events or perhaps require the development of work practice standards to minimize such
emissions.

D. Region 6 Has No Basis to Disapprove the Visibility Modeling Prepared by PNM,
Which Confirms that the Installation of SCRs at San Juan Will Have a Negligible

Impact on Visibility Levels at Nearby Class I Areas.

Region 6 modeled the visibility improvements associated with its proposal to require
SCRs at San Juan and determined that the maximum visibility improvement expected to result
would be a 3.11 deciview (dv) improvement at the Canyonlands Class [ area. In contrast, refined
modeling conducted by PNM in March 2009 to support the 2007 BART determination indicates
that the installation of SCRs with sorbent injection at San Juan will not improve visibility at any
Class | area by more than 1.3 dv, which occurs at Mesa Verde. Recent modeling conducted by
CALPUFF model developer, Joseph S. Scire (discussed in more detail below), indicates that
SCRs with sorbent injection at San Juan for each unit would not improve visibility at any Class I
area by more than 0.5 dv, which is the threshold that EPA has established for “contributing to
visibility impairment” and below which humans cannot perceive differences in visibility.

The most significant difference is that PNM modeled the more realistic 0.07 Ib/mmBtu
NOy emission rate during SCR operation, instead of the unachievable 0.05 lb/mmBtu emission
rate assumed by Region 6. PNM’s comments above explain the error in Region 6’s decision to
assume a NO, emission rate of 0.05 [b/mmBtu. As such, Region 6 must recognize that, once the
proper emission rate is utilized, its proposal to require SCRs at San Juan may not result in any
meaningful visibility improvements at all. [n addition, the attempt to aggregate visibility
improvements across multiple Class [ areas is logically flawed and potentially misleading, and
therefore not be considered a valid metric for evaluating the potential visibility improvements
associated with installing SCR at San Juan.

1. Region 6 Has Provided No Justifiable Basis for Rejecting PNM’s Modeling
Results.

Region 6 characterizes the modeling performed by PNM and accepted by NMED in its
draft June 23, 2010 regional haze SIP as follows:

Although we generally regard the visibility modeling analyses performed by NMED to be
of high quality, we noted some minor issues we wished to rectify in order to address
consistency with modeling guidance we have provided to the states.

The “minor issues” referenced by Region 6, however, inflate the visibility improvement
calculations in the SCR analysis by nearly a factor of three. In other words, the minor “tweaks”
Region 6 applied to the PNM / NMED modeling, which was also much more similar to the
WRAP modeling, multiplies the expected visibility improvements associated with installing
SCRs at San Juan by nearly three times,

There are two categories of “minor issues” that were “rectified” in the modeling relied
upon by the proposed FIP. The first category of changes involved changes to basic assumptions



about the performance of SCRs at San Juan, namely sulfuric acid emissions levels, the catalyst
oxidation rate, and, most importantly, the unrealistic assumption that a retrofit SCR would be
able to achieve a NO, emission rate of 0.05 Ib/mmBtu. The second category of “minor issues”
addressed by Region 6 involved selecting different modeling versions or assumptions, such as (a)
selecting a different “post-processing” method, (b) using constant background ammonia
concentrations instead of variable background ammonia concentrations, and (c) the manner in
which SO; emissions are accounted for in the modeling.

Region 6 should not use a selection of different modeling techniques to triple the
modeling results. Although Region 6 claims its tweaks are needed for “consistency,” the
Region’s tweaks are not, in fact, consistent with EPA guidance. Moreover, despite discussions
with NMED over several years regarding proper modeling techniques, Region 6 did not raise any
of its concerns to PNM or NMED until the issuance of the proposed FIP.”® Thus, rather than
seeking consistency, it appears that Region 6 performed various modeling iterations by changing
each one of the assumptions and, in the end, chose the version that resulted in the highest
visibility improvement of the resulting values. PNM questions this approach to modeling
visibility impacts and questions the assumptions relied upon in Region 6’s chosen modeling
analysis.

a. Differences in “Post-Processing” Method Chosen

CALPUFF is a multi-layer, multi-species, non-steady-state puff dispersion model that
simulates the effects of meteorological conditions on pollution transport, transformation, and
removal. The preamble to EPA’s 2005 regional haze rule describes the three parts of the
CALPUFF model: “a diagnostic meteorological model [CALMET], a gaussian puff dispersion
model with algorithms for chemical transformation and complex terrain [CALPUFF], and a post
processor for calculating concentration fields and visibility impacts [CALPOST].” Within
CALPOST, there are two options for “post-processing” known as “Method 6” and “Method 8.”

In preparing its 2007-2009 BART modeling for the San Juan BART determination, PNM
utilized Method 6 “post-processing.””® NMED utilized the same method of post-processing in
the SIP submittal it published on June 23, 2010, upon which Region 6 purports to rely heavily.
PNM chose Method 6 to match the version used by WRAP, which prepared the modeling upon
which the reasonable progress goals for Western states are based. Region 6 appears to accept the
use of Method 6 because it relies on the results of the WRAP modeling as the basis for proposing
a new SO; emission limit at San Juan.

However, for modeling Region 6 used in its NOx BART analysis, the Region selected
Method 8 post-processing, which resuited in much higher visibility impacts and improvements
than would be predicted using Method 6 (the method chosen by PNM, NMED, and WRAP).
Although Region 6 generally justified its choice of model versions in its proposal by referring to

®  EPA and NMED discussed BART modeling on numerous occasions beginning in November 2007 and NMED
actually provided EPA with a hard drive of modeling results in May 2009.

7 “Post-processing” is the methodology used within the model to process the various model outputs and other

applicable variables into model predicted results.

52



the “regulatory version” used for EPA rulemaking activities, Method 8 processing is not
supported by the “regulatory version” Region 6 used in its analysis. PNM agrees that there is no
regulatory requirement to use a particular post-processing method, and therefore does not
disagree in principle with the Region’s decision to stray from its “regulatory version.””
However, it is clearly inconsistent for Region 6 to justify its rejection of PNM’s modeling based
on the need for a “regulatory version” when the Region’s own modeling isn’t the “regulatory
version” either. Region 6’s SCR modeling analysis is also internally inconsistent because
Region 6 relies on Method 6 for SO- (using the WRAP modeling) and on its own Method 8
modeling for NO,. This internal inconsistency alone draws Region 6’s modeling into question.

b. Differences in Background Ammonia Concentrations.

Background ammonia concentrations are relevant to visibility modeling because
chemical reactions between ammonia and certain pollutants (NOy and SO») result in particulate
matter that contributes to regional haze. Recognizing the importance of background ammonia
concentrations to the formation of regional haze, PNM’s consultant, Black & Veatch, reviewed
published information and obtained area-specific ammonia values based on Region 6 research
performed in the Four Corners area, including ammonia data that had been approved by the NPS
for the Desert Rock Energy Facility and the Toquop Energy Projects.®’ The information
obtained confirmed that the use of variable monthly ammonia values would better reflect the
seasonal variations in ammonia concentrations than would a constant, assumed ammonia
concentration.

The ammonia value utilized in PNM’s modeling are provided in Table 2 below:

Table 2
Variable Monthly Ammonia
Background Concentration
Background Ammonia
Month Con%entration (ppb)

January 0.2
February 0.2
March 0.2
April 0.5
May 0.5
June 1.0
July 1.0
August 1.0
September 1.0

¥ EPA has specifically allowed states significant leeway in choosing an appropriate model version, including

more advanced modeling techniques as they became available.

' In April 2008 Region 6 indicated to NMED that key NPS members approved for EPA the variable ammonia

background concentration values in an e-mail from Scott Bohning (EPA Region 6) dated April 8, 2008 to Gi-Dong
Kim (NMED Modeling Scientist).
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October 0.5
November 0.5
December 0.2

The developer of the CALPUFF model, Joseph Scire, reviewed the variable ammonia
data utilized in PNM’s analysis. After reviewing a set of 33 reports, papers, and documents®? to
assess the appropriate ammonia concentrations for the CALPUFF modeling, Mr. Scire concluded
the following:

e The use in CALPUFF of the monthly-varying ammonia concentrations in Table 2 is
appropriate and consistent with the observed seasonal variability of ammonia
observations in the Mesa Verde area.

e The range of assumed ammonia concentrations from 0.2 ppb in the winter to 1.0 ppb
in the summer is still a conservative approach (i.e., likely to over-predict nitrate
impacts), given actual ammonia observations in the Mesa Verde area.®’

Although PNM supported its use of monthly background ammonia concentrations with
significant data, and its analysis has been confirmed by the developer of CALPUFF, Region 6
rejected the use of variable ammonia concentrations and assumed a generic, constant background
ammonia concentration of 1 ppb instead. Region 6 notes in the supporting documentation for its
modeling analysis that there is “uncertainty over background ammonia concentrations” and that
“there is some debate about what to use historically for background ammonia levels.”®* Region
6’s sugaorting documentation also admits that “alternative levels may be used if supported by
data.”™ As such, Region 6 has no basis for criticizing the ammonia levels used in the modeling
prepared by PNM. The Region’s decision to rely on constantly high background ammonia
concentrations unjustifiably results in higher visibility improvements than expected by PNM’s
more realistic modeling results.

C. Differences in Baseline Emission Rate for SO, and NO,

Modeling visibility improvements associated with a particular control technology
requires the modeler to develop a baseline level of emissions against which to compare expected
visibility impacts following the installation of the new controls. In its modeling, PNM assumed
a baseline SO; emission rate of 0.18 Ib/mmBtu based on the current, federally enforceable
emission limit. Even though future SO, emissions will likely be lower due to expected regional

% One of the reports reviewed Mr. Scire actually consisted of Region 6’s own analysis of background ammonia
concentrations, which is consistent with the values PINM used in its modeling.

% Joseph 8. Scire, CCM, “Analysis of Ammonia in the Four Corners Area” (March 2011) {Attachment D).

¥ EPA’s technical Support document, Visibility Modeling for BART Determination: San Juan Generating Station,
New Mexico, EPA-R06-OAR-2010-0003, page 46.

¥ EPA’s technical Support document, Visibility Modeling for BART Determination: San Juan Generating Station,
New Mexico, EPA-R06-OAR-2010-0003, page 39.



haze requirements (under a Section 309 SIP), future SO; emissions were also assumed to be 0.18
Ib/mmBtu to match the baseline, thus isolating the impact of NOy reductions for purposes of the
modeling. Region 6 also used the same SO, emission rate in its baseline and expected modeling
cases, but instead used an SO, rate of 0.15 lb/mmBtu for both the baseline and future cases.
Region 6’s justification for using the lower SO, rate is that the lower rate is expected in the
future. PNM believes that utilizing the current SO; limit is the more appropriate modeling
method, even though the use of the current limit actually results in higher expected visibility
improvements.

d. The Overall Effect of “Minor Issues” in PNM / NMED Modeling on
Visibility Improvements Expected with SCRs at San Juan is
Significant.

Although it is not surprising that different modeling techniques will generate different
modeling results, it is surprising that Region 6 would perform numerous different visibility
models and choose the one with the highest visibility improvements, even though the chosen
model results are the least consistent and the least realistic of the modeling runs prepared. The
results from the Region’s modeling runs based on the changes in the assumptions described
above are provided in Table 3 below:

Table 3: Comparison of EPA Modeling Results for Mesa Verde

. Variable NH; Constant NH;
e oGl L Method 6 Method 8 Method 6 Method 8
Visibility
Improvements with 0.97 1.45 2.31 2.88
SCRs at San Juan

" This value was chosen by EPA in making its proposed BART determination.

As shown above, Region 6 chose the highest modeled value of the different modeling
runs. That value suggests that visibility improvements associated with installing SCRs at San
Juan will be three times higher than the model that would assume more realistic, site-specific
background ammonia concentrations and the Method 6 post-processing that has been relied upon
by PNM, NMED, and WRAP and by Region 6 itself with regard to SO, (by relying on the
WRAP modeling). Thus, Region 6’s rejection of PNM’s modeling is unjustified and
unnecessarily inflates the expected visibility improvements associated with SCRs.

2. The “Total dv” Metric Is Logically Flawed and Potentially Misleading.

PNM disagrees with Region 6’s reference to “total” visibility improvements in the
proposed FIP because it is meaningless to add deciview improvements together across different
Class I areas. Region 6 states that its “total dv” metric aids in the determination of BART by
providing “a single number for comparing control scenarios to each other.” Region 6 also asserts
that, with the “total dv” metric, “overall impact can be assessed more or less intuitively.”*®

¥ EPA Region 6 Technical Support Document EPA-R06-OAR-2010-0846-0003, page 43 (emphasis added).
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Region 6’s “total dv” metric, however, is not “intuitive.” Adding deciviews from
different locations together simply results in a meaningless overstatement of the visibility
improvements expected with a particular control scenario. The visibility improvement modeled
for each Class | area represents the improvement expected to occur at a specific location on the
8th worst day of visibility impairment (98th percentile) at that particular location. The 8th worst
day is likely to be a different day from area to area, and even if those conditions were to occur on
the same day, it is not possible to view two Class | areas at once. Even if standing near the
border of one area looking toward another, a viewer will experience only the prevailing level of
degradation at that location, not twice that level. Simply put, a 0.5 dv improvement at two Class
I areas does not result in a 1 dv improvement overall. Adding visibility improvements across
multiple Class I areas essentially multiplies the visibility improvement by the number of Class [
areas. The lack of “intuitiveness™ in Region 6’s “total dv” metric should be obvious — if Region
6’s “total dv” theory were applied to snowfall, for example, 1 inch of snow fall in each of two
nearby Class I areas would suggest that the area actually received 2 inches of snow (or 3 inches,
if there were 3 nearby Class I areas; 4 inches, if there were 4 Class | areas; etc.). The visibility
impacts to a region should not depend on the number of Class [ areas present.

The use of a “total dv” metric is also inconsistent with the BART Guidelines, which
directs states to “[u]}se CALPUFF or other appropriate dispersion model to determine the
visibility improvement expected at a Class I area ....”®" The Guidelines further suggest that
visibility improvements should be determined based on the maximum impact to a single Class [
area as follows:

One important element of the protocol is in establishing the receptors that will be used in
the model. The receptors that you use should be located in the nearest Class I area
with sufficient density to identify the likely visibility effects of the source. For other
Class I areas in relatively close proximity to a BART-eligible source, you may model
a few strategic receptors to determine whether effects at those areas may be greater
than at the nearest Class I area. For example, you might chose to locate receptors at
these areas at the closest point to the source, at the highest and lowest elevation in the
Class I area, at the IMPROVE monitor, and at the approximate expected plume release
height. If the highest modeled effects are observed at the nearest Class I area, you
may choose not to analyze the other Class 1 areas any further as additional analyses
might be unwarranted.®®

As such, the use of the “total dv”” metric by Region 6 is not only not “intuitive,” it is also
inconsistent with EPA regulations and guidance. Region 6 should eliminate the misleading
“total dv” metric from consideration in its BART analysis.

¥1 40 C.F.R. Part 51, Appendix Y, IV.D.5 (emphasis added).

¥ 40 C.F.R. Part 51, Appendix Y, IV.D.5 (emphasis added).
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3. Recent Refinements to the CALPUFF Model Made at the Advice of the
Model’s Creator, Joseph S. Scire, Further Confirm SCRs at San Juan Will
Have a Negligible Impact on Visibility in the Surrounding Class I Areas.

In September of 2010, PNM contacted Joseph Scire, Vice President and Manager of the
Atmospheric Studies Group at TRC Solutions, to request a review of PNM’s BART modeling.
Mr. Scire is often referred to as the “father of CALPUFF” because he played a major role in the
development of several widely-used models, including the CALPUFF modeling system, the
CALGRID photochemical model, the Buoyant Line and Point Source (BLP) model, the
MESOPUFF II mesoscale puff dispersion model, the building downwash algorithm in the
Industrial Source Complex (ISC) model, a new building downwash model (PRIME), and the
FOG cooling tower model. Mr. Scire has over 26 years experience in the design, development,
and application of air quality models, including the CALPUFF modeling system, and has taught
more than 60 training courses on the CALPUFF model for government agencies, private
industry, and universities in the United States and abroad. In a report he prepared regarding
PNM’s modeling, Mr. Scire states the following:

One task of this review was to determine if [PNM’s] modeling was conducted in
accordance with the modeling protocols and general industry standards and practices, and
another was to determine if any refinements or enhancements should be made to the
modeling to make it more representative. In addition various elements of the modeling
analysis were independently conducted to confirm the calculations, and while all the data
was reviewed, due to the extensive amount of data, only the final SCR plus sorbet [SIC]
injections runs were recreated and reproduced. The conclusion of this analysis was the
B&V modeling files were properly prepared and implemented. These analyses followed
general industry standards and practices and the B&V protocol, which followed and was
consisted with the WRAP protocol.*

Thus, Mr. Scire not only confirmed that PNM’s modeling was consistent with the
methodology developed for the model he helped create, he also confirmed that PNM’s modeling
was prepared in a2 manner consistent with the modeling prepared by WRAP. Given that Region
6 accepted the WRAP modeling, and used it to support its own positions with regard to SO, in
the proposed FIP, the fact that PNM’s modeling was prepared in a2 manner consistent with the
WRAP modeling suggests that Region 6 need not alter that modeling. It also suggests that the
different modeling results achieved by Region 6 are merely a function of Region 6’s modeling
method, rather than true differences in visibility impacts.

In addition to confirming that PNM’s modeling was conducted appropriately, Mr. Scire
also determined that more recent developments in air quality modeling science and chemistry
could be used to make a more accurate and realistic prediction of the visibility improvements
that might result from installing SCRs at San Juan. Specifically, Mr. Scire considered the
following improvements to the model: (1) a new chemical mechanism introduced in CALPUFF
Version 6.4 that more accurately models the conversion of SO, and NO, into sulfate and nitrate

¥ Joseph S. Scire, CCM, “Analysis of the Issues related to the BART Determinaticn of the San Juan Generating
Station in New Mexico” (March 201 1) (Attachment E).



particles, (2) refining the grid spacing from 4 km to 1 km, and (3) use of the “ammonia limiting
method” (ALM) for determining background ammonia concentrations. Using these three more
recently developed modeling techniques, Mr. Scire found that the greatest visibility improvement
that could be achieved at any Class I area by installing SCRs at San Juan would be less than 0.5
dv per unit, and thus less than what a human can perceive.

E. Summary of Comments on the Cost-Effectiveness Calculations Upon Which the
Proposed FIP Relies

All told, the differences between Region 6’s and PNM’s cost analyses and the modeling
analyses have a dramatic impact on the final results of the cost-effectiveness calculations for
SCR installations at San Juan. As noted above, PNM’s cost effectiveness values for SCR range
from $5,946 to $7,398 per ton. Region 6’s range of $1,579 — $1,920 per ton represents only one
quarter of that estimate. PNM’s cost analysis relies on the expert opinion of engineers with
practical experience that took into account site-specific concerns, and its modeling estimate
relies on more realistic assumptions and more accurate modeling methodologies. As such,
Region 6 should reconsider its BART determination in light of PNM’s cost-effectiveness values.

In addition, although EPA’s BART Guidelines indicate that cost-effectiveness may be
considered in terms of dollars per ton of pollutant removed, PNM also believes that a dollar per
deciview of visibility improvement metric would be more in line with the overall goal of the
regional haze program, namely to improve visibility in national parks and wilderness areas.
Region 6 should recognize that the BART determination it has proposed is not required by a
health-based program - as noted above, San Juan already has sufficient pollution control
technology in place to meet all health-based standards under the Clean Air Act. To properly
gauge cost-effectiveness of Region 6’s proposal in terms of visibility improvements, Region 6
must consider the fact that installing SCRs at San Juan will cost between $78 million and $336
million per deciview, depending on the Class 1 area. These metrics are highly relevant to
determining the cost-effectiveness of controls proposed solely for the purpose of visibility
improvements, as they confirm the exorbitant costs associated with the Region 6 proposal.
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1V. CONCLUSION

PNM appreciates the opportunity to comment on Region 6’s proposed FIP and hopes its
comments will be helpful in ensuring that the proposal properly takes into account the realistic
costs and engineering challenges associated with installing SCRs at San Juan, the minimal
visibility improvements that would result, and the other regulatory alternatives available to
Region 6 in satisfying the regional haze and interstate transport programs in New Mexico. In
particular, PNM hopes Region 6 will fully consider the additional information provided
regarding the potential economic impact of its proposal on the region, given that the proposed
FIP would impose an additional $82 annual burden on every household, where 18 percent of the
population lives below the poverty line, and have a significant impact on every business in the
arca as well. Most importantly, PNM asks Region 6 to delay finalization of a BART
determination for San Juan until New Mexico can complete its SIP revision process and submit a
complete regional haze program to EPA for approval.

Sincerely,

AN

Patrick Themig, Vice President, Generation
Public Service Company of New Mexico




Attachment A: Table of Proposed NO, BART Determinations
for Coal-Fired Electric Generating Units
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Attachment B: Pictures Comparing Site Congestion at
St. John River Power Park and San Juan Generating Station



Photos of San Juan Generating Station

Showing Examples of Site Congestion

Coal
Conveyor
Blocking
Crane
Access
Location




Photos of San Juan Generating Station

Showing Examples of Site Congestion

Photo from
ground

showing
limited space
between units

About 2 truck widths
for cranes —

=




Photos of St. Johns River Power Park

Showing Crane Access

Cranes located to the
either side of the
unit for construction

: Bonler |

Cranes located
between the
two units




Photos of St. Johns River Power Park

Showing Crane Access

Plenty of space
around the units for
the cranes

o

g
Ground space
available near
unit for crane
and lay down




Attachment C: 30-Day Rolling Average NO, Emission Rates at Facilities
Cited in Region 6 Cost Analysis as Capable of Achieving 0.05 ib/mmBtu
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Unit 5

Colbert - Calculated 30 Day Rolling Average NOx vs. Operating Date
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Attachment D: Joseph S. Scire, CCM,
“Analysis of Ammonia in the Four Corners Area” (March 2011)
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Introduction

The CALPUFF model was used by the New Mexico Environmental Department’s Air Quality
Bureau (Department) to predict the impact of Best Available Retrofit Technology (BART)
emission controls on the Public Service Company of New Mexico San Juan Generating Station
(SJGS), Units 1-4. The Department concluded that Selective Catalytic Reduction (SCR) plus
sorbet injection represented BART for these sources. This is based on a five factor analysis that
included the prediction of visibility improvements at Class I areas in the vicinity of the SJGS
relative to the cost of emission controls (e.g., dollars per deciview of visibility improvement).
The highest visibility impacts were predicted at the Mesa Verde National Park, which were
therefore used as the controlling impacts in the BART analysis.

The subject of this report is an analysis of the ambient background ammonia concentrations used
in the air quality modeling by the Department and the SJIGS consultant, Black & Veatch (B&V).
Ammonia is an important parameter in the modeling of ammonium nitrate which is the primary
pollutant affecting visibility due to NOy emissions. Ammonia is a critical component in nitrate
formation. Ammonium nitrate aerosols are in an equilibrium relationship with gaseous nitric acid
that depends on temperature, relative humidity and the availability of sufficient ammonia.

Nitrate tends to form at low ambient temperature and/or high relative humidity. However, nitrate
formation can be blocked even under favorable temperature and humidity conditions if sufficient
gaseous ambient ammonia is not available, which is referred to as an ammonia-limited condition.

CALPUFF requires the specification of monthly ambient ammonia concentrations. The
ammonia can be used along with background sulfate and nitrate concentrations in the CALPUFF
modeling system in a second stage called POSTUTIL to fully implement the technique known as
the Ammonia Limiting Method (ALM). A set of 33 reports, papers and documents were
reviewed in assessing the appropriate ammonia concentrations for the CALPUFF modeling. Of
the references reviewed, the most relevant to ammonia concentrations for visibility assessment in
the Mesa Verde National Park is Sather et al. (2008). The report by the Interagency Workgroup
on Air Quality Modeling (IWAQM) (U.S. EPA, 1998) provides regulatory guidance for
ammonia and discusses typical ammonia values and variability.



Discussion

In the Department’s BART determination and B&V modeling, the monthly ammonia
concentrations shown in Table 1 were used in the CALPUFF modeling.

The recommendations and comments in the IWAQM report include:

» A refined modeling analysis should include background concentrations of ozone and
ammonia that “are allowed to vary in time and space” (p. 6, Section 2, Modeling
Recommendations).

e Accurate specification of ammonia is critical to the accurate estimation of particulate
nitrate concentrations (p. 14).

¢ Recommendations for average ammonia concentrations in forested areas is 0.5 ppb
(within a factor of 2) (p. 14).

e IWAQM references Langford (1992) which provides strong evidence that background
ammonia shows “strong dependence with ambient temperature (variations of a factor of
3 or 4) and a strong dependence on soil pH.” (pp. 14-15). This refers to the significant
seasonal dependence of ammonia that leads to much smaller ammonia concentrations
during the winter months when ambient temperature conditions are favorable to nitrate
formation.

Figure 1 is a plot of monthly average ammonia concentrations predicted by the EPA CMAQ
model. The months shown are January and April, which correspond to the lowest and highest
overall ammonia concentrations. The CMAQ results confirm the IWAQM statements regarding
the importance of considering spatial and time variability of ammonia as well as the temperature
dependence. Winter ammonia concentrations are less than 0.1 ppb in January in the Mesa Verde
area and those in April several times higher in the range of 0.1-0.5 ppb.

Sather et al. (2008) reports on ammonia measurements at several locations, including in the Mesa
Verde National Park over a one-year time period starting in December 2006. Figure 2 is a plot
of the ammonia measurements at five sites, with the purple line corresponding to the
measurements at Mesa Verde. The ammonia measurements during the months of December-
March averaged about 0.1 ppb when the modeling assumed 2 value of 0.2 ppb. During April-
May and October-November, when the modeling assumed 0.5 ppb ammonia, the observed
readings averaged about 0.3 ppb at Mesa Verde. During June-September, the measured
ammonia ranged from 0.2 - 0.6 ppb. The modeling assumed a value of 1.0 ppb during these
months.



The sensitivity of CALPUFF to ammonia concentrations is illustrated in Figure 3 (Scire et al.,
2003) for an IMPROVE site in Wyoming. Using the Ammonia Limiting Method, the predicted
concentrations of nitrate show very little bias with observed and predicted values within about
20-30%. Higher average background ammonia of 0.5 ppb shows an overprediction of
observations by a factor of 2-3 times, while ammonia of 1.0 ppb overpredicts the observations by
a factor of 3-4 times.

The main conclusions regarding the background ammonia concentrations are the following.

¢ The use of monthly-varying ammonia concentrations in Table 1 in CALPUFF is
appropriate and consistent with the observed seasonal variability of ammonia
observations in the Mesa Verde area.

e The range of assumed ammonia concentrations from 0.2 ppb in the winter to 1.0 ppb in
the summer is a conservative approach {i.e., likely to overpredict nitrate impacts) relative
to ammonia observations in the Mesa Verde area.

e The application of further refinement of nitrate using the Ammonia Limit Method (ALM)
in POSTUTIL is appropriate given the conservatism (averaging about a factor of two) of
the assumed ammonia relative to observations. This is consistent with the
recommendations of IWAQM to allow time and space varying ammonia in refined
visibility modeling.



Table 1. Monthly Ammonia Concentrations (ppb) used in the SJIGS BART Analysis.

Month Ammonia (ppb)
January 0.2
February 0.2
March 0.2
April 0.5
May 0.5
June 1.0
July 1.0
August 1.0
September 1.0
October 0.5
November 0.5
December 0.2




CMAQ NH,(gas) MONTHLY AVERAGE

Ammonia Concentrations {ppb)

Ammaonia Congentrations {ppb)| April Average (2002)

lanuary Average (2002

JANUARY 2002 APRIL 2002

Figure 1. Time and spatial variation of ammonia showing strong seasonal and spatial
variability [From Escoffier-Czaja and Scire, 2007, 11" International Conference on
Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
Cambridge, UK]
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Figure 2. Passive ammonia data time series (3-week integrated samples) for the Four
corners area sites. Data collected from December 2006 through January 22, 2008 for the
Mesa Verde site. [From Sather et al., 2008].
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1. Introduction

On July 6, 2005 the U.S. Environmental Protection Agency {(U.S. EPA) published in the Federal
Register the “Regional Haze Regulations and Guidelines for Best Available Retrofit Technology
(BART) Determinations™ (40 CFR Part 51). The regional haze rule requires States to submit
implementation plans (SIPs) to address regional haze visibility impairment in 156 Federally-
protected parks and wilderness areas, commonly referred to as “Class | Areas”. The final rule
addresses BART-eligible sources, which are defined as sources that have the potential to emit
250 tons or more of a visibility-impairing air pollutant, were put in place between August 7,
1962 and August 7, 1977 and whose operations fall within one or more of 26 specifically listed
source categories, of which Coal-Fired Power Plants are one.

The New Mexico Environmental Department’s Air Quality Bureau issued a report dated June 21,
2010 on its Best Available Retrofit Technology (BART) determination for the Public Service
Company of New Mexico San Juan Generating Station (SJGS), Units 1-4. The Department
concluded that Selective Catalytic Reduction {SCR) plus sorbet injection represented BART for
these sources. This is based on a five factor analysis that includes the prediction of visibility
impacts at Class | areas in the vicinity of the SJGS using the CALPUFF dispersion model.

In this report, an analysis was conducted on the air quality modeling conducted in the BART
determination. It was concluded that the BART modeling of the SJGS conducted by the
Department and by Black & Veatch (B&V) was done properly but still overestimates the
visibility impacts of the facility and overestimates the projected visibility changes (deciviews of
improvement in visibility) that would result from the application of SCR with sorbet injection)
technology for NOy control.

There are three main issues within the current BART modeling which lead to an overestimation
of the results. The first is the spatially uniform background values of ammonia were used in the
calculation of ammonium nitrate concentrations. Nitrate is the primary factor affecting visibility
due to NO, emissions. Its formation is sensitive to background ammonia concentrations in the
atmosphere. The use of spatially constant background ammonia concentrations neglects the
changes in ammonia across the modeling domain. In addition, the BART modeling did not
include the effect of consumption of ammonia by background sources of sulfate and nitrate but
rather assumed 100% of the background ammonia was available to the SIGS facility’s plume.
Techniques known as the Ammonia Limiting Method (ALM) have been developed and
implemented in the CALPUFF modeling system to account for these effects (Scire et al., 2003;
Escoftier-Czaja and Scire, 2007). Evaluations using observational data in Wyoming have
demonstrated significant overpredictions of nitrate when neglecting these effects, while the
application of ALM in the CALPUFF model produced good performance in predicting nitrate.
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The second item is the refinement of the CALPUFF chemical mechanism by Karamchandani, ef
al. (2008). The updated chemistry corroborates the conclusions regarding the importance of
ALM and higher grid resolution for the BART analysis.

The third issue is that the coarse grid resolution of 4 kilometers in the BART modeling is
insufficient for the complex terrain environment in the Class I areas of interest in the BART
analysis. More refined, higher resolution simulations with 1-km grid cells more properly
simulates the physical environment of the Class I areas.

An evaluation of the importance of each factor has been conducted at the Mesa Verde Class 1
area, which produced the control limits for the Department’s BART analysis of SJGS’s impacts.
The most important factor is the application of the ALM, which results in deciview (dv) changes
due to SCR plus sorbet injection on Units 1, 2,3 and 4 at the Rank 8 level (or 8" highest day per
year as used in the Division’s BART analysis) of less than 0.5 dv in all cases. The use of higher
grid resolution and the new chemical methodology provide additional refinements and
corroborate the conclusions regarding overestimation of visibility impacts in the Department’s
simulations.

2. Review of Previous Modeling

An extensive review was conducted of BART modeling of the SJGS conducted by Black &
Veatch (B&V) and that reported by the Department. This review included four specific air
quality control scenarios including low NO, burners (LNB) and over-fired air (OFA), Selective
Non-catalytic Reduction (SNCR), Selective Catalytic Reduction (SCR), and Selective Catalytic
Reduction (SCR) and sorbent injection. B&V modeling files were made available to TRC for
this review, including geophysical data, meteorological data, the CALPUFF input and output
files, and supporting written documentation and reports.

One task of this review was to determine if the modeling was conducted in accordance with the
modeling protocols and general industry standards and practices, and another was to determine if
any refinements or enhancements should be made to the modeling to make it more
representative. In addition various elements of the modeling analysis were independently
conducted to confirm the calculations, and while ail the data was reviewed, due to the extensive
amount of data, only the final SCR plus sorbet injections runs were recreated and reproduced.
The conclusion of this analysis was the B&V modeling files were properly prepared and
implemented. These analyses followed general industry standards and practices and the B&V
protocol, which followed and was consisted with the WRAP protocol.



Tables | and 2 contain a listing of each CALMET and CALPUFF input parameter, with the
WRAP protocol value listed along with the B&V protocol value and the value actually used in
the modeling input files. There are a couple of typos in the protocol documents such as
inconsistencies in the number of layers and the layer heights, but these were reconciled and
determined to be errors in the protocol document only. There is some discrepancy in the
monthly ammonia listed in the Department’s summary document versus the B&V protocol as
shown in Table 3, but using the values listed below as “control file” values, the results reported
by both the Department and B&V were reproduced, so the protocol documents were considered
to have typos.

In terms of model refinements, there were three important refinements identified: (a) use of
spatially varying background ammonia and background sulfate, nitrate and nitric acid based on
CMAQ data with the Ammonia Limiting Method (ALM), (b) use of finer grid resolution to more
accurately characterize the significant terrain in the modeling domain, and (c) use of an updated
chemical mechanism to better characterize gas to particle conversion and nitric acid-nitrate
equilibrium. The rationale and impact of these enhancements are discussed in Sections 4-7
below. It should be noted that these refinements were not required for the modeling performed
by B&V as they were outside of the modeling protocol submitted to support the project and
should not be considered additional enhancements to provide more accurate data.

3. Regional Haze Visibility Calculations

The CALMET and CALPUFF non-steady-state models (Scire et al., 2000a,b) are recommended
by the U.S. EPA (Federal Register, 6 July 2005) to perform source-specific subject-to-BART
screening. The CALPUFF system was therefore used for this modeling analysis. The U.S. EPA
has promulgated the CALPUFF modeling system as a Guideline Model for Class [ impact
assessments and other long range transport applications or near-field applications on a case-by-
case basis in situations involving complex flows (U.S. EPA, 2000), and the model is
recommended by both the Federal Land Managers (FLM) Air Quality Workgroup (FLAG, 2010)
and the Interagency Workgroup on Air Quality Modeling (IWAQM, 1998).

CALPUFF predicts the chemical transformation of SO, to sulfate (SO4) and NO to nitric acid
(HNO;) and nitrate (NO3) as well as the transport and dispersion of primary (emitted) particulate
matter (PM). For purposes of visibility, the pollutants of interest are small particles such as
sulfate and nitrate as well as primary PM. The NO; (gas) may also play a role in light
absorption, although it is usually a small factor. Each pollutant is associated with a “light
extinction” efficiency which relates its concentration to the amount of light extinction caused in
the atmosphere. For example, large particles between 2.5-10 microns in diameter have a low
light extinction efficiency of 0.6 while elemental carbon (soot) has a large light extinction of 10.

3



Sulfate and nitrate are hygroscopic, meaning they will absorb moisture and therefore their effect
on light extinction is a function of relative humidity.

There are three methods used in CALPUFF to predict the effect of pollutants on light extinction
and visibility. They are called Methods 2, 6 and 8. The main differences are in the basis of the
light extinction factors and how relative humidity is derived for determining the impact of the
hygroscopic aerosols (sulfate and nitrate). A summary of the major methods is:

Method 2: Recommended by IWAQM (1998). Uses hourly relative humidity in the calculation
of hygroscopic aerosols with an upper limit, which is normally 95% as recommended by the
FLMs. Hourly values of concentration are used to determine hourly light extinction values,
which are then averaged over 24 hours for assessment against a 0.5 deciview or 5% change in
light extinction threshold. The facility impacts on light extinction are then compared to
background values, which the FLMs have determined for each Class I area. These background
values represent pristine conditions, not actual background values of light extinction. The light
extinction equation, called the IMPROVE equation (FLAG (2000)) is:

The equation is:

Bew = 3fRH)[(NH4):S04] + 3ARH)[NH4NOs] + 4[OC] + 1[Soil] + 0.6[Coarse Mass]
+10[EC] + bray (1)

Where Bey is the light extinction (1/Mm), RH is relative humidity (%), (NH4)>SO, is ammonium
sulfate (ug/m3 ), NH¢NOs is ammonium nitrate (ug/m’), OC of organic mass (ug/m3 ), ECis
elemental carbon mass (ug/m’®), Soil is fine particulate matter less than 2.5 microns in diameter
(ug/m’) and Coarse Mass is coarse particulate matter between 2.5-10 microns in diameter
(ug/m’). The term beay is Rayleigh scattering of light (1/Mm) due to the clean atmosphere, The
f{RH) term is a factor to account for aerosol growth due to humidity, which affects the sulfate
and nitrate components only.

Method 6: Recommended by EPA (2005) for BART assessments. Similar to Method 2, except
the relative humidity is based on monthly average values for each Class I area. The background
values of light extinction and background monthly average relative humidity for each Class I
area are provided in tables by the FLMs.

Method 8: Recommended by the FLMs (FLAG, 2010). The main differences between the light
extinction calculations used in Methods 2 and 6 and Method 8 is that Method 8 equations based
on recent work on light extinction called the new IMPROVE algorithm (FLAG (2010). It has

separate equations for small and large sulfate, nitrate and organic particulate matter mass, uses a
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site-specific term for Rayleigh scattering (due to the clean atmosphere) and considers the impact
of NG (gas).

This algorithm provides a better correspondence between the measured visibility and that
calculated from particulate matter component concentrations (Tombach, 2006). The equation is:

b, =2.2 f{(RH ) e[small sulfate]+ 4.8 f,(RH) o [l arge sulfate]
+2.4 f;(RH)e[small nitrate] +5.1f,(RH) »[large nitrate]
+ 2.8 o [small organics]+ 6.1e[large organics]
+10 e [elemental carbon]
+ 1 o[ fine soil]
+1.7 s (RH) ®[sea salt]
+ 0.6 ¢ [coarse matter]
+ Rayleigh scattering (site — specific)
+0.17¢[NO, ]

All of the concentrations are in pg/m’. In Method 8, the 8" highest (98" percentile) predicted
light extinction or deciview change for each year modeled is compared to the threshold value of
0.5 deciview change (approximately 5% change in light extinction). The 0.5 deciview change at
the 98" percentile level is considered by the FLMs (FLAG, 2010) and in the BART guidelines
(EPA, 2005) to contribute to regional haze visibility impairment. A change of 1.0 deciview (or
approximately 10% change in light extinction) is considered as be a just noticeable change in
visibility on its own and therefore causing visibility impairment. Values below 0.5 deciview at
the 98" percentile level are considered below the point at which a change causes or contributes
to a change in visibility. However, the perception of visibility is a complex phenomenon that
depends on many factors not included in the BART analysis, including presence of natural
background effects such as precipitation, fog and biogenic extinction, time of day, lighting,
differences in among human observers, and other factors. In many cases in the real atmosphere,
a change of 1.0 deciview may not be perceived as a noticeable change.

There are several methods used to determine visibility or light extinction. One method is to
“reconstruct” light extinction by measuring the components concentrations of the light extinction
equations above. With this method, 24-hour average concentrations of sulfate, nitrate, elemental
carbon, secondary organic aerosols, fine and coarse particulate matter are analyzed from filters.
In additional measurements of NO; gas are used to compute the light absorption due to NO;.
Another measurement technique is the use of a transmissometer. Transmissometers measure
light extinction over a finite atmospheric path. Their reading are hourly, and normally data are
restricted to conditions with relative humidity less than 90%. A third approach is the use of
nephelometers, which measure scattering of light. As such nephelometers only measure a
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portion of the light extinction budget, i.e., that due to light scattering but not the component due
to light absorption due to gases such as NO; or particles such as soot (elemental carbon).

4. Ammonia Limiting Method

One of the key factors in defining the amount of ammonium nitrate (NH4NQ;) formed in the
atmosphere is the availability of ammonia (NHs). The chemistry involves the following:

1. SOs (gas) is converted to ammonium sulfate (NH4)>SO4 aerosols (particles) in the
atmosphere.

2. NOy (gas) is converted to nitric acid gas (HNO;) and ammonium nitrate particles
(NH4NO3) in the atmosphere.

3. Gases such as SO; and HNO; do not affect visibility. The sulfate and nitrate particles
formed from the conversion process have the major impact on visibility from most power
plants. Other contributors such as organic aerosols, elemental carbon particles, coarse
and fine non-hygroscopic particles and light absorption from NQ- gas usually have
secondary impacts on visibility.

4. The formation of sulfate is a “one way street” process — SO; is converted to sulfate and
remains in this form until removed from the atmosphere. The formation of nitrate is a
“two way street” meaning nitrate aerosols can switch back and forth from the gaseous
nitric acid form (HNO3) to the particle ammonium nitrate form (NH4NQs). This is a very
fast equilibrium relationship which depends on temperature, relative humidity and the
availability of ammonia (NH3). Nitrate aerosols tend to form when the temperature is
cold and/or the relative humidity is high. But even when the temperature and humidity
are “calling for” formation of nitrate, whether nitrate will form depends on the
availability of ammonia (NH3). If it is not available in sufficient quantities, nitric acid
will remain as a gas meaning it will have no impact on visibility. When ammonia is
insufficient, the situation is called “ammonia limited”. The ammeonia limiting method
(ALM) in CALPUFF evaluates whether the “ammonia limited” situation is present or
not.

5. There is a competition for available ammonia between sulfate and nitrate. Sulfate
preferentially scavenges ammonia over nitrate because sulfate has a great affinity for
ammonia. This means the ammonia left after ammonium sulfate has formed is what is
available for forming nitrate. This is a feature of the ALM method — computing
scavenging of ammonia by total background sulfate.

6. Ammonia is known to vary substantially spatially as well as temporally (see Figure 1).
This is very important because ammonia concentrations tend to be low in the winter when
low temperatures make formation of nitrate more likely. When ammonia levels are

6



higher, typically in spring and summer, nitrate formation is limited because of the higher
ambient temperatures.

7. The BART modeling used constant monthly ammonia values (i.e., no spatial variability)
over the entire domain and neglected the fact that ammonia can be scavenged by
background sources. This can greatly overestimate the amount of nitrate formed (see
Figure 2). The following example shows that when using the ALM methed in
CALPUFF, model results match the observations at the Bridger Wilderness Area in
Wyoming fairly well, with no significant bias when considering background sources, but
using constant 0.5 ppb of ammonia without considering background ammonia
consumption overestimates nitrate by a factor of 2-3, while using a constant value of 1
ppb ammonia and no background consumption, nitrate was overestimated by a factor of
3-4.

In order to evaluate the impact of ALM in refining the modeling predictions, simulations of the
SJGS facility were conducted using the B&V’s CALPUFF simulations as the basis. The ALM is
applied as a post-processing step after the CALPUFF runs are made in a program called
POSTUTIL. The POSTUTIL program is a standard component of the CALPUFF modeling
system.

The data used to provide background ammonia concentrations as well as background
concentrations of sulfate, nitrate and nitric acid were derived from modeling simulations of the
EPA Community Multiscale Air Quality Modeling System (CMAQ) of the USA for the year
2002 in order to provide seasonal variability in these parameters. Monthly average data of
concentrations of ammonia and other species were extracted from the CMAQ hourly output at
36-km resolution at the Mesa Verde Class I area. ALM was also applied to other simulations as
described below.



CMAQ NH,(gas) MONTHLY AVERAGE

; Ammonia Concentrations [ppb)
Ammeonia Concentrations (ppb)
January Average (2002) Apri Average (2002)

JANUARY 2002 APRIL 2002

Figure 1. Time and spatial variation of ammonia showing strong seasonal and spatial
variability [From Escoffier-Czaja and Scire, 2007, 11™ International Conference on
Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
Cambridge, UK]



NO,; w/ Constant 0.5, 1.0 ppb NH; and
time-varying NH; -Bridger IMPROVE
Site et
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| & CALPUFF Separatsd Repart il ion {MH3=1 Oppb} |

CALPUFF Pradictad [HOX). Unitr: aqfm""3 HO3

Bridger IMPROVE [NO3). Units: ug/m*~3 of NC3

Figure 2. Impact of using ALM vs. constant ammonia of 0.5 ppb and 1.0 ppb on predicted
nitrate vs. observed nitrate at the Bridger IMPROVE monitor in Wyoming. {From Scire et al.,
2003, AWMA Specialty Conference, Guideline on Air Quality Models: The Path Forward,
Mystic, Connecticut]



5. Updated API Chemistry

A new chemical mechanism has been introduced into a new version of CALPUFF (Version 6.4)
which has been found to improve the accuracy of sulfate and nitrate formation (Karamchandani,
et al., 2009). This mechanism (Karamchandani, er al., 2008) includes better science for the
conversion of SO, and NO, into sulfate and nitrate. The development of this new chemistry
module was sponsored by the American Petroleum Institute (API). The API chemistry option is
now available in an updated CALPUFF code and it represents a potentially better, more accurate
method for computing visibility impacts. Version 6.4 of the CALPUFF program was released in
December 2010 to the public is available on the TRC CALPUFF website (http:/www.sr¢c.com).
This version was not available to B&V during the study period.

Using the latest and best science allows visibility benefits associated with controls to be more
accurately assessed including the cost-benefit calculations of BART analyses. As a result, the
most efficient and cost effective emission controls can be better assessed using the best available
science.

The ALM method can be applied with the new API chemistry as well as with the original
chemical mechanisms in CALPUFF.

6. Grid Resolution.

The Federal Land Managers (FLMSs) and EPA have claimed modeling results with CALPUFF
tend to give lower impacts when finer grid resolution is used in the analysis (EPA, et al., 2009).
Without properly examining all of the factors related to grid resolution, they developed a strategy
to require coarse grid resolution to be used, even though finer grid resolution provides many
technical benefits, including better resolution of terrain in complex terrain areas (such as
Colorado), better resolution of land use variability and a more accurate solution to the chemical
conversion equations. The FLMs and EPA have failed to recognize the relationship between the
grid resolution and the accuracy of the numerical solutions in the model. The modeling
developed by B&V for this project was based on a 4 x 4 km grid resolution and is consistent with
the B&V protocol and the WRAP protocol. For this exercise, a 1 x 1 km grid resolution was
implemented to better represent the wind flow in a complex terrain regime.
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7. Previous Testimony.

Mr. Joseph Scire of TRC previously conducted a review of air quality modeling of the Hayden
Generating Station (Hayden) near Hayden, Colorado by the Colorado Air Pollution Control
Division (Division) in its determination of the Best Available Retrofit Technology (BART) for
the facility. He prepared an expert report and presented testimony at a meeting of the Colorado
Air Quality Control Commission on November 18, 2010. The main conclusion of the analysis of
the Colorado BART modeling is that the Division’s modeling of Hayden significantly
overestimated visibility impacts and overestimates the projected visibility changes (deciviews of
improvement in visibility) that would result from the application of Selected Catalytic Reduction
(SCR) technology for NO, control.

There were three main issues with the Division’s modeling. The first was the use of a temporally
and spatially constant background value of ammonia in the calculation of ammonium nitrate
concentrations. Nitrate is the primary factor affecting visibility due to NOy emissions. Its
formation is sensitive to background ammonia concentrations in the atmosphere. The Division
assumed background ammonia concentrations remained constant at 1 ppb throughout the year,
neglecting the substantial seasonal changes in ammonia concentrations. In addition, the Division
did not inciude the effect of consumption of ammonia by background sources of sulfate and
nitrate but rather assumed 100% of the background ammonia was available to the Hayden
facility’s plume. The Ammonia Limiting Method (ALM} has been developed and implemented
in the CALPUFF modeling system to account for these effects (Scire et al., 2003; Escoffier-
Czaja and Scire, 2007), but the ALM was not used in the Hayden BART modeling. Evaluations
using observational data in Wyoming have demonstrated significant overpredictions of nitrate by
factors of 3-4 when using constant ammonia of 1 ppb, while the application of ALM in the
CALPUFF model produced good performance in predicting nitrate.

The second issue was that the coarse grid resolution of 4 kilometers in the Division’s modeling is
insufficient for the complex terrain environment in the Class I areas of interest in the BART
analysis. More refined, higher resolution simulations with 1-km grid cells would more properly
simulate the physical environment of the Class [ areas.

The third item is the refinement of the CALPUFF chemical mechanism by Karamchandani, ef al.
(2008). The updated chemistry corroborates the conclusions regarding the importance of ALM
and higher grid resolution for the BART analysis.

Additionally, a meeting was held with TRC and a group of Federal Land Managers (FLMs)
representing the National Park Service and Fish and Wildlife Service in Denver, Colorado on
December 10, 2010 to discuss the new chemistry upgrades, model performance results and
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Model Change Bulletins (MCBs) implemented in Version 6.4 of CALPUFF. A second meeting
was held with the U.S. EPA in RTP, North Carolina along with representatives of the western
states utility organization WEST Associates, the American Petroleum Institute (APT) and TRC
on February 16, 2011. The FLMs participated in this meeting by a teleconference line. It was
agreed at the meeting that the FLMs will take the lead on a review and testing of the CALPUFF
model code changes including the new chemistry modules, and MCBs and coordinate with EPA
regarding this issue.
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8. Summary of Refined Modeling.

A set of simulations have been conducted of emissions from the SJIGS facility representing the
SCR and sorbent injection using the three refinements discussed above for 2001-2003 at the
Mesa Verde National Park. Visibility impacts at Mesa Verde defined the controlling impacts for
BART as compared to those impacts predicted at the other 15 class | areas. Except for the
changes discussed above involving ALM, grid resolution and chemistry, the simulations used the
same configuration as in the B&V and Department’s modeling, including the input
meteorological datasets and various model options.

Tables 4-6 summarizes the predicted impacts of the base case SJGS impacts as defined by the
Department and additional simulations with Units 1, 2, 3 and 4 separately and together as a
facility using SCR plus sorbet injection controls. The results indicate with ALM alone (i.e.,
using the Department’s CALPUFF modeling results, but with ALM applied in the post-
processing step), the change in deciview for each Unit separately for the Rank § impacts are less
than 0.5 dv. The impacts with finer grid resolution and the new API chemistry are also provided
in the table. The results in all cases using ALM show impacts from BART controls below 0.5 dv
for each individual unit. For all units combined the changes in dv resulting from the modeling
refinements is from 2-37% lower than in the base case without the refinements.

The conclusions from this analysis are that the Department’s modeling overestimated the impacts
of the baseline emissions of NO, from SJIGS as well as the predicted visibility benefits associated
with SCR plus sorbet injection controls. The predicted impacts of NO, controls, including the
modeling refinement of ALM, show deciview changes for each unit of the SIGS individually
from the baseline case less than 0.5 dv for the Rank 8 values using the Department’s CALPUFF
modeling results for Mesa Verde. Cases using ALM with higher grid resolution (1-km) and/or
the new API chemistry option confirm impacts less than the 0.5 dv threshold of perceptibility for
the NOy control scenarios. For the case of all four units together with NO, controls, the
combined change in dv with the modeling refinements ranges from 0.69-1.01 dv versus the
baseline modeling of 1.1-1.4 dv.
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Table 2. CALPUFF Input Parameters.
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HNamgg Manner opocias will ba madolod Ut Defined prowda by Stmon) PRA0 625 P 625
Specur Group Giow) of vem, W ner Defined
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1000. 2000 3000_| 1000, 2000 300
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Table 3. Background Monthly Ammonia Used in CALPUFF Modeling.
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Attachment F: Comparison of Visibility Improvements Expected with
Different NO, Control Technologies at San Juan Generating Station
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