98  0.0F
0z 238 0 334 1590736 -1.559 0.040 2141 21.448 0.20 a8 o 0 0027 0003 0003 0007 0o 7.63 .61 0.0
002 188 0 231 1573.229 -35.573 0039 21.04 21085 0.20 25 o 0 0026 0003 0.003 0007 013 .46 744 002
02 97 0 478 1610.98 3311 0,040 20.10 20.138 021 75 o 0 0027 0003 0.003 0007 ] & o0 6.98  0.0F
02 141 0 498 1602.65 28.828 0039 20.57 20,612 0.20 22 o 0 0026 0003 0.003 0007 0 1w .23 131 002
002 140 0 259 1579.21 -ZA.711 0039 20.57 20812 0.20 a2 o 0 0026 0003 0.003 0007 I TR .21 002
002 333 0 474 1609.952 36007 0.038 20.48 20.517 0.20 a1 o 0 0025 0003 0.003 0007 I TR R L .17 0.0
00z 302 0 442 1502.65 zA.828 0.038 20.57 20,705 0.19 a3 o 0 0025 0003 0.003 0007 0 15 7.28 726 0.02
002 2550 2% 1586461 -6.521 0.038 2141 21445 0.19 a8 o 0 D026 0003 0002 0L00F T TR .61 002
0z 9% 0 257 15TE.IFD -20.7E9 0038 20.10 20,136 0.20 7™ o 0 0026 0003 0003 00T ] 5 700 6.98 0.2
0 BE 0 492 160LGZE 26728 0.030 20.33 20.362 0.8 7™ o 0002 0002 0003 0005 0 1 T a0 0.0
0E 332 0 37 1593818 0643 0.031 20.48 20,500 0.15 21 o 00021 0002 0002 .00 D18 7.8 .17 002
002 233 0 43131 1597.779  24.051 0.030 2141 21437 0.15 28 o 0002 0002 0.003 0005 0 22 1.63 161 001
0 81 0 418 1502.65 7A.A28 0.030 20.33 20.362 0.16 79 o 0 0021 0002 0002 0L005 noomm Tl .10 0.0z
0z 500 37 1593818 0643 0.031 20.33 20,363 0.15 kel o 00021 0002 0002 .00 I A A T a0 0.0
W0z & 0 433 1597.779 24051 0.030 20.57 20,602 0.8 a2 o 0002 0002 0.003 0005 1| 7.23 .21 0.0

OUTPUT {based on new IMPROVE algorithm) ——=---=—=sccmeeeeus

Ficw
YEARDAY HR RECEPTOR COORDIMATES (km) BEXT(Source BEXT{BKGBEXT{Total] %CHANGE RH(% ) bs504 bsNO3 bsOC bsEC  bsPMC bsPMF baMNO2Rank du{total) dv(bkg) Adv
03 M2 0 463 1609308 3311 0067 0,57 20,542 0.35 22 o 0 0045 0005 0005 0.0iE ] 1 7.25 LI 003
003 260 0 447 1601349 28538 0.0ES 2141 21.474 0.32 28 o 0 0043 0004 0007 0.0il ] 2 .64 6L 003
03 175 0 334 1591736 .55 0.054 20,50 20,550 028 25 o 0 0016 0004 00 001 ] 3 740 .37 003
003 343 0 a7 1609952 36.007 0.052 20,57 20,626 027 a2 o 0 0034 0003 0006 0.009 ] 4 T4 LI 003
003 297 0 325 1586461 -6.521 0.052 20,867 20.720 027 a3 [ 0 003 0003 0006 0.009 ] 5 7 LI 003
003 11E O 259 157921 -28.711 0.043 20,10 20.142 0.23 75 [ 0 0029 0003 0L003  0.008 ] 7 oo 6.98 0.0
003 115 O A 1609952 36.007 0044 20.10 20.143 0.24 75 [ 0 0029 0003 0004 0008 ] & oo 6.98 0.0
03 312 0 478 1e10.98 3311 0042 20,48 20.521 0.2 21 o 0 0O02E 0003 0004 0007 ] 5 718 .17 002
003 154 0 A17 1557021 20.142 0.043 20,590 20.5348 0.2z a5 o 0 002E 0003 0004 0.008 ] & 7am .37 0.2
03 90 0 a67 1600497 3214 0044 20,33 20.373 .21 7 o 0 0027 0003 0003 0.007 w2 .40 002
003 174 O 334 1591736 -1.559 0.038 20,90 20,5343 0.18 a5 o 0 0025 0003 0003 0.007 012 7.30 .37 0.2
03 63 0 478 161098 3311 0.035 20,33 20.370 0.20 ™ [ 0 0026 0003 0L00E  0.007 I ¥ T.11 ERT N+
003 104 0 250 1576.746  -31.082 0.034 20.10 20.132 0.18 75 [ 0 002 0002 0L00E  0.006 0 13 700 6.98 0.0
03 103 0 433 1597770 24.051 0.034 20,10 20.132 0.8 7™ o 0 002 0002 0L00F  0.006 013 R0 6.9B 002
03 33F 0 25T I5TE.IFD -20.289 0.033 20,57 20,806 0.7 22 o 0 002 0002 0003 L0046 015 7R3 ER-T N+
003 M0 198 1574376 -48.493 0.033 20,867 20.701 0.17 a3 o 0 002Z 0002 0003 0.006 (I TR & ] LI 002
003 22E 0 498 160285 28.828 0.033 2141 21.440 0.16 a5 [ 0 0O02F 0002 0L003  0.006 0 763 6L 002
03 1770 a0%  1E06.T01  16.493 0.032 20,90 20.537 0.17 a5 o 0 002F 0002 0L00F  0.006 017 7% .37 002
03 1730 378 1596556 8.731 0.032 20,590 20.937 0.17 a5 o 0 0O02F 0002 0L00E  0.006 017 730 7.37 0.2
003 362 0 485 1606.66  44.727 0.032 20.57 20,504 0.16 a2 [ 0 002F 0002 0L00F  0.006 0 1 723 LI 002
003 189 0 325 15EEMEl -6.521 0,030 2104 21075 0.15 25 o 0 00Z 0002 0003 0.00% o2 T.48 744 002
003 325 0 478 181098 3311 0.028 20.48 20.506 0.14 a1 o 0 0O0LS 0002 0L00Z  0.005 022 T.18 .17 001
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Appendix C

Re-Calculating CALPOST Visibility Outputs
with the New IMPROVE Algorithm
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Instructions:
A Postprocessor for Recalculating CALPOST Visibility Outputs
with the New IMPROVE Algorithm

Version 2
14 October 2006

Introduction

CALPOST can be used to processes outputs from CALPUFF modeling of a source’s emissions
to calculate the 24-hr average visibility impairments caused by primary and secondary particulate
matter attributable to emissions from the modeled source. Those increments are presented in two
tables, both labeled “Ranked Daily Visibility Change”, in the CALPOST output ((LST) file. The
table of interest to us has the subtitle “Modeled Extinction by Species™ and lists the dates and
locations of such incremental impacts in light extinction (bey) in ranked order, starting with the
one that represents the largest percentage change in light extinction.!

In addition, with a different setup of the control file CALPOST.INP, the CALPOST
postprocessor can be used to calculate 24-hr averages of NOy concentrations, As described
below, the outputs from that additional CALPOST run can be used to assess the visibility impact
of the NO; gas in the source plume.

Visibility effects due to particulate matter are calculated in CALPOST from CALPUFF-modeled
particulate matter component concentrations using effectively the “traditional” IMPROVE
algorithm. CALPOST allows for choice of the humidity scattering enhancement function (f{RH))
to be used with the IMPROVE algorithm: for modeling in connection with the US EPA’s
Regional Haze Regulations (RHR), the appropriate form of f{RH) is the one described and
tabulated in the EPA’s 2003 guidance for tracking progress under the RHR. Visibility effects due
to NO; are not considered in the CALPOST visibility calculation.

Recently, the IMPROVE Steering Committee developed a new algorithm for estimating light
extinction from particulate matter component concentrations. This algorithm (the “new
IMPROVE algorithm™) provides a better correspondence between the measured visibility and

! The other table in the CALPOST visibility output file, with the subtitle “% of Modeled Extinction by
Species”, provides equivalent results in terms of changes in the haze index, in deciviews. The two tables
represent the same results, with identical ranking of events, while just using different (but mathematically
related) metrics.
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that calculated from particulate matter component concentrations. The new algorithm differs in
several substantive ways from the traditional one:

¢ The extinction efficiencies of sulfates, nitrates, and organics have been changed and are
now functions of their concentrations. The extinction efficiencies of sulfate and nitrate
are no longer identical, although the new hygroscopic scattering enhancement factors
applied to them are the same.

® The concentration of particulate organic matter (POM: variously also labeled OCM or
OMC, and sometimes just called “organics™) is now taken to be 1.8 times that of the
measured organic carbon (OC) concentration. (Confusingly, CALPOST labels the
organics concentration as OC.)

¢ The contribution of fine sea salt to light extinction has been added, and 1s accompanied
by its own hygroscopic scattering enhancement factor, fi(RH).

* The light scattering by air itself (Rayleigh scattering) now varies with site elevation and
mean temperature. It is to be rounded off to the nearest one Mm™ when used with the
new algorithm.

* The light absorption by NO; gas has been added.
The new IMPROVE algorithm is represented by the following formula:®

bow = 2. 2¢fs(RH)*[small sulfate] + 4.8+f1(RH)*[large sulfate]
2. 4fs(RH)*f{small nitrate] + 5. 1+fi(RH)*{large nitrate]
£ 2.8[small organics] + 6.1+[large organics]
+10+[elemenial carbon]
+1+[fine soil] (Eq. 1)
1. 7*fss(RH)*[sea salt]
t0.6*fcoarse matter]
+Rayleigh scattering (site specific)
+0.33+[NOx(ppb) ]

The concentrations of “large” and “small” sulfate particles are calculated as follows:
[large sulfate] = {[total sulfate]/20)s[total sulfate] if [total sulfate] < 20 ug’
[large sulfate] = [total sulfate] if [total sulfate] = 20 pg/mj (Egs. 2)
[small sulfate] = [total sulfate] — [large sulfate].
Identical formulas, with changes in component names, are used for nitrate and organics. In
effect. these formulas conclude that low concentrations of these components are mainly in the
form of “small” particles with their own extinction efficiency and fs(RH), while high

* Square brackets denote concentrations.
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concentrations (approaching 20 }Lg{m") are mainly in the form of “large™ particles with a
different extinction efficiency and f;,(RH). The scaling factor [total sulfate]/20 sets the fraction of
total sulfate that is small.

The sea salt concentration is taken to be 1.8+[CI'] or, if chloride ion measurements are not
available, the chlorine concentration can be used in its place. Site specific Rayleigh scattering
values have been calculated for all IMPROVE sites.? Nitrogen dioxide concentrations are not
measured at IMPROVE sites, but the ambient NO; concentrations under natural conditions can
be expected to be negligibly small. The higher NO, concentration in a source plume may be
great enough to cause a change in visibility, however.

In order to enable CALPOST to calculate CALPUFF-modeled source impacts on visibility using
the new IMPROVE algorithm, it would have to be extensively reprogrammed. As an alternative,
such a calculation could be done “off line” by adding another layer of post processing after
CALPOST. To this end, I have developed a processor, in the form of an Excel workbook, that
takes the CALPOST “Ranked Daily Visibility Change: Modeled Extinction by Species™ output
table, referenced against default annual average natural conditions concentrations, and creates an
equivalent table of results based on the new algorithm. It can also incorporate the visibility
impact due to light absorption by NO; in the plume.

The following describes the science behind the processor (which we’ll call the CALPOST-
IMPROVE Processor) and provides instructions for using it.

Concepts

In addition to the mechanical changes imposed by all the new terms in the new IMPROVE
formula, applying the new algorithm also requires some conceptual changes. The biggest of
these is that the extinction efficiencies of sulfates, nitrates. and organics now depend on the
concentrations of those species. The practical implication of this is that extinction is no longer
linearly additive. To calculate total extinction, you cannot take a background level of extinction
and add to it CALPOST’s calculation of extinction caused by the particulate matter coming from
a source, because when the two aerosols mix in the atmosphere their combined mass
concentration results in increases in the extinction efficiencies of both the background and the
source contribution. This means that combining background particulate matter with the
particulate matter from a source gives an extinction result that is greater than the sum of the two
separate extinctions.

With the nonlinear behavior resulting from applying the new IMPROVE algorithm, the
extinction impact of the source (i.e., the increase in extinction resulting from introducing source
emissions into the atmosphere) is the sum of three parts:

1. The source impact calculated by the new IMPROVE algorithm using the CALPOST
outputs for a plume in isolation;

* Revised IMPROVE Algorithm for estimating Light Extinction from Particle Speciation Data. Report to
IMPROVE Steering Committee, November 2005.
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2. An increase in that source impact because the extinction efficiency increases when the
source’s aerosol combines with the background aerosol; and correspondingly,

3. An increase in the extinction of the background aerosol because of that same mixing.

The total new extinction is the sum of the above three components plus the original background
extinction. The original background extinction is just that calculated by the new IMPROVE
algorithm from background concentrations of the various components. without any consideration
of the effects of the plume. For this application, the background is taken to be that described by
EPA’s default natural conditions. The difference between the total extinction and the background
is the impact of the source.

More details about the calculation are given in the appendix.
Description of Processor

The CALPOST-IMPROVE Processor is a Microsoft Excel workbook that consists of four
worksheets. In Version 2 the worksheets are the following.

1. Input & Output — The output table from CALPOST is imported to here and user entries
are made for the Rayleigh scattering coefficient and, if desired, for a sea salt
concentration at the Class I area of interest. The NOy concentration on each day
attributable to the emissions from the source can also be entered together with an
assumption of what fraction of the NOy is in the form of NO,. A revised table, with
extinction based on the new IMPROVE algorithm is then presented on the same page.
This is the only page on which user input takes place, and the results of the calculations
appear on this page.

2. Calculations -- The calculations themselves are all done on this worksheet. There is no
user input to this page. The variables are explained on the worksheet itself, so the user
can find intermediate values if so inclined.

3. F(RH) — This worksheet tabulates the traditional IMPROVE f{RH) against RH, and then
also lists values for the three new humidity growth functions, f5(RIH), fi(RH), and
fss(RH). It serves as a lookup table for the “Calculations” worksheet.

4. Rayleigh & Sea Salt — This page tabulates the IMPROVE-recommended Rayleigh
scattering coefTicients for all VISTAS Class I areas and for Class I areas in adjacent
states. It also lists the average sea salt concentrations for the same locations, as tabulated
on the VIEWS web site, based on chloride or chlorine measurements by IMPROVE
monitors between 2000 and 2004, This sheet just provides information for the user; it is
not linked to the rest of the workbook. The user can obtain Rayleigh and sea salt numbers
for the Class I area of interest from this table and then manually enter them in the
designated spaces in worksheet 1.
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Instructions for Using the CALPOST-IMPROVE Processor

These instructions apply to Version 2 of the processor. Version 2 includes the ability to calculate
the light extinction effects of NO; resulting from the source’s emissions.

Step 1. Begin by opening the output ((LST) file from a CALPOST visibility calculation run in a
text editor or word processing program.”’ In the second half of the file, locate the table “Ranked
Daily Visibility Change” with the subheading “Modeled Extinction by Species™.”

Step 2. Copy this table and paste it onto a new page. Save it as a text (.txt) file, not as a formatted
(e.g., MS Word .doc or .rtf) file. The final table should contain only the column headings and the
data. Delete all other captions, any additional data summaries at the end, and blank lines before
or after the table. The processor can handle a maximum of 22 lines of data (i.e., the highest rank
in the last, unlabeled, column should be 22) plus a row of column captions. Delete any data that
exceed this limit. (Fewer than 22 lines of data are OK.) The result should look like the example
in Figure 1, although the line wrapping may differ.

Step 3. Open the CALPOST-IMPROVE Processor in Microsoft Excel. Save the open file under a
new name so that the original empty processor will remain available for future use. The front
worksheet, labeled “Input & Output™ looks like Figure 2. There is a large empty box, surrounded
by double lines, into which the table created above will be imported, as described below.® On the
right is a box into which NOy concentrations may be entered manually, and a small box below
this box is provided for entry of the user’s assumption of what fraction of that NOy is in the form
of NO,. Two smaller boxes provide for user input of the Rayleigh scattering coefficient and,
optionally, sea salt concentration for the Class I area, as described below. Results of the new
IMPROVE algorithm calculations appear in blue in the lower half of the worksheet and some
additional results, that are also useful for quality control, appear in green to the right of the large
box. At the moment, many results cells will display nonsensical numbers and error messages.
such as shown in Figure 2.

Step 4. Select the upper left cell (A7) in the large box. On the Excel menu bar, go to Data> Get
External Data and click on Import Text File.” (If the large box is not empty, click on Edit Text
Import instead.) Select the file that contains the table created in Step 2 and click on the Get Data
button. Go through the Text Import Wizard steps, checking that all values appear correctly in
separate columns. (The label “COORDINATES (km)” will be split over two columns; this is
OK.) When everything appears in order, click Finish.

* The background concentrations that were entered into CALPOST must be the EPA-prescribed defaull
annual average natural conditions concentrations for the East. The processor will not give correct answers
if other concentrations were used in CALPOST.

* For future reference in Step 7, this may also be a good time to locate the table with the same title but
with the subtitle “%0 of Modeled Extinction by Species”. which appears later in the output file.

¢ If the workbook has already been used, the boxes may not be empty. This does not matter.

" The exact wording may vary slightly between different versions of Microsoft Excel. The terminology
used here is from Excel 2004 for Macintosh.
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Figure 1. Example of CALPOST Output Table, in Proper Format for Importing into the
CALPOST-IMPROVE Processor.

Step 5.5 The “Import Data” window will appear, with cell A7 indicated as the location at which
data will be entered. Click on the Properties button. In the window that appears, select
“Overwrite existing cells with new data, clear unused cells™ and uncheck “Adjust column

YEAR DAY HR RECEPTOR

BEXT({Total) ZCHANGE

2002 175 0
25,38 3.500
2002 172 0
22.74 3.500
2002 284 0O
14.67 3.300
2002 353 0
12.18 3,100
z002 283 0O
11.65 3.300
2002 195 0
9.21 3.700
2002 20 0
§.83 3.000
2002 173 0
7.62 3.500
2002 234 0
6.87 4,100
2002 29% 0
6.80 3.300
2002 29% 0
6.69 3.300
2002 275 0
5.92 3.300
2002 263 0
5.60 4,000
2002 252 0O
5.38 4,000
2002 285 0
4.62 3,300
2002 181 ©
4.03 3.500
2002 150 o0
4.01 3.200
2002 340 0
3.84 3.100
2002 151 o
3.49 3.200
2002 180 0O
3.40 3.500
2002 346 0
3.30 3.100
2002 247 0
2.99 4.000

1027

5.401

1021

4.475

1045

2.684

1026

2.017

1026

2.269

1045
1.963
1117
1.542
1128
1.625
1021
1l.482
1021
1.284
1021
1.281
1026
1.202
1045
1.223
1026
1.166
1021
0.813
1026
0.842
1026
0.822
1140
0.663
1117
0.704
1021
0.710
1021
0.620
1021
0.654

F{RH} bxS04
1479.069
0.045 0.042
1479. 244
0.404 0.038
1484, 3248
0.428 0.033
1482.762
0.557 0.018
1482.762
0.201 0.028
1484, 348
0.031 0.015
1486.636
0.320 0.009
1479.259
0.012 0.010
1479.244
0.029 0.011
1479, 244
0.160 0.014
1479, 244
0.140 0.013
1482.762
0.058 0.009
1484. 348
0.008 0.005
1482.762
0.013 0.009
1479.244
0.179 0.001
1482.762
0.020 0.009
1482.762
0.026 0.007
1481.017
0.153 0.001
1486.636
0.033 0.007
1479.244
0.014 0.010
1479, 244
0.080 O0.002
1479.244
0.004 0.002

COORDINATES (km)
bxNO3

24.683
0.002
23.778
0.001
27.580
0.001
24,457
0.001
24,457
0.001
27.580
0.001
34.592
0.000
35.042
0.000
23.778
0.000
23.778
0.001
23.778
0.000
24,457
0.000
27.580
0.000
24,457
0.000
23.778
0.000
24.457
0.000
24.457
0.000
37.258
0.000
34.592
0.000
23.778
0.000
23.778
0.000
23.778
0.000

TYPE BEXT(Model) BEXT({BKG)
bxPMC  bxPME

b OC
o]

0.001

o

0.001

o}

0.001

v}

0.000

D

0.001

D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
o.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000
D
0.000

bxEC
5.495
0.004
4.923
0.004
3.150
0.003
2,594
0.002
2,502
0.003
2.011
0.001 6
1.872
0.001 7
1.649
0.001 g
1.524
0.001 ]
1.459
0.001 1w
1.436
0.001 11
1.270
0.001 1z
1.237
0.001 13

0.000 21
0.661
0.000 22

1

2

21.650

21.650

21.470

21.290

21.470

Z1.830

21,200

21.650

22.190

21.470

21.470

21.470

22.100

22,100

21.470

21.650

21.380

21.290

21.380

21.650

21.290

22.100

27.145

26.5732

24,620

23.884

23.972

23.841

23.072

23.299

23.714

22,929

22,906

22,740

23.337

23.289

22.462

22.523

22.237

22.107

22.125

22.385

21.993

22.761

width”, then click on OK. Now click on the K button in the “Import Data™ window.

Step 6. Assuming that your Excel application is set up to automatically recalculate whenever any
entries are changed, you should now have filled the cells in the large box on the first worksheet,

¥ If the processor already had data in it and Edit Text Impori was clicked in Step 4, then the “Import Data”

window will not appear and Step 5 can be skipped.
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1. At cell A7, import "Ranked Daily Visi
from CALPOST (22 days, max)

YEARDAY HR RECEPTOR COORDINATES (km) TYPE BEXT(Model) BEXT{BKG) BEXT({Total) %CHANGE F(RH) bx$04 bxNO3 bx0OC bxEC  bxPMC bxPMF Rank

ity Change" (bext) table, incl

3. Enter value of site-specific Rayleigh scattering coefficient, from "Rayleigh & Sea Salt”

worksheet

4. (Optional) Insert annual average sea salt concentration, from "Rayleigh & Sea Salt”

worksheet. Leave blank if not used, i.e. default is 0.

YEARDAY HR RECEPTOR COORDINATES (km) TYPE BE
L El" Dr' D? Dr' Dr' Dr' Dv'
L_of of of of o” 0 af
roor or oar ar ar or or
FoF  oF oF oF oF 0F of
F oF oF pF oF aF oF oFf
F_8F aoF af ild g oF_ of
of  oF of of oF oF  af
L D'— Dr- D? Dr. Dr- Dr- Dv'
- U'— Ur- U? Ur. Ur- Ur- Uv'
o GF ar o 0" g~ of
of _ oF ar alr fills o _of
oF  8F of aF nF Foar
of  aof of o oF of af
of of of af o oF._iF
of of of of of ot of
Fof or of o 0”07 of
] o of of of o  of
E_of o .aF i] o™ o~ of
F oF oF ar aF 0 0" ar
L or U; av UF o” 4 U;
F_of oFf of al® [i]ld of af
F oFf oF oF o il 0 af

XT(Source) BEXT(BKG)
#N/A T #N/A
#N/A T #N/A
#N /A TENfA
#NSA To#N/A
#NSA To#N/A
#N/SA T #N/A
#NSA TO#N/A
#NSA T O#N/A
#MSA TORN/A
#N/A ToRN/A
#N/A TowN/A
#N/A T o#N/A
#NA TowN/A
#N/A TowN/A
#N/A T#N/A
#NSA )
#NSS TORN/A
#NSS ToEN/A
#NSA T O#N/A
#N/A TouN/A
#N/A ToRN/A
£/ Tooen/a

BEXT(Total)

AW AW

R T TR T |

#N /A
#N/A
#N /A
#N /A
#N/A
#N /A
#NJA
#N /A
/A
#N /A
#N/A
#N /A
#N /A
#N /A
#N/A
B
#NJA
#N/A
#N /A
#N/A
#N /A
B

Yo CHAN GE

W W N WAy

SR

#NfA
#N/A
#NSA
#N A
#NfA
#N7A
#N/A
#N/A
#N/A
#N A
#N7A
#NfA
#NFA
#N/A
#N/A
#N/A
#N7A
#N/A
#N/A
#NFA
#INfA
#Nf

FL T T T T TRV I T T T |

B T TR T |

OQUTPUT (based on new IMPROVE algorithm)

N
#H A
#N/8
#H/4
#H /4
I
T
#H /A
#N/A
#H/4
T
#H b
#H /A
I
#N/A
#N/
T
#H/A
#H /A
HN/
#N/A
#N/B

T HNgA
TN/
TN

R
#
=

=

Hhu %
2223
FOEEE

LI

4
#*
=

B

bsNO3 bsOC bsgC

oo dojcloooiololodloniojoldlolololoig

Doooooocooooooooocoooooo

2. Check calculated values beloy
against CALPOST's "Ranked Dai
Visibility Change" (dv) table

F i #N

¥ il *oaN

F F FoaNUM
ad K ¥ #nNUM
E ¥ T oENUM
T oENuUML T T oaNUM
TOHNUML T #NUML T #NUM
Fo#nuMl T osNUME T #NUM
FoENUML T M Fo#n

Foanuml T oanum Foan

Foanum T o#numi T oanum
TO#NUMI T #NUMI T #NUM
Foanuml T oanuml T o#num
TO#NUML T #NUML T #NUM
FoanuMl T #NU T oanNUmM
FoanuMl ™ oENUML T ENUM
¥ T o#NUML T &

F FoanumM T o#nNUM
r Foanuml T oanum
il Foanuml T oanum
F FoaNUME T #NUM
TOENUML T O#NUML T #NUM

6. Enter desired NO2/NOx ratio
(defaultis 0)

MNew
bsPMC bsPMF baNO2 Rank dv(total) dv(bkg) Adv
il il il FooanNA T ENgA o,
o o 0 17 #nN/a T &N/ ]
o [i] 0 17 aNfe T e 0.
o i o 17 aNgs T e o.
o i il 1¥ ensa T oenga o.
o o 0 17 enNga T wngA i}
o 0 0 17 #N/A #N/0 o.
o 0 0 17 #N/a T eN/A ]
i} 1} 1} 17 #NfA T #NgA a.
o i} o 1¥ #n/a T #N/A o
o i i 1T wNga T anga o.
o 0 i 17 wanfa T enga o.
] 0 0 17 an/a T enga ]
] 0 0 1¥ #n/A #N/A o.
[i] ] 0 17 /A #H/A 0.
i} i} 0 17 #NfA T #NAA o,
o i} o 17 #N/A T #N/A o.
1] i] 1] 17 #Nfa T sM/A o
o 0 il 17 #NfA T eNAA o.
0 i 0 1Y #N/a T #N/A 0.
o i 0 17 #nfa T enga 0
] 0 0 1 L Y 8.

Figure 2. Example of Appearance of Input & Output Worksheet before Data Entry.
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numbers should have appeared in the green columns to the right, and some numbers will
have appeared in the output table in blue on the lower half of the worksheet. If the data
import worked properly, none of the imported data should have spilled out of the large
box. Check that all the column captions in bold outside the large box are now duplicated
on the first line in the box. (There won’t be a caption for Rank.)

Step 7. As a further check on whether everything is correct so far, the dv information in
the three columns to the right of the large box should be the same as that in the second
CALPOST table “Ranked Daily Visibility Change: % of Modeled Extinction by
Species”, which was mentioned in Footnote 1.

Step 8. Beneath the large box that was just filled with imported data, enter the Rayleigh
scattering coefficient for the Class T area of interest into the top small box after red
instruction 3. Also, if you wish, fill in the other small box, the one after red instruction 4,
with the annual average sea salt concentration. (The sea salt box may be left blank, but
the Rayleigh scattering coefficient box must be filled in.) To help with filling in these two
boxes, the fourth worksheet, “Rayleigh & Sea Salt™, provides IMPROVE-calculated
values of the Rayleigh coefficients for Class I areas in the VISTAS region and in adjacent
states. Also, average sea salt concentrations for 2000-2004, calculated in accordance with
the new IMPROVE procedures, can be found there.

Step 9.7 If the impact due to NOs is to be considered. a second CALPOST run will be
needed to provide the 24-hr average NOy concentrations estimated by CALPUFF. For
this purpose, run CALPOST using the ASPEC = NOX option in Input Group 1 of the
CALPOST.INP control file. The NOy values to insert in the NOy input box on the Input
& Output page of the processor have to be extracted manually from the CALPOST output
file for each date and receptor listed in the file that was imported in Steps 1 through 5
above and are displayed in the left hand columns in the large box.

Step 10. Select a value between 0 and 1 to represent what fraction of NQ i1s in the form
of NO,. Enter this value into the small box at red instruction 6 below the column where
the NOy concentrations were entered.'’

Step 11. The blue data table at the bottom of the page represents the new IMPROVE
algorithm outputs. An example is shown in Figure 3. This table can be compared with the
original CALPOST table at the top of the page. All of the columns in both tables show
exactly the same variables, except that the F(RH) column in the top table is replaced by
just the RH in the lower table (since the new procedure has three different f{(RH)
functions) and a new baNO; column has been added to the bottom table to show the light
absorption due to NO; (in Mm'l} Although the events are listed in the same order in both
tables, note that their rankings may have changed, as is the case for many of the lines in
the blue output table in Figure 3.

? Steps 8 and 9 are optional. If the impact due to NO, is not of interest, just leave the entry fields
mentioned in these steps blank.

' An easy way to see the effect of the NO, on the source’s impact in the output table in the lower
half of the page is to toggle this NO,/NOy value between the selected value and zero.

Source-Specific BART Modeling Report: Cheswick Power January 2007
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For those who are interested in more detail conceming the calculations that take place.
values of the three f(RH) functions appear in columns M through O on the second,
“Calculations™ spreadsheet. The extinction impact of the source. including enhancement
of the extinction efficiencies for sulfates, nitrates, and organics because of greater total
mass concentrations, appears in columns V through AC. Extinction due to the annual
average natural background appears in Columns AJ through AN: natural background
extinctions for those components that are enhanced by greater total mass concentrations
appear in columns AU through AX.
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1. At cell A7, import "Ranked Daily Visi
from CALPOST (22 days, max)

CALPOST Recalculation with New IMPROVE Algorithm
mmmmmmmmmmmm e mmem e e e ee == [NPUT from CALPOST {based on old IMPROVE algorithm) ----------—-co-ueue-

lity Change"” (bext) table, includi 1 headi

2. Check calculated values below 5. (Op!
against CALPOST's "Ranked Daily Enter !

Visibility Change" {dv) table NOX ct
YEAR DAY HR RECEPTOR COORDINATES (km) TYPE BEXT(Model) BEXT{BKG) BEXT{Total) ®CHANGE F{RH) bx504 bxNO3 bxOC bxEC  bxPMC bxPMF Rank NOx(p
¥EAR DAY HR RECEPTOR COORDINA TES (km) TYPE BEXT{Model) BEXT(BKG) BEXT(Total) $CHANGE F(RH) bxS04 bhxNO3 bxOC hxEC bxPMC hxPMF dv(t il =
2002 175 o 27 1479.069 24.683 D 5.495 21.65 27,145 25.38 3.5 5.401 0.045 0.042 0.002 0.001 0.004 1
2002 172 o 1p21 1479.244 23.778D 4.923 21,65 26,573 22,74 3.5 4.475 0,404 0.038 0.001 0,001 0,004 2
2002 284 0 1045 1484 ,348 27.58D 3.15 21.47 24.62 14.67 3.3 2,684 0.428 0.033 0.001 0.001 0,003 2
2002 353 o 1026 1482.762 24457 1D 2.594 21.289 23.884 12.18 1 201 0587 D.B18 0.001 0 0.002 4
2002 283 o 1026 1482.762 24,457 D 2.502 21.47 23,972 11.65 3.3 2,269 0.201 0.028 0.001 0.001 0.003 5
2002 195 o 1045 1484.348 27.58 D 2.011 21.83 23.841 9.21 3.7 1,963 0,031 0,015 0.001 0 0.001 6
2002 20 o 1117 1486.636 34,502 D 1.872 21.2 23.072 8.83 31 154D 0.32 0.009 o 0 0,001 7
2002 173 o 1128 1473.2559 35.042 D 1.649 21.65 23.209 7.62 3.5 1’625 0,012 0,01 o 0 0.001 8
2002 234 0 1021 14738.244 23,778 D 1.524 22,19 23.714 6.87 4.1 1.482 0.029 0.011 a 0 0.001 9
2002 298 o 1021 1479.244 23.778 D 1,459 21.47 22.929 6.8 3.3 1.284 0.16 0.014 0.001 0 0.001 10
2002 299 o 1p21 1479.244 23.778D 1.436 21.47 22,906 6.69 3.3 1.281 0.14 0.013 o 0 0.001 11
2002 275 o 1026 1482.762 24,457 D 27 21.47 22,74 5.92 3.3 1.202 0,058 0.009 o 0 0.001 12 22
2002 263 o 1045 1484.348 27.58.D 1.237 22.1 23.337 5.6 4 1,223 0.008 0.005 o 0 0.001 i 8.47
2002 252 o 1026 1482.762 24 457 D 1.189 221 23.289 5.38 4 1.166 0.013 0.009 o 0 0.001 14 848
2002 285 o 1021 1479.244 23.778 D 0.992 21.47 22.462 4.62 3.2 0.813 0.179 0.001 o o o 8 E-] 8.09
2002 181 o 1026 1482.762 24,457 D 0.873 21.65 22,523 4.03 3.5 0.842 0.02 0.009 o 0 0.001 18 8.12
2002 150 o 1026 1482.762 24,457 D 0,857 21.38 22,237 4.01 3.2 0.822 0,026 0.007 o 0 0.001 17 7.9
2002 340 o 1140 1481.017 37.258D 0.817 21.29 22,107 3.84 3.1 0.683 0.153 0.001 o 0 0 18 7.93
2002 151 o 1117 1485.636 34 .592 D 0.745 21.38 22,128 3,49 3.2 0.704 0.033 0.007 o 0 0.001 19
2002 160 o 1021 14759.244 23.778D 0.735 21.65 22.385 3.4 3.5 0.71 0.014 0.01 o 0 0.001 20
2002 346 o 1021 1479.244 23.778 D 0.702 21.29 21,992 3.3 3.1 0.62 0.08 0.002 o 0 0 21
2002 247 o 1021 1478 .244 23.778D 0.661 22.1 22.761 2.98 4 0,654 0.004 0.002 1] 0 0 22
3. Enter value of site-specific Rayleigh scattering coefficient, from "Rayleigh & Sea Salt” 11 &. Enter desired NO2/NOx ratio
worksheet {default is @)
4. {Optional) Insert annual average sea salt ation, from | leigh & Sea Salt" 0.02
worksheet. Leave blank if not used, i.e. defaultis .

OUTPUT (based on new IMPROVE algorithm)
YEARDAY HR RECEPTOR COORDINATES (km) TYPE BEXT{Source) BEXT{BKG) BEXT{Total) %CHANGE [RH(%) !bsS04 bsNO3 bsOC bsEC bsPMC bsPMF baNO2 Rank dv(total) dv{bkg) Adv
2002 175 o 1027 1479.069 24,683 D 4.936 22.04 27.016 22,56 86 4.363 0.039 0.033 0.002 0.001 0.004 0.495 1 a. 82 7.90 2.03
2002 172 o 1021 1478.344 23.778D 4.112 22.04 26.187 18.80 86 3.604 0.349 0.029 0.001 0.001 0.004 0.124 2 2.63 790 1.72
2002 284 0 1045 1484.348 27.58D 2,563 2178 24,383 11.856 84 2,076 0,357 0.026 0.001 0.001 ©0.003 0.099 3 8.90 7.78 1.1z
2002 353 o 1026 1482.762 24 457 D 2,174 2557 23.780 10.15 82 1,528 0.455 0.014 0.001 0 0.002 0.173 5 8.65 7.69 0.97
2002 283 o 1026 1482.762 24.457 D 2,293 21,78 24,090 10.61 84 1,753 0.167 0.022 0.001 0.001 0.003 0.347 4 8.79 7.78 1.01
2002 195 o 1045 1484.348 27.:5BiD: 1.708 2221 23.936 Fidh 87 1.569 0.027 0.012 0.001 0 0.001 0.093 5] B.73 7.98 0.75
2002 20 o 1117 1486.626 34.592:D 1.62% 21.48 23,114 7.62 81 1.16 0.26 0.007 o 0 0.001 0.198 ¥ 8.38 7.64 0.73
2002 173 o 1128 1479.259 35.042D 1.613 22,04 23.667 7.37 86 1.297 0.01 0.008 o 0 0,001 0.297 8 8.61 7.90 0.71
2002 234 8 1021 1479.244 23.778D 1.546 22,64 24,192 6.87 89 1,213 0,026 0.009 o 0 0,001 0,297 &) 8.82 2.17 0.66
2002 298 o 1021 1479.244 23.778.D 1,209 21,78 22,998 5,59 84 0.988 0,133 0.011 0.001 0/ 0,001 0.074 13 8.33 7.78 0.54
2002 299 o in21 14739.244 23,778 D 1,237 2178 23.027 5.72 84 0.8986 0.117 0.01 a 0 0.001 0.124 12 8.34 7.78 0.56
2002 275 o 1026 1482.762 24.457|D 1.154 2178 22,943 5.34 84 0,925 0,048 0.007 o 0 0,001 0.173 14 8.30 7.78 0.52
2002 263 o 1045 1484.348 27.58 D 1.137 22.64 23.783 5.06 89 1.026 0.007 0.004 o 0 0.001 0.098 16 8.66 8.17 0.49
2002 252 o 1026 1482.762 24 457D 1.369 22.64 24,015 6.08 89 0,978 0.012 0.007 a 0| 0.001; 0.371 in B8.76 8.17 0.59
2002 285 o 1021 1473.244 23.778.D 1.24%5 21.78 23.031 5.74 84 0,625 0.149 BE-04 o o o 0.47 11 8.34 7.78 0.56
2002 161 o 1026 1482.762 24 457 D 1.116 22.04 23.165 5.09 86 0.67 0.017 0.007 o 0 D.001 0.421 15 8.40 7.90 0.50
2002 150 o 1026 1482.762 24:457|D 0,997 21.67 22,668 4:63 83 0.623 0.021 0.005 o 0 0.001 0.347 i1a 8.18 T.73 0.45
2002 340 o 1140 1481.017 37.258|D 1.071 21,57 22,646 2.99 82 0,5 0,125 BE-04 o o 0 0.446 17 8,17 7.69 0.49
2002 151 o 1117 1486.636 34,592 D 0,913 21.67 22,584 4.24 83 0.533 0.027 0.005 o 0/ 0,001 0.347 20 B8.15 7.73 0.42
2002 160 o 1021 1473.244 23,778 D 0.932 22.04 22,980 4.25 86 0,565 0.012 0.008 o 0 0.001 0.347 19 8.32 7.90 0.42
2002 346 o 1021 1479.244 23.778 D 0.633 21.57 22.208 2,95 82 0.467 D0.065 0.002 o o 0 0.099 21 7.98 7.69 0.29
2002 247 o 1p21 1479.244 23.778/D 0.553 22.64 23.195 2.46 89 0.548 0.004 0.002 o o o o 22 8.41 8.17 0.24

Figure 3. Example of Appearance of Finished Input & Output Worksheet.
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Appendix
Details of Calculation Approach

As an example of the calculation steps, assume that the sulfate concentration resulting
from emissions from a source is [Sg] and the sulfate in the undisturbed natural
background is [Sy], for a total ambient sulfate concentration of [St]. According to
Equations 1 and 2 in the main body of this document, the total extinction due to sulfate
for this combination is
bew(sulfate) = 2. 2+fo(RH)*[ small sulfate]+ 4.8+f1(RH)+*[large sulfate], (Eq. A-1)
where
[large sulfater] = {[Sz}/20)+[Sr] if [Sr] < 20 ug’
[large sulfater] = [St] if [St] = 20 pg/m’ (Egs. A-2)
[small sulfater] = [Sy] — [large sulfater],

and the subscript T denotes total sulfate

For the original background, where there is no source impact, the corresponding formulas
for the terms in Equations A-2 are

[large sulfaten] = {[Sx}/20}*[S] if [Sn] < 20 ug’
[large sulfatex] = [Sx] if [Sx] = 20 pg/m’ (Egs. A-3)
[small sulfaten] = [Sx] — [large sulfaten].

where the subscript N denotes natural sulfate.

Similar calculations need to be carried out for nitrates. Contributions of the other
particulate components are linear and can just be calculated according to Equation 1.

If the impact due to NO» is also to be considered, then the source impact due to this
component is, according to Equation 1,

bout(NO3) = 0.33=[NO3/. (Eq. A-4)
where [NOg] is in ppb. It is reasonable to assume that the ambient NO; concentrations
under natural conditions would be so small as to cause negligible light absorption, so the
corresponding term is not needed in the natural conditions calculation.
The contributions due to the various components are summed together as in Equation 1 to

obtain the total extinction bey 1 and the natural background extinction bey . The

11
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fractional change in extinction is then calculated as the difference, normalized by the
natural background extinction

( be.ﬂ,T - be.\T.MV bex.r, Na (IL(.] A—S)
a result that can also be expressed in deciviews.

These formulas are used in the CALPOST-IMPROVE Processor. Similar formulas apply

for nitrates and organics. There is no nonlinearity in the remaining terms in Equation 1.

12
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U.S. Locations

AK, Anchorage
(907) 561-5700

AL, Birmingham
(205) 980-0054

AL, Florence
(256) 767-1210

CA, Alameda
(510) 748-6700

CA, Camairillo
(805) 388-3775

CA, Orange
(714) 973-9740

CA, Sacramento
(916) 362-7100

CO, Ft. Collins
(970) 493-8878

CO, Ft. Collins Tox Lab.

(970) 416-0916

CT, Stamford
(203) 323-6620

CT, Willington
(860) 429-5323

FL, St. Petersburg
(727) 577-5430

FL, Tallahassee
(850) 385-5006

GA, Norcross
(770) 381-1836

IL, Chicago
(630) 836-1700

IL, Collinsville
(618) 344-1545

LA, Baton Rouge
(225) 751-3012

MA, Harvard Air Lab.
(978) 772-2345

MA, Sagamore Beach
(508) 888-3900

MA, Westford
(978) 589-3000

MA, Woods Hole
(508) 457-7900

MD, Columbia
(410) 884-9280

ME, Cheswick
(207) 773-9501

Ml, Detroit
(269) 385-4245

MN, Minneapolis
(952) 924-0117

NC, Charlotte
(704) 529-1755

NC, Raleigh
(919) 872-6600

NH, Belmont
(603) 524-8866

NJ, Piscataway
(732) 981-0200

NY, Albany
(518) 453-6444
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Abstract

Wet dectrodtatic precipitation technology can be used to control acid mists, sub-micron particulate,
mercury, metas and dioxing/furans as the find polishing device within an multi-pollutant air pollution
control system. Test results from coa —fired ingtalations demonstrate >90% remova efficiencies on
PM2.5, SO3, and near zero opacity. Additionaly, wet ESP technology can be used for mercury
remova. How wet ESPs work, what configurations they come in and some of the design congiderations
are described. New devel opments to wet ESP technology to reduce cost, (membrane WESP), make
higher performing in less space (Sngle pass dud field) and enhance mercury control (plasma-enhanced
ESP) will aso be discussed.

Introduction

Power utilities are coming under increased scrutiny from regulators, the public and environmental
groups. The ready availability of information about power plant emissons, dong with recognition of the
effects of acid gases, fine particulate and toxic chemicas on the environment and human respiratory
systems, are forcing utilities to control their emissions to a much grester degree than ever before. The
U.S. Environmental Protection Agency (EPA) has issued regulations to control PM 10, NOx and SO2.
New regulations to control mercury, PM2.5 and other hazardous air pollutants are being proposed. The
trend is clear: EPA is seeking to control a multitude of pollutants that are comprised of smaller and
harder-to-capture sub-micron particles, mists and metals.

The first ESP developed was actudly a wet ESP to remove a sulfuric acid mist plume from a copper
smelter designed by Dr. Cottrell in 1907. The technology has become a standard piece of process
equipment for the sulfuric acid industry for over 50 years to abate SO; migt, a sub-micron agrosal. In
the past twenty years, wet ESP technology has been employed in numerous industrid gpplications for
plume reduction associated with PM2.5 and SO; mig, as wdl as for removd of toxic metas.
Unfortunatdly, wet eectrogtatic precipitation is a relatively unknown technology to most industries and
utilities because air regulaions up to recently have not required high levels of control of sub-micron
particul ate.

Mogt utility facilities dready have some sort of dry technology ingtaled to control particulate emissons,
such asacyclone, fabric filter or dry ESP. Where acid gases or condensable particulate may be present



in agas stream, a scrubber or gas absorber istypicaly in place. However, as regulations emerge
requiring stringent control of sub-micron particulate—which includes acid migts, low and semi-volatile
metals, mercury, and dioxingfurans—wet ESP technology isincreesngly atractive due to its low
pressure drop, low maintenance requirements, high remova performance and reliability asafind
polishing device.

ESP Operation

Electrogtatic precipitation conssts of three steps: (1) charging the particles to be collected viaa high-
voltage eectric discharge, (2) collecting the particles on the surface of an oppositely charged collection
electrode surface, and (3) cleaning the surface of the collecting eectrode.

As particles become smdller, gravitational and centrifuga forces become less powerful, while eectrical
and, to alesser degree, Brownian forces become greeter, especialy for 0.1 to 0.5-micron particles.
Consequently, dectrica collection is an effective method for separating those sub-micron particles from
the gas stream.

TABLE 3
PARTICLE DISPLACEMENTSIN STANDARD AIR DUE TO VARIOUSFORCE FIELDS
PARTICLE DIAMETER Displacementsin 1 sec. for forcefield listed
Sizein
Microns | Feet Cc* Grav.** Cent*** | Elect.**** | Brown.**
* k%

10.0 3.28 x 10 (-5) 01.016 | .024 20.5 0.98 .0000057
1.0 3.28 x 10 (-6) 01.165 | .00027 00.235 0.11 .0000194
0.1 3.28x 10 (-7) 02.93 .0000069 | 00.0059 0.27 .0000972
0.01 |3.28x10(-8) 22.6 .00000053 | 00.00046 | 2.12 .0008540

* Stokes Cunningham dlip-correction factor-dimensionless
*x Gravitational force field-downward linear displacements based on 32.2 ft./s2 acceleration

*xk Centrifugal force field-outward radial displacements based on 862 g's acceleration
*okokk Electrostatic force field-normal linear displacements based on 7500 voltgin. Field
strength and a saturation charge on the particles.

*x*%%  Brownian movement-random linear displacements based on average values

Most importantly, whereas mechanica collectors exert their force upon the entire gas, ESPs exert their
force only upon the particles to be collected. ESPs typicdly operate a around 0.5-1.0 inch pressure
drop, regardiess of air volume or particle size. Alternatively, amechanica collector such as a venturi
scrubber would have to operate at around 60 inches of water column to achieve 95 percent collection
efficiency on 0.5-micron particles. Thisisamagor reason why dry ESPs are predominantly used in the
utility industry. Every inch of pressure drop trandates into dramaticaly higher energy requirements for
operating the ID fan. To achieve 95 percent remova efficiency on 0.5-micron particlesin a 1,000,000
cfm air flow, 12,000 kW of energy is required using a venturi scrubber, while an ESP needs only 100-



200 kW of energy for I.D. fan operation.

Dry ESPs

Dry ESPs consst of aseries of parale vertica plates, which act as the collecting electrodes, with a
series of discharge eectrodes in between the plates spaced some distance gpart. As the contaminated
flue gas passes through the ESP, negatively charged ions form near the tips of the sharp points of the
ionizing €l ectrode (corona discharge). These negatively charged ions move toward the positively
charged collecting dectrode surface and charge the contaminated particles passing through the ESP.
These charged particles become attracted to the positively charged collection plate, where they
accumulate on the surface. The collected particulate builds up on the dry collection surface and forms a
layer of particles or “cake’ that has insulating properties.

Dry ESPs perform best when particle deposits on the collecting plates have aresidtivity greeter than
approximately 10" ohm-cm, but less than 2 x 10™ ohm-cm. If resigtivity is less than 107, the electrogtatic
force holding the dust particles on to the dust layer istoo low and re-entrainment of particlesin the flue
gas can become a serious problem, reducing efficiency. If resistivity exceeds 2 x 10'° ochm-cm, the
voltage drop through the particle layer to the grounded e ectrode becomes sgnificant, lowering field
gtrength in the space between the ionizing dectrode and the top of the dust layer. This can cause a
breakdown in the eectrical field and “back corond’ can take place, again lowering efficiency. Resistivity
becomes a limiting factor to the amount of eectrica power that can be achieved within adry ESP.

To didodge the dust from the collecting € ectrode surface and into the bottom hopper, mechanica
rappers or sonic horns are employed. However, portions of the particles remain suspended in air and
get re-entrained in the gas stream. This secondary re-entrainment requires the use of another dry ESP
field to collect the re-entrained particulate plus those particles not captured in the first field.

Dry ESPs have been used successfully for many yearsin industrid and utility gpplications for coarse
particulate remova. Dry ESPs can achieve 99+ percent efficiency for particles 1 micron to 10 micron in
gze. However, they have severd limitations that prevent their usein dl goplications:

Dry ESPs are not cgpable of removing toxic gases and vaporsthat arein avapor Sate at 400°F.
Dueto their low corona power levels because of resistivity of the particulate cake, dry ESPs cannot
efficiently collect the very smdl fly ash particles.

Dry ESPs cannot handle moist or sticky particulate that would stick to the collection surface.

Dry ESPs cannot remove oxidized or e emental mercury

Dry ESPsrequire alot of red estate for multiple fields due to re-entrainment of particulate.

Dry ESPsrely on mechanical collection methods to clean the plates, which require maintenance and
periodic shutdowns.

Therefore, dry ESPs may not be the best practicable control device to meet the proposed PM2.5
gandard, or asafind migt diminator for acid gas mist on FGD systemsin order to reduce opacity levels
to near zero.



Wet ESPs

Wet ESPs operate in the same three-step process as dry ESPs—charging, collecting and finaly deaning
of the particles. However, cleaning of the collecting dectrode is performed by washing the collection
surface with liquid, rather than mechanicaly rapping the collection plates

(Figure 1).

Wet Precipitation Process
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While the deaning mechanism would not be thought to have any impact upon performance, it
sgnificantly affects the nature of the particles that can be captured, the performance efficiencies that can
be achieved and the design parameters and operating maintenance of the equipment. Smply stated, wet
ESP technology is sgnificantly different than dry ESP technology.

Because wet ESPs operate in awet environment in order to wash the collection surface, they can
handle awider variety of pollutants and gas conditions than dry ESPs. Wet ESPsfind thelr greetest use
in gpplications where gas Sreams fdl into one or more of the following categories:

The gasin question has a high moisture content;

The gas stream includes sticky particulate;

The collection of sub-micron particulate is required,

The gas stream has acid droplets or H2S0O4

The temperature of the gas stream is below the dew point.

Because wet ESPs continually wet the collection surface areaand create a durry that flows down the
collecting wdll to arecycle tank, the collecting wals never build up alayer of particulate cake.



Consequently, there is no deterioration of the eectrica fidd due to resstivity, and power levelswithin a
wet ESP can be dramaticdly higher than in adry ESP. The ability to inject much greater eectrica
power within the wet ESP and eimination of secondary reentrainment are the main reasons awet ESP
can collect sub-micron particulate more efficiently.

Wet operation aso prevents re-entrainment. The captured particul ate flows down the collection wall in
suspension to arecycle tank for trestment and never gets re-entrained into the flue gas. This reduces
the need for multiple fields, asin adry ESP where additiond fields must be added to capture re-
entrained particles from the previousfidd.

Wet ESPs are mogt effective for submicron particulate control. Smoke plume from astack isthe
clearest sign of the presence of sub-micron particlesin a gas stream. Due to refraction of sunlight, 0.5-
micron particles are the most visble. Additiondly, the surface area of the amdlest particlesin aflue gas
is greater than the surface area of larger particles. One gram of 0.1-micron particles has 10 timesthe
surface area as agram of 1.0-micron particles (60 n vs. 6.0 ). Toxic vapors however, condense
uniformly on the surface area of dl particles. That iswhy the capture of agram of 0.1-micron ash
particlesis 10 times more effective at removing toxic pollutants than the capture of agram of 1.0-micron
ash particles.

In wet ESPs, the ddlivery mechanism for the irrigating liquid is critical to maintain thorough wetting of the
collecting e ectrode surface to avoid corroson issues without degrading the eectrica system.

Collection Efficiency
For agiven particulate or droplet size and concentration, ESP efficiency can be caculated by using the
exponentid Deutsch-Anderson equation. Field experience has shown that, with some modification, the
same equation can also be applied to wet ESPs. The Deutsche-Anderson equation is:

Eff = 1 —Exp ((-AW/V)
Where the collecting eectrode surface area, A, and volumetric flow rate, V, are caculated from the
known geometry of the ESP and the process design data. The drift, or migration velocity, w, is
determined by the operating power and particle Size distribution.

There are two types of charging processes at work in an ESP. For particles greater than 1 micron,
“fidd-charging” is primary and refers to particles being charged through the collison of negative ions as
they follow the eectric field lines to the surface of the particles. The pesk operating voltage is the most
important factor in field charging. For particles smaler than 0.5 micron, “diffuson-charging” is primary
and occurs because of the random moation of the sub-micron particles and their collison with negetive
ions. The current dengty injected into the ESP is the most important factor in diffuson charging.

Wet ESPs are capable of removing sub-micron particles, droplets, and mists as small as 0.01 micronin
Size up to 99.9+ percent efficiency depending upon the number of fields employed and can achieve near
zero opecity leves.



Tubular vs. Plate

Wet ESPs can be configured either as tubular precipitators with vertica gasflow or as plate
precipitators with horizonta gas flow (Figure 1). For a utility gpplication, tubular wet ESPs would be
gppropriate as amist iminator above a FGD scrubber, while the plate type could be employed at the
back end of adry ESP train for find polishing of the gasin ahybrid ESP. In generd, tubular
precipitators are more efficient than the plate type and take up less space due to smple geometry. A
tubular wet ESPisjust a horizontal ESP turned vertical with al four sides enclosed to act as collection
surface. Other differences between the two types are:

For agiven efficiency, atubular precipitator may be operated at twice the gas velocity of aplate
precipitator of equa e ectrode length
For agiven efficiency, atubular precipitator has a smaler footprint than a plate type precipitator.

Tubular precipitators can be designed as either up-flow or down-flow. In up-flow tubular ESPs, flue gas
enters at the bottom of the ESP and flows upwards. The wash nozzles are located at the bottom
spraying up into the ESP, co-current with the gas. In some cases, nozzles that spray down into the field
are added above thefidd. In down-flow designs, the flue gas enters the top of the wet ESP and flows
downwards. Smilarly, the sorays are mounted on top, spraying down co- current with the gas.
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Figurel: The comparison of atubular WESP vs. a plate type WESP shows that, for a given
efficiency, atubular WESP can operate at twice the velocity of a plate type WESP, resulting in a
smaller footprint (Applicable mostly for new construction).

While in some inddlations a down-flow design may minimize inter-connecting ductwork, it will require a
mechanica migt diminator to capture the water mist that has been carried aong with the flue gas before
entering the stack. Conversely, an up-flow, tubular wet ESP is an excellent mist diminator dueto its
ability to capture sub-micron droplets and requires no mechanical mist eiminator.

Air Digribution
Digtribution of the flue gas throughout the wet ESP isacritica design function. Overloading a section of



the wet ESP will negatively impact collection efficiency. While perforated plates below the eectrical
section will ad in proper ar flow didribution, an dternative is using some sort of scrubber in front of the
wet ESP. This accomplishes multiple purposes.

Removd of any acid gas present, which reduces corrosion in the wet ESP and dlows for less
expendve materias of congtruction to be used (i.e., FGD application)

Removd of particulate larger than 2 microns, which reduces the particul ate loading on the wet ESP
and dlowsfor samdler sze of the wet ESP

Cooling of the gas, which reduces the gas volume and cuts down on the size of the wet ESP
Saturation of the gas, which enhances condensation within the wet ESP

Enhanced airflow digtribution throughout the wet ESP due to limited pressure drop.

Sparking

Since wet ESP efficiency is directly proportiona to the electrical power conveyed to the moving gas,
each time a spark occurs, the voltage, and consequently the particulate collection efficiency, is reduced.
Sparking rate for a given inter-electrode spacing is a function of the inlet loading (mit, droplet, or
particulate) and dignment of the discharge eectrodes. Additiondly, the power level and efficiency of a
wet ESP can be dramaticaly increased by properly designing the automatic voltage control system.
While the industry average seldom goes beyond 50 percent conduction (i.e., the ability to ddiver 50
percent of the available power to the gas), the proper selection of the transformer-rectifier (T/R),
automatic voltage controller (AVC) and current limiting reactor (CLR) can ddiver much greater
conduction.

Corona Current Suppression

If thereisahigh loading of charged particles, corona current is diminished due to the low mohility of
charged particles in the inter-electrode space. This phenomenon is called current suppression or space
charge effect. A high concentration of fine particles, atypica scenario for space charge effect, can
reduce the corona current by afactor of 50 or more,

Certain criteria should be met in order to prevent the deterioration of removal efficiency in the presence
of a gpace charge effect. The level of current suppression that will be experienced in a particular
gpplication is related to the total surface area of the suspended particles and the designed corona
current dengity within the given volume of the wet ESP collection section. For example, particles of 0.6-
micron diameter have 100,000 cn/gram of surface, whereas particles of 0.3-micron diameter have
more than 10 times the surface area per unit weight (1,100,000 cné/gram). For agiven grain loading,
the finer the particle, the more potentia there isfor current suppression to occur.

In the case of multiple fieldsin awet ESP, collection efficiency can be maintained even in the presence
of current suppression. Thefirst passwill operate in “suppressed” conditions a a somewhat reduced
efficiency leve, but will condition the gas for the second pass, which will operate at itsfull design
potential.

Materials of Construction



A wet ESP s collection section can be made out of any conductive material. However, the materid
chosen must be corrosion resistant to any acid mist contained in the flue gas. Wet ESPs have been
made out of conductive fiberglass, carbon sted, various dainless stedls and various high-end dloys
depending upon the duty intended. Most multi-pollutant gpplications for wet ESPs typicaly employ
some sort of scrubber in front of the wet ESP to remove corrosive acid gases. Materid sdection should
be based upon a“worgt-case’ scenario analysis in order to protect the equipment against upset
conditions. Alternatively, the water sprayed into the ESP can be treated to neutralize acids collected
within the ESP. Proper pH contral is essentia to maintain integrity of the equipmen.

M odular

Like dry ESPs, wet ESPs can be modular. Each field islimited in Sze to the power of the available
transformer. The largest transformers available today are 70,000 V @ 2500 mA of ingtalled eectrical
power. Depending on the specific gpplication (large air flow or heavy inlet loading), multiple sections
can be arranged together, either in series or in pardld, to achieve the required efficiencies.

Utility Application
Codl fired plants are gtarting to recognize the need for wet ESP technology to reduce opacity related to
PM2.5 and SO3 concentrations in the flue gas as States start to mandate more stringent opacity limits.

Northern State Power’s Shirco Station with two 750 MW boilersingtdled the first full-scale wet ESPin
the country to reduce opacity. Eleven modules/unit of tubular, upflow wet ESP technology were
ingdled after aFGD system and opacity was reduced to less than 10% with 22 Wet ESP modulesin

Sherco 1 & 2 opacity over time
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In severd indances where plants have ingdled SCR technology with ammoniainjection on high sulfur
cod and FGD systems are ingtdled, increased plume resulted from higher levels of SO; and fine
ammonia sat concentration in the flue gas. These plants are consdering ingtdling awet ESP after the
FGD system to capture the additiona SO; and ammonia sats, which cannot be captured in the FGD



system due to their sub-micron nature. Therefore, for the 25% of cod fired plants that burn high sulfur
bituminous cod that have FGD systemsingdled, ingaling awet ESP is the next logica step to meet
opacity, PM2.5 SO; and mercury standards.

Tubular Pilot Wet ESP at First Energy’sBruce Mansfield Station

Croll-Reynolds ingtaled a pilot wet ESP at a mgor cod-fired plant in 2001. This plant burns 3%
bituminous cod and has a FGD system ingtaled for PM 10 and SO, control. A 5,000 acfm dipstream,
tubular pilot wet ESP was ingtdled for PM2.5 and SO; contral, the two primary contributors to stack
plume. Speciated mercury testing was dso performed to measure collatera benefits of ingaling wet
ESP technology.

Summary of Pilot Wet ESP Test Results- Bruce Mansfield Plant —2001-2002 |

Mercury
PM2.5 SO; Mist Tests Particulate Oxidized Elemental

Average of all Tests
Test Series Sep-01 | Nov-01 Sep-01 | Nov-01 Sept-01 | Sept-01 [ Sept-01
Airflow-acfm 8394 8235 8394 8235 8000 8000 8000
Velocity — 10 10 10 10
ft./sec.
# of fields 1 2 1 2 1 1 1
Power Levels 100% 100% 100% 100% 100% 100% 100%

ug/dscm | ug/dscm | ug/dscm
Inlet 0.0292 | 0.0506 11.475 | 10.01 0.011 0.689 6.245
Outlet 0.0063 0.002 2.7 0.85 0.004 0.158 3.474
Removal % 79% 96% 76% 92% 64% 77% 44%

Aninitid series of tests completed during Sept. of 2001 were performed in asingle dectricd fidd a
approximately 8,000-cfm. Remova achieved at this higher than designed for airflow was 79% for
PM2.5 and 76% for SOs. Mercury testing during this time period showed 64% for particulate, 77% for
oxidized and 44% for demental. Removd levelsfor particulate and oxidized mercury were Smilar to
that for PM2.5 and SOs. Most importantly, 44% remova of eemental mercury was measured at the
highest inlet concentration. Mercury levels were extremely low because most of the particulate and
water soluble HgCl was dready removed in the upstream FGD system. It is estimated that at higher
inlet levels, higher removal efficiencies would be expected.

In order to improve remova efficiency within the wet ESP pilot, the eectrical system was subsequently
retrofitted from a single to atwo-field configuration. New test results on PM 2.5 and SO3 improved to
96% and 91% respectively.

Observation Tube
In order to estimate opacity on this dipstream gpplication, Croll-Reynolds supplied a19' long
observation tube to that is the same diameter as the top of the stack. A light source provided a one end



with an observation port a the other alows for direct visud observation. The pictures below show the
results a varying power levels.

Observation tube— 19’ long to simulate
diameter of top of stack.

-

10,000 cfm wet ESP unit at Bruce
Mansfield plant

Pictur es looking down the obser vation tube

Looking down
observation tube with
some power on inthe
WESP.

L ooking down observation
tube with minimal power.

L ooking down observation
tube with maximum power on
inthe WESP.

Hybrid ESP Design

However, the mgority of cod-fired plants do not have a wet FGD sysem inddled. Many are
consdering inddlation of fabric filters with injection of activated carbon for mercury control to meet
new proposed mercury standards as well as remova of PM2.5. A viable, cost-effective aternative that
offers multi-pollutant control is needed. Retrofit of a dry ESP lagt fiedld with a wet fidd offers the
potential to remove PM2.5, SO; mist, SO, and mercury without the drawbacks of activated carbon
injection/fabric filter technology.



For those plants with undersized dry ESPs, retrofit of a dry ESP with a wet field offers the ability to
meet opacity requirements with minimal cost and impact. The Electric Power Research Inditute tested
the concept of adding awet ESP after adry ESP in an unsaturated condition during 1994-1995 at pilot
scae levd on cod-fired flue gas, primarily for opecity abatement. Those results indicated that a angle
wet field could achieve very high collection efficiency, greeter than 90 percent.

In terms of outlet emissions, the tests indicated that a dry ESP emitting more than 0.1 It/MMBtu before
converson would emit less than 0.03 IYMMBLtu after converson to a wet field. This high efficiency
results from the high power levels possible when fly ash dectricd resgtivity is no longer a contralling
factor. Furthermore, the water wash system in the wet fidd diminates the need for traditiond mechanica
rapping and thus virtudly eiminates al re-entrainment losses. The EPRI tests also established that a wet
ESP could be successfully operated with the flue gas temperature well above the moisture dew point.
This method of operation means that equipment downstream of the converted ESP will not have to be
operated under saturation conditions.

Findly, the EPRI tests demongtrated that the conversion to wet operation partialy reduced SO,, HCL
and HF dong with some oxidized mercury. Measured results from the pilot showed the following
removal levels across the wet ESP.

Particulate matter: 95%
Sulfur dioxide: 20%
Hydrogen chloride: 35%
Hydrogen fluoride: 45%
Oxidized Mercury: 50%
Totd mercury 30%*

(*Outlet elemental mercury was measured at higher levelsthan inlet Hg®. It is estimated that some of the oxidized
mercury degassed back to elemental mercury in the water solution due to improper pH control/water chemistry.)

In 2000-2001, EPRI participated in a full-scae demondtration of this concept a Mirant’s Dickerson
Station for opacity reduction. While performance testing reported high collection efficiency on PM2.5
and SO; with opacity as low as 10%, mechanica issues associated with the wet ESP design, which
could have been corrected if non-technica issues had not limited the length of the project, prevented
continued implementation of this gpproach. No mercury testing was performed at this Site.

Croll-Reynolds has since desgned and ingtalled a horizonta, plate wet ESP at dipstream pilot scae that
overcomes the mechanica issues experienced at Dickerson. A patented water header system prevents
gplashing, a unique plate design assures thorough water coverage to avoid dry spots and a drainage
system diminates arcing and mist carryover downstream.



Benefits
Adding awet ESP fidd behind an existing dry ESP or retrofitting the last field offers severd benefitsto
traditional methods for removing PM2.5, SO; mist and some fraction of SO, and mercury:

Less pressure drop than afabric filter or FGD system. Typicaly Y2’ w.c. pressure drop acrossa
wet ESP, smilar to that of adry ESPfidd.

There are no moving parts since awet ESP is sdf-cleaning, reducing maintenance.

Lessred edtaeisrequired. A wet ESP field can be retrofitted to an existing dry ESP, thereby
avoiding the problem of trying to find space for new equipment within the confines of a plant.

The wet ESP field can operate above the saturation point, thereby avoiding costly upgrading of
downstream duct and stack materias of construction. The wet ESP section would be constructed of
ahigh-grade sainless sed.

Capital costs are Sgnificantly lessthan afabric filter or full FGD system, typicdly in rangein the
$25-$35/kw depending upon difficulty of the ingtalation.

Operating costs are minimd with less than 3 watts/'cfm-power usage within the wet ESP.

Thereis no impact on exigting upstream air pollution control equipment or process.

Multiple pollutant control is possible. While primarily a particulate control device, Smilar to afabric
filter, awet ESP retrofit offers the collaterd benefit of being able to abate acid mists (S0O;), oxidized
mercury, some acid gas (SO,, HCL) as well as some ementa mercury.

Opacity can be reduced to 10% or less due to remova of PM2.5 and SO3 midt.

Thereis no contamination of fly ash. The wet ESP section is located downstream of the dry ESP.

Fud blending/switching can be accommodated to minimize fud codts while meeting emisson
standards.

There is no sorbent injection system. Ingtdlation, handling, injection of sorbent plus disposa issues
of mercury—aden carbon are eliminated.

Any mercury collected in the wet ESP durry can be treated in awastewater treatment system to
remove the mercury from the water, concentrating the waste and reducing handling and disposition
of ahazardous waste.



Wastewater from the wet ESP can be recycled, minimizing water-related issues.

New Hybrid Pilot Demonstration

Because this gpproach offers so many potentia benefits and there has not been sufficient testing of the
concept and resolution of mechanica issues associated with the gpproach, the Electric Power Research
Ingtitute and Croll-Reynolds intend to construct a mobile 10,000 c¢fm dip-stream pilot wet ESP for
ingddlation after adry ESP. One plant using PRB cod with high eementad mercury emissons has
dready committed to being ahost. The plant isingtaling SCR technology for further NOx abatement.
Tegting for PM2.5, SO3, SO2 and mercury removal will be performed.

The pilot wet ESP consists of stainless stedl plates with a patented water feed system that promotes
uniform and thorough water coverage while minimizing the potentia for plugging, splashing and mist
carryover. Custom designed ionizing eectrodes are configured to suit the dectrica profile required for
various flue gas concentrations.

Mercury Control -Plasma Enhanced ESP Technology

Mercury adsorbed onto particulate and oxidized forms of mercury are readily removed from the flue gas
using awet scrubber or flue gas desulfurization syssem. However, the remaining e ementa mercury
vapor passes through the air pollution control devices unabated. Most mercury research has focused on
sorbent injection followed by abaghouse for those plants without an FGD system, typicaly where low
sulfur cod isused.

Tests of wet ESP technology at the Bruce Mandfidd pilot plant indicate that awet ESP can remove
both oxidized and particulate forms of mercury a smilar levelsto that for PM2.5 and SO;. Mercury
testing showed 64% for particulate, 77% for oxidized in the Sngle dectricd field configuration. Most
importantly, 44% remova of eementa mercury was measured a the highest inlet concentration.
Mercury levels were extremely low because most of the particulate and water soluble HgCl was dready
removed in the upstream FGD system. It is estimated that a higher inlet levels and /or a dud eectricd
field configuration, higher remova efficiencies would be expected.

To increase demental mercury remova efficiencies usng wet ESP technology, MSE Technology
Applications, Inc. and Croll-Reynolds Clean Air Technologies, Inc. developed a technology that uses
the centrd dectrode of a standard wet eectrogtatic precipitator to inject amercury oxidizing reagent gas
directly into aflue gas stream. As the reagent gas passes through this corona discharge, reactive species
are formed that subsequently oxidize d ementd mercury into fine particulate. The mercury particulate
acquire anegative charge in the dectrical field and are attracted to positive dectrodes where they are
adsorbed into the liquid layer and are removed from the process in the washdown cycle. Under test
conditions where the flue gas temperature was maintained well above the saturation temperature, the
mercury oxidation efficiency of the technology increased to 79%.

Membrane Based Wet ESP technology
Ohio Universty, Southern Environmental and Croll-Reynolds have patented and developed a new
membrane based Wet ESP with dramatically reduced cost and weight compared to metalic wet ESPs.



Cleaning of the corroson resigtant fabric membranes is facilitated by capillary action between the fibers,
providing even water didribution, & continuous flushing which removes collected materia without
Spraying, S0 the entire precipitator remains on line.

DOE's Nationd Energy Technology Laboratory has awarded SEI/CRAT and Ohio University a grant
to compare metalic and membrane based wet ESP technology in a pilot unit a First Energy’s Bruce
Mandfield Plant in Shippingport, Pa. Testing will begin this summer on the membrane wet ESP.

Conclusion

Wet ESP technology is a proven, well-known technology that can achieve very high remova of mists,
particles and aerosols with low pressure drop and minimum maintenance, if properly designed and built.
Wheressit has traditiondly been indaled after aFGD system in a saturated flue gas as afind wet
electrogtatic mist iminator, it can adso be retrofitted to an existing dry ESP last fidld to increase
collection of PM2.5, SO3 and mercury and reduce opacity.

New improvements to the technology include enhancing its remova capability adding eectricd fidds
within the same physica envelop, oxidizing e ementa mercury using plasma and reducing cost by using
membrane collection materid.

Successful demondtration of these various developments will offer cod-fired plants using either
bituminous, sub-bituminous or lignite cod ardiable control technology that has multi-pollutant capability
for reducing PM2.5, SO3 mist, mercury with the co-benefits for some SO, and HCL trim contral.
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