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1. COMMENTS ON THE MODELING REQUIREMENTS 

OF THE PROPOSED BART RULE
INTRODUCTION
In this section we summarize our comments on the air quality modeling components of the “Regional Haze Regulations and Guidelines for Best Available Retrofit Technology (BART) Determinations; Proposed Rule” (“the Proposed BART Rule”) (EPA, 2004; Federal Register, Vol. 69, No. 87, pp25184, Wednesday, May 5, 2004).  Foremost among our comments (Comment C1) is the need to allow States and Stakeholders the flexibility to use the most appropriate air quality modeling approaches available to assess whether a potential BART-eligible source cause or contribute to visibility impairment at Federally mandated Class I areas (hereafter referred to as “Class I areas”) and how to estimate visibility improvements at Class I areas due to the implementation of the BART controls on a specific source.  The Proposed BART Rule requires the use of the CALPUFF air quality model (Scire et al., 2000a,b) and potentially simplifications thereof to assess whether a potential BART-eligible source cause or contribute to visibility degradation and to estimate the visibility improvements at Class I areas due to the implementation of BART controls.  Although the CALPUFF model should be retained as one of the model options that can be used in the BART process, its science is not as advanced as many current air quality models and States and Stakeholders should have the flexibility to use other more advanced approaches if desired and approvable by EPA.

CALPUFF simplifies many atmospheric processes that are important for estimating visibility impairment at Class I areas due to emissions from potential BART-eligible sources.  For example, Morris, Tana and Yarwood (2003) have shown that the CALPUFF sulfate (SO4) and nitrate (NO3) formation chemistry modules were developed under conditions not representative of those that occur at locations of many potential BART-eligible sources during large portions of the year, are inaccurate compared to current state-of-science chemistry modules, and are out-of-date having been developed over two decades ago (Scire et al., 1983; Atkinson, Lloyd and Winges, 1982).  As noted by Morris, Tana and Yarwood (2003), and discussed in more detail in Section 3 of our report, these limitations of the CALPUFF chemistry modules will likely result in an overstatement of the CALPUFF estimated SO4 and NO3 concentrations due to emissions from potential BART-eligible sources under many conditions.  Thus, we believe that CALPUFF has a role in the BART process as a useful screening model, but States and Stakeholders must have the flexibility to use more current and better science air quality models for their BART assessments.  

A second major set of comments (C2) concerns the procedures to be used for calculating visibility from the air quality modeling results.  The Proposed BART Rule references the Interagency Workgroup on Air Quality Modeling Phase II report (IWAQM, 1998) that delineates procedures for operating the CALPUFF model.  However, there is no discussion in the Proposed BART Rule on how the CALPUFF model estimated SO4 and NO3 concentrations are processed to obtain visibility estimates.  The Proposed BART Rule does reference a document “Summary of Technical Analyses for the Proposed Rule (Evangelista, 2004) that presents example “CALPUFF Analysis” and “CALPUFF Screening Analysis” that uses CALPUFF concentration results to estimate visibility impairment following the procedures in the Federal Land Managers Air Quality Related Values Workgroup (FLAG, 2000).  In the absence of any discussion of how the air quality modeling results from CALPUFF, or other alternative model, will be used to estimate visibility impairment in the Proposed BART Rule, we provide comments on the FLAG assumptions for making such visibility calculations.

The third set of comments discusses the visibility threshold in the Proposed BART Rule used to determine whether a potential BART eligible source cause or contribute to visibility impairment.  The fourth set of comments lists several of the limitations of the CALPUFF modeling system for performing a BART assessment.

The Proposed BART Rule also has several areas where EPA has specifically requested comments; these are discussed in Section 2 of this report.  Section 3 discusses the limitations, uncertainties and inaccuracies of he CALPUFF modeling system for performing a BART assessment.

Summary of Comments on the Modeling Components of the Proposed Rule

Comment C1 – Need for Flexibility in BART Air Quality Modeling Approach:  States and Stakeholders must have the flexibility of using the most appropriate air quality modeling tools for the modeling components of the Proposed BART Rule, with EPA review and approval, including models and procedures that are more scientifically advanced than the CALPUFF model and its derivatives proposed for use in the Proposed BART Rule.

Comment C1.1 – Inconsistencies in preamble and Proposed BART Rule:  There are inconsistencies in the preamble to and the Proposed BART Rule on the proposed potential air quality modeling approaches (EPA, 2004).  Whereas the preamble allows the use of “CALPUFF or other EPA-approved model”, the Proposed Rule is much more restrictive as it requires you “Run CALPUFF…” without mention of the option of using alternative more scientifically valid air quality models.

Comment C1.2 – Need for Modeling Protocol when Performing BART Modeling Analysis:  A Modeling Protocol should be required of all States and Stakeholders who are performing the BART modeling analysis in all cases in order for all interested parties (e.g., EPA, States, Federal Land Managers, Environmentalists, Stakeholders, etc.) to have a chance to understand the proposed modeling approach, how the results will be used and allow comments on the procedures prior to the publication of the final results.  As currently written, the Proposed BART Rule only requires a Modeling Protocol when modeling visibility at Class I areas that are 200 km or more downwind of the source.  Given the different modeling options and uncertainties in the procedures used to calculate visibility in the Proposed Rule (see second major comments under C2 below) and the arbitrary nature of the 200 km downwind distance threshold, we recommend that the Proposed BART Rule require a Modeling Protocol be prepared for all of the BART modeling analysis studies.

Comment C1.3 – Inconsistencies Between the Proposed BART Rule Modeling Approach and EPA’s Modeling Guidelines and Draft Fine Particulate and Regional Haze Modeling Guidance:  There are inconsistencies between the modeling approach in the Proposed BART Rule (EPA, 2004) and EPA’s Air Quality Modeling Guidelines (EPA, 2003) and EPA’s draft fine particulate and regional haze modeling guidance (EPA, 2001).  EPA’s air quality modeling guidelines lists CALPUFF as the preferred model for estimating PSD and NAAQS pollutant concentrations of primary pollutants at distances greater than 50 km or less than 50 km on a case-by-case basis (EPA, 2003).  However, EPA’s draft fine particulate and regional haze modeling guidance specifically states that Photochemical Grid Models (PGMs) be used for simulating secondary PM (e.g., SO4 and NO3) and that Lagrangian models (like CALPUFF) be used just for primary emitted species (e.g., SO2 and PM) (EPA, 2001).  As currently written, the Proposed BART Rule would not allow the use of the EPA preferred Photochemical Grid Models (PGMs) (EPA, 2001) for the BART modeling analysis and instead specifies an air quality modeling approach (CALPUFF) that is specifically identified in EPA’s modeling guidance as being inappropriate for simulating secondary PM (e.g., SO4 and NO3).  Increasing the flexibility in the potential modeling approaches (Comment C1) and requiring the development of a Modeling Protocol to allow EPA and others to review the proposed modeling approaches (Comment C1.2) would alleviate the current inconsistencies and contradictions between the Proposed BART Rule (EPA, 2004) and EPA’s air quality modeling guidelines (EPA, 2003) and draft fine particulate and regional haze modeling guidance (EPA, 2001). 

Comment C1.4 – Need to Define “EPA-Approved Model”:  The preamble to the Proposed BART Rule allows the use of “CALPUFF or other EPA-approved model”.  It is unclear what is meant by “other EPA-approved model” and what process a model needs to go through to be an “EPA-approved model” for performing the BART visibility calculations.  EPA currently has no preferred model for simulating secondary PM and visibility (EPA, 2003).  EPA’s modeling guidelines specifically states that CALPUFF is not a preferred model for AQRVs (i.e., visibility) (EPA, 2003) and EPA’s draft regional haze modeling guidance states that Lagrangian models such as CALPUFF should not be used for simulating secondary PM (EPA, 2001).  There are several models that could be used in the BART analysis that represent much improved science over CALPUFF (see Comment C4 below).  The requirement of a Modeling Protocol for the BART modeling analysis will allow EPA to comment on a case-by-case basis to determine whether the models and modeling approach being proposed by a States or Stakeholders would be EPA-approvable.

Comment C2 – Proposed Procedures for Estimating Visibility Impairment Should be Discussed:  Although the Proposed BART Rule states that “CALPUFF” (Appendix Y to the Proposed BART Rule) “or other EPA-approved model” (preamble to the Proposed BART Rule) be used in the BART visibility modeling, the procedures for converting the CALPUFF, or other model, PM concentration estimates into visibility impairment estimates are not discussed in the Proposed BART Rule.   However, in a companion document to the Proposed BART Rule (Evangelista, 2004), example BART modeling is presented using the CALPUFF model whose output is processed to provide visibility estimates using the procedures provided in the Federal Land Managers Air Quality Related Values Workgroup (FLAG, 2000) report.  These procedures are designed to assess the potential visibility impacts of a new source as part of the New Source Review/Prevention of Significant Deterioration (NSR/PSD) process.  Thus, the visibility comparisons are made against the RHR 2064 visibility goal of natural conditions (no man-made impairment).  The BART determination is quite different as it is looking at sources that are approximately 3-4 decades old (i.e., in existence during 1962-1977) and will mostly not be around much longer, let alone in 2064 when the RHR required natural conditions be achieved.  As stated in the CAA, BART is required 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 such area”.  Thus the CAA is very explicit in this requirement of a potential BART-eligible source that needs to assess whether it currently may be reasonably anticipated to cause or contribute to visibility impairment at a Class I area, not the FLAG procedures that provide conservative estimates whether a proposed new source has the potential to contribute to visibility impairment sometime in the future.  Thus, different procedures that account for current visibility conditions should be used to assess the visibility impacts of a potential BART-eligible sources that are 3-4 decades old rather than the hypothetical future-year natural conditions in the FLAG approach used to evaluate a proposed new source.

Comment C2.1 – Definition of Natural Visibility Conditions:  The Proposed BART Rule states that BART source visibility estimates be compared against “Natural Visibility Conditions” in a Class I area which is define as “those conditions that are estimated to exist in a given Class I area in the absence of human-caused impairment” and references the EPA document “Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule” (EPA, 2003).  The definition of natural conditions is based on the work by Trijonis and co-workers (NAPAP, 1990).  However, this definition is based solely on an estimated level of clean background PM concentration and relative humidity and ignores many other natural causes of visibility obscuration that are not due to “human-caused impairment” including:

· The effects of naturally occurring sea salt (sodium chloride) from the ocean and wind blown alkaline dust off of alkaline flats (e.g., dry lakes) in the west.

· The effects of visibility obscuration due to naturally occurring wildfires that have been suppressed over the last several decades due to human intervention. 

· The effects of naturally occurring wind blown dust, geogenic activity, seeps, earthquakes, severe weather phenomena (tornados, hurricanes, etc.), and non-human living creature emissions (e.g., ammonia, soil disturbance, etc.).

· The effects of naturally occurring meteorological phenomena of fog, clouds, rain, snow, etc. that obscure visibility.  

Natural visibility conditions must include all natural phenomena not due to man-made impairment including naturally occurring particles (e.g., due to sea salt, volcanoes, wind blown dust and wildfires) and naturally occurring atmospheric liquid water content (LWC) (e.g., rain, snow, clouds, fog, etc.).

Comment C2.2 – Extinction Coefficients to Need to be Updated Using Current Information:  The FLAG (2000) report specifies extinction coefficients be used to convert particulate matter (PM) species concentrations to visibility extinction that include a value of 3.0 to convert dry particulate SO4 and NO3 concentrations (in ug/m3) to extinction (in Mm-1).  More recent scientific evidence suggests that a SO4 and NO3 dry extinction coefficients should vary by SO4 and NO3 concentrations and an average value of 2.5 is more appropriate (Lowenthal and Kumar, 2003; ARS, 2004).  The Proposed Rule should allow the flexibility for States and Stakeholders to use the latest best scientific information in their visibility calculations that should be described in the Modeling Protocol prior to performing the analysis to allow review and comment (see Comment C1.2).

Comment C2.3 – Treatment of Relative Humidity (RH) Adjustment Factors:  SO4 and NO3 are hygroscopic PM compounds whose level of visibility impairment depends on the concentration of atmospheric water vapor that is accounted for by applying a relative humidity adjustment factor [f(RH)] to the SO4 and NO3 dry extinction.  The f(RH) factors estimate increasing extinction with increasing RH that becomes essentially exponential at high RH.  The FLAG (2000) document recommends a cap on the RH of 98% when using f(RH) factors; the SO4 and NO3 extinction coefficient at 98% RH will be 18 times greater than the “dry” value at 50% RH or less.  This can greatly overstate the visibility impacts due to a SOx/NOx source because: (1) The incorrect and inaccurate CALPUFF aqueous-phase chemistry will produce enhanced SO4 formation rates under high RH (see Comment C4.4 and Section 3); and (2) RH measurements have an uncertainty of approximately +/-5% for RH above approximately 80%; a measured RH value of 98% that is actually 93% would overstate the visibility extinction due to SO4 and NO3 by a factor of 2.6.  To reduce the sensitivity of this inaccuracy in the visibility calculations a lower cap on the RH should be used, such as a 90% RH cap as recommended by White (Chow et al., 2002).

Comment C3 – Threshold for Visibility Impairment Below Level of Perception:  The Proposed Rule is proposing a 0.5 deciview (dV) change “as the threshold for determining that an individual source is causing a visibility impairment at a Class I area.” This is based on a NAPAP document over a decade old that states that a 5% change over background visibility “will evoke a just noticeable change in most landscapes” (NAPAP, 1990).  This is despite the fact that the paper that introduces the deciview (dV) visibility index used in the RHR states that “a 1 to 2 dV difference corresponds to a small, visibly perceptible change in scene appearance” (Pitchford and Malm, 1994).  More recently, Henry (2002) has found that a 1 dV change is never noticeable and that the deciview level that can be detected by a viewer  varies over a range of 2 to 10 dV.  Thus, the 0.5 dV change threshold to define when a potential BART-eligible source cause or contribute to visibility impairment at a Class I area is not appropriate as it is not perceptible.  Based on Pitchford and Malm (1994) and Henry (2002), a 2.0 dV change threshold would be a more appropriate threshold level of perceptibility.

Comment C3.1 – No Visibility Threshold Proposed for Defining Visibility Improvements due to BART Controls:  The Proposed BART Rule proposed a visibility threshold to determine when a source cause or contribute to visibility impairment at a Class I area, however no threshold is proposed to determine whether BART controls on a specific BART-eligible source results in a visibility improvement.  Clearly if the BART controls result in no perceptible improvement in visibility at a Class I area then it is not a cost-effective strategy for improving visibility at Class I areas because it will have no perceived impact.  Based on Pitchford and Malm (1994) and Henry (2002) a 2 dV threshold of perception would be appropriate. 

Comment 3.2 – Maximum Actual instead of Maximum Allowable Emissions Should be used in the Modeling:  To model whether a potential BART-eligible source cause or contribute to visibility impairment and the visibility improvements due to the implementation of BART controls on the BART-eligible source, the Proposed BART Rule proposes to use the “current allowable emissions level” (EPA, 2004, pp. 25203).  For many potential BART-eligible sources the “current allowable” or maximum potential to emit (PTE) emissions rate is a permitted maximum emissions rate that is much greater than actual emissions of the source.  As clearly stated in the CAA, a BART-eligible source is a source that “emits any air pollutant which may reasonably be anticipated to cause or contribute to any impairment of visibility in any such area”.  This statement does not discuss the potential to emit, but whether a source’s actual emissions have the potential to cause to contribute to visibility impairment at a Class I area.  States and sources should have the option of using maximum actual emissions, rather than maximum allowable or PTE emissions, in their BART analysis provided that the source is willing to adopt these maximum actual emissions as a maximum permitted emissions rate.

Comment C4 – CALPUFF Model Uncertainties, Limitations and Bias Should Limit its use as a Screening Model with More Scientifically Valid and Refined Modeling Approaches Allowed and Even Encouraged in the Proposed BART Rule:  The CALPUFF model contains numerous uncertainties and simplification it its treatment of secondary PM formation that make it an inaccurate model for estimating the visibility impacts of emissions due to potential BART sources.  Fortunately, as discussed in Section 3, many of the technical limitations of the CALPUFF model will result in an conservative (i.e., tending toward overestimation) of the SO4 and NO3 fine particulate concentration estimates and consequently visibility impacts due to emissions from potential BART eligible sources.  Thus, the “CALPUFF analysis” and “CALPUFF Screening Analysis” modeling approaches, as well as derivative approaches, suggested in the Proposed BART Rule (EPA, 2004; Evangelista, 2004; Kaufman and Hawes, 2004) should all be viewed as conservative screening approaches and States and Stakeholders should be allowed to use more advanced and accurate air quality modeling techniques that have better scientific representations of atmospheric processes including simulation of secondary SO4 and NO3 formation.

Comment C4.1 – EPA’s Draft Fine Particulate and Regional Haze Modeling Guidance Recommends CALPUFF be Used Solely for Primary PM Components:  As noted in Comment C1.3, EPA’s draft modeling guidance for regional haze model (EPA, 2001), that is referenced in EPA’s air quality modeling guidelines (EPA, 2003) recommends that “regional scale photochemical grid models” be used to “estimate the effects of a control strategy on secondary components of particulate matter” (including SO4 and NO3) and Lagrangian models such as CALPUFF be used solely to estimate “changes in primary components” of PM (EPA, 2001, pg. 169).

Comment C4.2 – CALPUFF MESOPUFF-II and RIVAD Chemistry Algorithms Based on Out-Of-Date Science Over Two Decades Old:  The CALPUFF MESOPUFF-II and RIVAD chemistry algorithms were developed during the 1980s (Scire et. al., 1983) using out-of-date science (e.g., Atkinson, Lloyd and Winges, 1982).  As discussed in detail in Section 3 and by Morris, Tana and Yarwood (2003), the limitations and bias in the out-of-date CALPUFF chemistry algorithms make it an unreliable and inaccurate model.

Comment C4.3 – Conditions under which the CALPUFF Chemical Mechanism were Developed Not Applicable for Many Potential BART-eligible Sources:  The CALPUFF MESOPUFF-II chemical mechanism was developed using a minimum temperature of 50 degrees F (10 degrees C) that is much warmer than typically occurs at the locations of many potential BART-eligible sources during large periods of the year (e.g., winter, spring and fall), and under ambient background VOC concentrations representative of the urban environment, whereas most potential BART-eligible sources will be located in rural areas.

Comment C4.4 – CALPUFF Aqueous-Phase Chemistry Algorithm Incorrect:  The CALPUFF MESOPUFF-II treats the aqueous-phase conversion of SO2 to SO4 based solely on the hourly surface measured relative humidity (RH), which is a measure if atmospheric water vapor (at a given temperature and pressure).  The CALPUFF RIVAD aqueous-phase chemistry assumes a constant 0.2 %/hr SO2 to SO4 conversion rate that is added to the gas-phase rate.  In reality, aqueous-phase chemistry is affected by atmospheric liquid water content (LWC) (i.e., water droplets) and is not at all affected by RH.  Thus, the CALPUFF aqueous-phase chemistry parameterizations are incorrect. 

Comment C4.5 – The CALPUFF Chemistry Fails to Account for the Effects of NOx and Oxidant Limiting on Sulfate Formation:  Many potential BART-eligible sources will be point sources that emit SO2 and NOx.  It is well known fact of photochemistry that in a NOx point source plume ozone is titrated and photochemistry is shut down due to the high NOx concentrations.  CALPUFF fails to account for the NOx chemistry inhibition effect resulting in overstated SO4 and NO3 formation rates under high NOx conditions.  Furthermore, in such conditions aqueous-phase chemistry will also be very slow due to a lack of available photochemical oxidants (e.g., H2O2 and ozone), however the CALPUFF chemistry does not account for such oxidant limiting effects.

Comment C4.6 – CALPUFF Overestimation Bias at Downwind Distances Beyond 200-300 km:  The IWAQM (1998) testing and evaluation of the CALPUFF modeling system for inert tracer compounds found that it overestimated observed values at downwind distances beyond 200-300 km.  For example, comparisons against the CAPTEX inert tracer measurement “suggest that CALPUFF tends to overestimate surface concentrations by a factor of 3 to 4” (IWAQM, 1998, pg. 18).

Comment C4.7 – The CALPUFF Model will Overstate SO4 and NO3 Concentrations for Many Potential BART-Eligible Sources:  The above limitations and uncertainties in the CALPUFF modeling system introduces an overestimation bias of fine particulate SO4 and NO3 concentration and, consequently, visibility estimates under most conditions.  The higher than actual temperatures and high background VOC used to develop the chemistry algorithms results in an overstatement of SO4 and NO3 formation rates, the failure to account for NOx inhibition effects and oxidant limiting will overstate the SO4 and NO3 formation rates, the overestimation of inert compounds at downwind distances beyond 200-300 km will overstate SO4 and NO3 concentration estimates, and the incorrect and inaccurate CALPUFF aqueous-phase chemistry that doesn’t include oxidant limiting effects introduces uncertainty in the model that can not be quantified.  Again, this overestimation bias does not mean that CALPUFF can not be used as part of the BART process.  In fact a level of overestimation bias may be desirable for a screening model.  It does mean, however, that States and Stakeholders must be allowed to use more scientifically correct air quality modeling approaches that adhere to EPA’s regional haze modeling guidance if desired.

Comment C4.8 – More Advanced PGMs Now Routinely Run for the Annual Cycle:  A common theme in the Proposed BART Rule modeling discussion is a need to use simplified modeling approaches, including “CALPUFF analysis”, “CALPUFF Screening Analysis”, generic look-up tables based on CALPUFF, and emissions divided by distance lists with arbitrary significance threshold.  These approaches appear to ignore the recent advances on one-atmosphere photochemical grid models (PGMs) that are now routinely applied across the annual cycle.  One-atmosphere ozone/PM/visibility models, such as EPA’s Models-3 CMAQ and the CAMx models, have been applied for annual periods for  1996 (EPA and WRAP), 2001 (EPA) and 2002 (WRAP, VISTAS, MRPO, WIDNR).  In addition, PM and visibility source apportionment capabilities have been implemented in photochemical grid models and are being used by WRAP (TSSA in CMAQ) and the MRPO (PSAT in CAMx).  Thus, advanced modeling techniques using PGMs are available that can be used in the BART modeling process to provide a more accurate and refined estimate than those obtained using CALPUFF and are also consistent with EPA’s draft regional haze modeling guidance (EPA, 2001).

2. RESPONSE TO PROPOSED BART RULE REQUEST FOR COMMENTS

Below we respond to sections of the Proposed BART Rule where EPA has specifically requested comments related to modeling portions of the Proposed BART Rule (EPA, 2004).

“Alternatively, we request comment on the option of using hourly modeled impacts from CALPUFF and assessing the improvements in visibility based on the number of hours above a visibility threshold for the pre- and post-control emission rates” (pg. 25189):  There are several advantages in examining visibility metrics at hourly averaging times in addition to the 24-hour averages, such as: (1) visibility perception is an instantaneous occurrence that would be more like the hourly average visibility than the daily averages; and (2) use of hourly visibility calculations can factor out periods at night or other periods when natural phenomena (e.g., fog, rain, etc.) make visibility obscuration due to pollutants an non-issue.  However, the accuracy and reliability of the CALPUFF model for estimating hourly sulfate (SO4) and nitrate (NO3) concentrations has not been established.  Modeling artifacts of the untested CALPUFF model would be more severe using hourly average concentration estimates than with 24-hour estimates.  Thus, any consideration of using CALPUFF hourly estimates should be taken with caution and awareness of the potential occurrence of such artifacts and studies should be undertaken demonstrating the accuracy and reliability of CALPUFF hourly estimates prior to them taking a central role in determining whether a source must be subjected to BART controls.

“Because of uncertainties in assessing the impact of ammonia emissions reductions on visibility, and because PM2.5 will decrease due to SO2 and NOx controls, we are proposing not to include ammonia on the pollutant list at this time.  We request comment on this determination” (pg. 25192):  Many of the technical arguments made not to include ammonia as a BART visibility impairing pollutant are weak.  Under ammonia limited conditions, reductions in SO2 and NOx have the potential to increase visibility impairment due to nitrate replacement where ammonia is “freed up” when SO4 and NO3 is reduced in response to the SO2 and NOx controls and is available to form additional NO3 with available nitric acid which would be opposite to EPA’s argument.  However, we would have to agree with EPA that at this time the ammonia emissions inventory and science of ammonium nitrate formation are sufficiently uncertain that we have much less confidence in the ammonium nitrate results compared to some other species (e.g., sulfate).  Thus, not including ammonia as a visibility impairing pollutant in the BART analysis is probably the correct thing to do at this time.  However, the national Regional Planning Organizations (RPOs) need to have the flexibility to evaluate ammonia’s role in visibility and if appropriate include ammonia controls in their visibility State Implementation Plans (SIPs).

“Specifically, we request comment on whether States should focus greater control requirements on VOC emissions from BART sources in urban areas.  We also request comment on the circumstances under which, in rural areas, for sources subject to BART, States may determine that BART would be no control for VOC” (pg. 25192):  We recognize EPA’s difficulty in dealing with VOCs as a visibility impairing precursor as only certain specific VOC compounds form Secondary Organic Aerosols (SOA) that directly obscure visibility and are only a fraction of the total VOC emissions reported in the inventory.  VOC emissions do promote photochemistry that causes the formation of secondary PM species (e.g., SO4, NO3 and SOA), which is more important in the urban than rural environment where biogenic VOCs can overwhelm those from anthropogenic VOC sources.  However, there are conditions, especially in the western US where biogenic VOCs are less abundant, where a rural VOC source may be just as important as an urban VOC source.  Thus, States should have the flexibility of defining VOC BART controls based on their local conditions using technically justifiable approaches.

“We are proposing to provide the States with the flexibility to identify de minimis levels of pollutants at BART-eligible sources (pg. 25193):  Providing States more flexibility including eliminating sources whose emissions are below a de minimis level is logical and consistent with other programs in the CAAA (e.g., PSD). 

“We request comment on the types of analyses that could be used.  For instance, one approach may be for States to use a regional scale grid model to demonstrate that its BART-eligible sources do not cause or contribute to regional haze” (pg. 25193):  As noted in Section 1, we support the flexibility of allowing States to use more advanced modeling approaches than CALPUFF in their BART determinations, including regional scale grid models.  Such regional scale grid models could be used to demonstrate that a group of BART eligible sources do not cause or contribute to visibility impairment at Class I areas, which would mean each individual BART-eligible source does not contribute.  In addition, with the new generation of grid models and source apportionment techniques (e.g., TSSA and PSAT), such models may also be used to simulate the visibility impacts of a single BART-eligible source.  Again, flexibility for the States to do what is most technically correct given limitations on time and resources should be allowed.

“We request comment on alternative approaches…by which States may determine which BART-eligible sources, if any, to exempt.  For modeling an individual BART-eligible source located more than 50 km from a Class I area, we proposed that an air quality model, such as CALPUFF, be used” (pg. 25193):  We support the concept of using screening approaches to exempt those potential BART-eligible sources that have low emissions or are far away from Class I areas so would not have a perceptible visibility impact at a Class I area and then use air quality modeling to simulate the visibility impacts of the other sources.  Specifics on the approach should be made by the States in consultation with EPA to use the most scientifically valid approach possible.  These approaches could include CALPUFF and other more technically advanced models if desired.

“We also request comment on using a threshold that is more or less than 0.5 deciviews” (pg. 25194):  The only pertinent threshold for visibility is the threshold of perceptible change.  As discussed in Section 1 Comment C3, the authors who introduced the deciview (dV) scale noted that “a 1 to 2 dV difference corresponds to a small, visibly perceptible change in scene appearance” (Pitchford and Malm, 1994).  More recently, Henry (2002) has found a 1 dV change is never noticeable.  Thus, a threshold greater than 0.5 dV, such as 2.0 dV, is more technically defensible.

“We are considering several alternative approaches for making these exemption determinations: (1) CALPUF screening; (2) look-up tables; (3) sources rankings; and (4) emissions divided by difference.  “we request comment on all these approaches.” (pg. 25195):  Conceptually, the idea of using screening techniques to eliminate smaller potential BART-eligible sources and refined modeling techniques for sources that don’t pass the screening approach is attractive.  However, States should not be limited to using just simplified techniques if they desire to use more advanced and technically accurate approaches, even if it means looking at shorter duration periods (e.g., refined analysis using only one or part of a year versus five years of data).   We believe that a more reliable and accurate air quality modeling results for one year is better than five years using a less accurate model.  

Pages 25195-25196:  On these two pages of the Proposed BART Rule there are numerous requests for comments on the different model and non-model approaches on how to determine whether a potential BART-eligible source has a visibility impact at Class I areas.  It is difficult to evaluate the potential validity of the different screening and refined approaches without an evaluation of the approaches and side-by-side comparisons.  Conceptually, the use of screening and refined approaches provides States with flexibility.  However, a comparison study needs to be undertaken to identify the robustness of the different approaches and any pitfalls.

“Alternatively, we are requesting comment on the option of using the hourly modeled impacts from CALPUFF and assessing the improvements in visibility based on the number of hours above the 0.5 deciview threshold for the pre- and post-control emission rates.  We also request comment on combinations of the proposed and alternative options above.  For example, the deciview change for each hour of the 20% worst modeled days could be assessed.  Finally, we request comment on the use of the simpler screening version of CALPUFF to do the analysis.” (pg. 25203):  As noted previously, the accuracy and reliability of the CALPUFF model for simulating hourly SO4 and NO3 concentrations at Class I areas has not been established.  Therefore, we can not at this time promote the use of hourly CALPUFF modeling results that may include modeling artifacts, despite the fact that hourly results are more pertinent to visibility issues.  Also, as discussed above, the 0.5 deciview (dV) change is not perceptible and a 2.0 dV change is more appropriate.  The 20% Worst visibility days are based on 24-hour average concentrations.  It appears inconsistent to then assess the visibility impacts for each hour of the period.  Finally, the use of simpler screening techniques as well as the most advanced modeling approaches should be allowed to provide states the flexibility of using the most appropriate EPA-approvable approach that can be performed within their resource and schedule limitations.

3.  REVIEW OF THE APPROPRIATENESS OF THE CALPUFF MODELING

 SYSTEM FOR ESTIMATIING VISIBILITY IMPAIRMENT

AS PART OF THE RHR BART PROCESS

INTRODUCTION

The May 5, 2004 Proposed BART Rule issued by EPA (2004) as part of the Regional Haze Rule (RHR) process requires the use of the CALPUFF modeling system, and potentially simplifications thereof, to estimate whether a potential BART-eligible source cause or contribute to visibility impairment at Class I areas and to estimate the visibility benefits at Class I areas due to the implementation of BART control measures.  The pollutants due to potential BART-eligible sources that contribute to visibility impairment at Class I areas are sulfate (SO4), nitrate (NO3), secondary organic aerosol (SOA) and primary emitted fine and coarse particulate matter (PM).  The visibility impacts of most potential BART-eligible sources will be mainly due to particulate sulfate (SO4) and nitrate (NO3) concentrations that are formed in the atmosphere through a set of complex chemical reactions that oxidize sulfur dioxide (SO2) and oxides of nitrogen (NOx) that are emitted by many potential BART-eligible source.  Thus, the proper characterization of SO4 and NO3 formation is an essential element for accurately simulating the visibility impacts of potential BART-eligible sources.

 Below we review the appropriateness of the Proposed BART Rule selection of the CALPUFF modeling system and its derivatives as the required air quality model for estimating visibility impairment at Class I areas due to emissions from potential BART-eligible sources.  The CALPUFF modeling system has inherent limitations and uncertainties that make it a questionable tool for accurately estimating the visibility impairment due to sulfate (SO4), nitrate (NO3) and secondary organic aerosol (SOA) impacts due to SO2, NOx and VOC emissions from potential BART-eligible sources.  The highly simplified chemistry algorithms in the CALPUFF model introduce many uncertainties and likely result in an overestimation bias of a potential BART-eligible source’s sulfate and nitrate visibility impacts and it also fails to treat secondary organic aerosols
.  Thus, the Proposed BART Rule should allow the flexibility and even encourage States and Stakeholders to use more advanced models that have better treatment of secondary PM formation processes. 

The purpose of the CALPUFF review below is not to remove or replace the CALPUFF model in the Proposed BART Rule, as it can still be a useful screening tool.  Rather, it is to allow States and Stakeholders the option of using more advanced and accurate models, if desired, with EPA approval.

REVIEW OF THE CALPUFF MODEL FOR BART DETERMINATIONS

Below we review the adequacy of the technical formulation of the CALPUFF modeling for simulating the impacts due to emissions from potential BART-eligible sources on visibility at Class I areas.  The Proposed BART Rule has identified SO2, NOx, VOC and PM as visibility obscuring precursors that have the potential to obscure visibility at Class I areas.  Potential BART-eligible sources consist mainly of combustion point sources that emit SO2, NOx, PM and possibly some VOCs.  Due to the amount of the emissions and their visibility obscuration attributes, by far the largest visibility impacts will be due to secondarily formed particulate sulfate (SO4) and nitrate (NO3).  Thus, secondary PM and the accurate simulation of the chemical conversion of SO2 to SO4 and NOx to NO3 are critical elements of an air quality model being used in the BART determination process.

EPA Air Quality Modeling Guidelines and Guidance Recommends against using CALPUFF for Secondary PM

The CALPUFF model is typically used to estimate PSD pollutant concentrations at Class I areas due to emissions from a proposed new source that are usually 50-200 km away.  EPA recognizes the limitations of the CALPUFF sulfate and nitrate formation algorithms and states in their April 15, 2003 Air Quality Modeling Guidelines that CALPUFF is the preferred model for primary emitted SO2 and PM at distances beyond 50 km, and shorter distances on a case-by-case basis (EPA, 2003).  The Federal Land Managers (FLM) require that new sources address potential visibility and acid deposition impacts at Class I areas due to emissions from a new source, so the CALPUFF model has also been used for those purposes, although EPA’s Air Quality Modeling Guidelines specifically states that CALPUFF is not a preferred model for such purposes.  EPA’s latest “Guideline on Air Quality Models” includes CALPUFF as a guideline model in certain circumstances.  (EPA 2003, Federal Register, 2003, Vol. 68, No.72 pg.18440, Tuesday April 15, 2003).  EPA’s air quality modeling guidelines impose specific limitations on the applicability of the CALPUFF modeling system:

“CALPUFF will be adopted as a refined model for sulfur dioxide and particulate matter ambient air quality standards and PSD increment impact analysis involving: (1) transport greater than 50 km from one or several closely spaced sources, and (2) analysis involving a mixture of both long range and short-range source-receptor relationships in a large modeling domain (e.g., several industrialized areas located along a river or valley)” (EPA, 2003).

Thus, EPA’s air quality modeling guidelines recommend the use of the CALMET/CALPUFF modeling system solely for the assessment of primary emitted sulfur dioxide (SO2) and particulate matter (PM) concentrations for comparison against National Ambient Air Quality Standards (NAAQS) and SO2 and PM PSD concentration increments.  EPA recognizes the deficiencies in the CALPUFF chemistry sulfate and nitrate formation algorithms and EPA’s air quality guidelines explicitly notes that the CALPUFF model is not a recommended model for assessing visibility and acid deposition, which are primarily due to sulfate and nitrate concentrations, as shown in the following quote:

“However, today’s rule addresses the suitability of CALPUFF for PSD increment consumption and for complex wind situations (with case-by-case approval), not AQRV analysis” (EPA, 2003).

The term “AQRV analysis” refers to the Federal Class I area Air Quality Relate Values (AQRV) that include visibility and acid deposition.  

To address secondary PM sulfate and nitrate that are the main components of visibility degradation from potential BART-eligible sources, EPA’s Air Quality Modeling Guidelines (EPA, 2003, pp18455) refer to the EPA draft guidance document: “Guidance for Demonstrating Attainment of the Air Quality Goals for PM2.5 and Regional Haze” (EPA, 2001) that is very specific on the types of air quality models appropriate for assessing air quality and AQRV impacts associated with secondary sulfate and nitrate PM concentrations:

“States should use a regional scale photochemical grid model to estimate the effects of a control strategy on secondary components of PM.  Changes in primary components may be estimated using a numerical grid model (with no chemistry), a Lagrangian model, or in some cases a receptor model” (EPA, 2001, pg. 169).

As noted in the Summary of Technical analyses for the Proposed Rule “CALPUFF is a Lagrangian dispersion modeling system” (Evangelista, 2003, pp 2).  Thus, as a Lagrangian model, EPA’s regional haze modeling guidance (EPA, 2001) is very explicit that it is only appropriate for primary emitted pollutants, that is the primary SO2 and PM species mentioned in EPA’s air quality modeling guidelines (EPA, 2003), not secondary sulfate and nitrate PM impacts as being proposed in the Proposed BART Rule (EPA, 2004).  Thus, the Proposed BART Rule requirement to use the CALPUFF model is in direct conflict with EPA’s air quality modeling guidelines (EPA, 2003) and EPA’s draft fine particulate and regional haze modeling guidance (EPA, 2001).
CALPUFF Chemistry Algorithm Inaccuracies

One of the biggest limitation, uncertainty and source of inaccuracy in the CALPUFF modeling system for use in the RHR BART process is its treatment of the chemical transformation of SO2 and NOx emissions from a potential BART-eligible source into fine particulate SO4 and NO3 that obscures visibility.  In order to understand why the CALPUFF oversimplification of the SO4 and NO3 formation chemical processes will lead to such uncertainties and inaccuracies, with a likely SO4 and NO3 overestimation bias for BART-eligible sources in many cases, we first briefly describe the chemistry of SO4 and NO3 formation.  More details can be found elsewhere (e.g., Seinfeld and Pandis, 1998). 

Overview of Sulfate and Nitrate Formation Processes

There are two options for chemical transformation in CALPUFF, the MESOPUFF-II (Scire et al., 1983) and the RIVAD (Morris et al., 1988) chemistry options.  The Interagency Workgroup on Air Quality Models Phase II report (IWAQM, 1998), that is referenced in the Proposed BART Rule, contains recommended procedures for the regulatory application of CALPUFF that recommends the MESOPUFF-II chemistry option be used.  This option is based on a set of linear regression equations derived from an analysis of a set of “box model” simulations using an out-of-date gas-phase photochemical mechanism (Atkinson, Lloyd, and Winges, 1982).  That is, a series of photochemical box model simulations were performed using an outmoded photochemical mechanism to generate a set of sulfate and nitrate formation rates as a function of environmental variables.  Although there are numerous chemical and environmental variables that affect sulfate and nitrate formation rates, the CALPUFF MESOPUFF-II regression equations describe nitrate and sulfate formation rates based on only four variables.  Thus the CALPUFF MESOPUFF-II chemical transformation approach greatly oversimplifies and neglects many variables important to sulfate and nitrate formation processes. The CALPUFF RIVAD sulfate and nitrate formation equations were also developed during the 1980s (Latimer, Gery and Hogo, 1986) and were designed for the western US rural clean environment.  The CALUFF RIVAD algorithms are a set of highly condensed chemical expressions that describes SO4 and NO3 formation through six variables.  Again, this greatly over simplifies SO4 and NO3 formation neglecting many important variables.

In order to understand the importance of the simplified CALPUFF MESOPUFF-II and RIVAD chemistry algorithms and how it affects a potential BART-eligible source visibility assessment, a summary current knowledge on sulfate and nitrate formation chemistry is reviewed below.

Real-World Gas-Phase Photochemistry and the Radical Cycle

The formation of sulfate and nitrate in gas-phase chemistry is accomplished by reactions between SO2 and NO2 with the hydroxyl (OH) radical whose formation is governed by the photochemical radical cycle (Seinfeld and Pandis, 1998).  There are literally thousands of reactions and hundreds of chemical species that participate in the photochemical radical cycle.  Some of the important reactions can be roughly described as follows (note that there are hundreds of VOC compounds):
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Thus, the chemistry of the hydroxyl (OH) and peroxyl (HO2) radicals governs gas-phase sulfate and nitrate formation rates.  The chemistry of the OH/HO2 radicals also provide the key precursors (H2O2 and O3) to aqueous-phase sulfate formation (see below).  Some of the key parameters that govern the OH levels, and consequently gas-phase chemistry sulfate and nitrate formation rates, are as follows:

· Amount of sunlight (UV) – more sunlight produces more OH radicals with the level of OH radicals at night much lower than during the day;

· Ozone Levels – more ozone produces more OH radicals;

· VOC Levels and Reactivity – more and higher reactivity VOCs will generally produce higher OH concentrations;

· NOx Concentrations – at higher NOx concentrations, OH levels drop and sulfate and nitrate formation slows down;

· Temperature – Higher temperatures promote higher OH concentrations with much lower OH concentrations at low temperatures; and

· Water Vapor Concentrations – Higher water vapor concentrations (i.e., relative humidity) also produces higher OH concentrations.

Real-World Secondary Organic Aerosol Formation

Several specific VOC compounds form condensable gases (CG) when oxidized by the hydroxyl radical (OH) that in turn can condense into Secondary Organic Aerosols (SOA) that can obscure visibility:

VOC + OH ( CG + … (( SOA

The formation of CGs depends on the photochemical radical cycle described above.  The condensation of CG to SOA is a reversible operation that depends on several meteorological and chemical variables (e.g., temperature).

Real-World Aqueous-Phase Chemistry

Aqueous-phase chemistry refers to chemical reactions taking place within water droplets.  Note that aqueous-phase chemistry is very dependent on the atmospheric Liquid Water Content (LWC, e.g., LWC in clouds and fog), but not on the gaseous water vapor content (e.g., as represented by relative humidity).  Although high relative humidity (RH) occurs when there is atmospheric LWC (clouds and fog), it is possible to experience high RH with no or little atmospheric LWC (e.g., eastern US).  When this happens, there will be no aqueous-phase chemistry.

Aqueous-phase chemistry can be an important process for sulfate formation.  The main chemical pathways for sulfate formation in liquids water droplets are reactions with ozone, hydrogen peroxide, oxygen catalyzed by metals, and radicals as discussed below (Seinfeld and Pandis, 1998):
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Ozone (O3) – ozone has a relatively low solubility in water, but since ozone is ubiquitous in the atmosphere, its reaction with SO2 dissolved in water droplets is widely important.  The decrease in the solubility of SO2 at low pH means that this reaction becomes unimportant at pH below ~4.  Thus, this reaction is self-limited because as sulfate is formed in the liquid phase the pH is reduced thereby limiting the amount of SO2 that can enter the water droplet, limiting the amount of sulfate that can be formed through the ozone reaction.

Hydrogen peroxide (H2O2) – hydrogen peroxide reacts very rapidly with SO2 in a water droplet such that this reaction can almost be considered a titration.  In other words, hydrogen peroxide and SO2 will react quickly in a water droplet until one of them is depleted.  In practical terms this may mean that the rate of conversion of SO2 to sulfate by this reaction is limited to the rate at which hydrogen peroxide can be formed by photochemical reactions.  In contrast to the SO2-ozone reaction, this reaction has little overall pH dependence because the rate constant has a strong pH dependence (increasing at low pH), which offsets the opposing effect of pH on the solubility of SO2.

Oxygen (O2) catalyzed by metals – molecular oxygen dissolved in cloud water does not react directly with SO2 at any appreciable rate.  However, two metal ions (Mn2+ and Fe3+) are known to catalyze this reaction; they promote the oxidation of SO2 to sulfate by O2 without being removed in the process.  Sources of the metal ions include crustal material suspended in water droplets.

Radical Reactions – radicals such as OH and HO2 are formed by photochemical reactions in the aqueous phase and may diffuse into cloud water from the gas phase.  These radicals can oxidize SO2 to sulfate.

The aqueous-phase reaction with H2O2 is believed to be most important followed by the reaction with ozone.  Almost all of the aqueous-phase SO2 oxidizing agents (H2O2, O3, and radicals) are formed in gas-phase photochemical reactions that are described above.

Real-World Gas-Aerosol Equilibrium

The gas-phase and aqueous-phase oxidations of SO2 and NO2 generate gas-phase reaction products (e.g., H2SO4 and HNO3).  Sulfuric acid (H2SO4) has very low volatility and so readily condenses to particulate sulfate that may be neutralized by a basic compound, such as ammonia, if available.  Nitric acid (HNO3) is more volatile and will remain in the gas-phase unless it encounters a basic compound, usually ammonia (although sodium may also be important in coastal areas).  There exists equilibrium between sulfate, nitrate, and ammonia with the sulfate preferentially taking the ammonia over the nitrate.  Thus, particulate nitrate formation requires the presence of ammonia.  The equilibrium between nitric acid and particulate nitrate is also temperature- and RH-sensitive as follows:

· Temperature – higher temperatures produces more gaseous nitric acid and less particulate nitrate;

· Relative Humidity (RH) – higher relative humidity produces more particulate nitrate and less gaseous nitric acid.

This explains why there is very little particulate nitrate on hot summer days.
Description of the CALPUFF MESOPUFF-II Chemistry Algorithm


Actual atmospheric sulfate and nitrate formation involves thousands of reactions and hundreds of species and other environmental variables.  The MESOPUFF-II chemistry simplifies these transformation pathways to only four equations as follows: 
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Where,

SO2 is the puff average sulfur dioxide concentration

NOx is the puff average oxides of nitrogen concentrations

SO4 is sulfate concentrations formed from the SO2
HNO3 is the nitric acid formed from the NOx

NO3 is the particulate nitrate that is in equilibrium with the nitric acid

NH3 is the background ammonia concentration

Daytime Rates

k1 
= 36 x R0.55 x [O3]0.71 x S-1.29 + k1(aq)

k1(aq) 
= 3 x 10-8 x RH4  (added to k1 above during the day)

k2 
= 1206 x [O3]1.5 x S-1.41 x [NOx]-0.33
k3 
= 1261 x [O3]1.45 x S-1.34 x [NOx]-0.12
Nighttime Rates

k1 
= 0.20 (%/hr)

k2 
= 0.00 (%/hr)

k3 
= 2.00 (%/hr)

with,

k1 
is the SO2 to SO4 gas-phase transformation rate (%/hr)
k1(aq) 
is the SO2 to SO4 aqueous-phase transformation rate (%/hr)

k2 
is the NOx to HNO3+RNO3 transformation rate (%/hr)

k3 
is the NOx to HNO3 (only) transformation rate (%/hr)

S 
is the stability index ranging from 2 to 6

(PGT class A&B=2, C=3, D=4, E=5, F=6)

R
is the total solar radiation intensity (kw/m2)

RH
is the relative humidity (%)

[O3] 
is the user provided background ozone concentrations (ppm)

[NOx] 
is the plume average NOx concentration (ppm)

NH3 
is the user provided background ammonia concentrations

An analysis of the MESOPUFF-II algorithms reveals that the following are the four parameters that govern the CALPUFF MESOPUFF-II sulfate formation chemistry:

· Solar radiation (sunlight);

· Background ozone concentration;

· Atmospheric stability class; and

· Relative Humidity.

For nitrate formation, the following are the four parameters in the CALPUFF MESOPUFF-II scheme:

· Day versus night;

· Atmospheric stability;

· Background ozone concentrations; and

· Plume NOx concentration.
The MESOPUFF-II daytime sulfate and nitrate formation rate equations were generated by running regression equations for the few variables described above on 144 photochemical box model simulations (Scire et al., 1983) that used the 1982 photochemical mechanism of Atkinson, Lloyd and Winges (1982).  These 144 box model simulations varied ambient temperature, ozone concentration, sunlight intensity, VOC concentrations, dispersion rate (through atmospheric stability) and plume NOx concentrations as shown in Table 3-1.  The Atkinson, Lloyd, and Winges (1982) photochemical mechanism is now very out of date. Furthermore, the 144 conditions analyzed to generate the CALPUFF MESOPUFF-II transformation equations represents a very limited set of conditions that in turn limit the applicability of the CALPUFF model.  For example, the development of the MESOPUFF-II transformation rates did not address colder temperatures less than 10 degrees C (50 degrees F) or cleaner rural atmospheric conditions with VOC concentrations less than 50 ppbC.  Many potential BART-eligible sources are located in rural areas of the eastern US where temperatures during the Spring, Fall and Winter fall well below 50 degrees F and background VOC concentrations are lower than 50 ppbC, thereby falling out of the range of environmental conditions used in the development off the CALPUFF MESSOPUFF-II chemical mechanism.

The k1(aq)  sulfate formation rate is added to the k1 rate during the day as a surrogate for aqueous-phase sulfate formation.  It starts to become important above approximately 50% RH (~0.2 %/hr sulfate formation rate) and peaks at 100% RH (3%/hr sulfate formation rate).

Table 3-1.  Parameter variations in the 144 photochemical box model simulations performed to develop the CALPUFF MESOPUFF-II sulfate and nitrate formation algorithms (Source: Scire et al., 1983).
	Surrogate

Parameter
	Number of

Variations
	Model Input Parameters

And Variations

	Season
	3
	Temperatures of 30, 20 and 10 (C were used for the, respectively, summer, fall and winter seasons.  Diurnally varying clear skies solar radiation was assumed for each season corresponding to a latitude of 40(.

	Background Air Reactivity
	4
	For the summer season the following four levels of background ozone and VOCs were used:      

Ozone

(ppb)

VOC

(ppbC)

20

50

50

250

80

500

200

2,000

For fall and winter the ozone concentrations were assumed to be 75% and 50% of the summer levels.

	Dispersion
	2
	Two different rates of plume dispersion were used: (1) a stable case with a wind speed of 1.5 m/s and; (2) a slightly unstable case with a wind speed of 5.0 m/s.

	Release Time
	2
	Photochemical box model simulations were performed with release times of sunrise and noon.

	Plume NOx Concentration
	3
	Initial plume NOx concentrations of 7, 350 and 1400 ppb were used.


Description of CALPUFF RIVAD Chemistry Algorithm

The RIVAD chemical transformation algorithm was developed by Latimer, Gery, and Hogo (1986) for estimating SO2 and NOx transformation rates in a rural, low reactivity environment of the western US.  In the RIVAD approach, sulfate and nitrate formation rates are estimated by calculating a hydroxyl radical (OH) concentration assuming that it is in steady-state.  This is done by first estimating the steady-state concentration of the O(1D) oxygen atom (O singlet D) from which the OH concentration can be estimated:


[O(1D)]
=
{k34(hv) x [O3]} / {k35 + k36 x [H2O]}





d[OH]/dt
=
{2 x k36 x [O(1D)] x [H2O] – k37 x [OH] x [SO2]



 – k38 x [OH] x [NO2]}


[OH]

=
{2 x k36 x [O(1D)] x [H2O]} / {k37 x [SO2] – k38 x [NO2]}


With this steady-state OH concentration, pseudo first-order SO2 to sulfate and NO2 to total nitrate (nitric acid plus particulate nitrate) transformation rates are calculated as:
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-{1 / [NO2]} x {d[NO2]/dt}
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where,


k34
=
1.3 x 10-3 (cosZs)2.74  ppm-1 min-1

k35
=
4.45 x 1010 ppm-1 min-1

k36
=
3.4 x 105 ppm-1 min-1
k37
=
2.0 x 103 ppm-1 min-1
k38 
=
1.4 x 104 ppm-1 min-1
   
cos(Zs) is the cosine of the solar zenith angle.

The RIVAD chemical transformation does not explicitly calculate the aqueous-phase oxidation of SO2 to sulfate.  Instead a constant SO2 oxidation rate of 0.2 %/hr is added to the homogeneous SO2 oxidation (sulfate formation) rate discussed above to account for aqueous-phase chemistry.  As the homogeneous sulfate formation rate goes to zero at night, this results in a constant 0.2%/hr sulfate formation rate at night for the RIVAD approach (the same as MESOPUFF II).

The above discussion on the CALPUFF RIVAD chemistry implementation is taken from the CALPUFF user’s guide (Scire et al, 2000b).  After performing testing and evaluation of the CALPUFF chemistry algorithms we noted that the RIVAD algorithm also has a treatment for nighttime nitrate formation that is not discussed in the CALPUFF user’s guide.  An examination of the CALPUFF source-code reveals the following steps for estimating nighttime nitrate formation rates in the RIVAD approach:

· Estimate NO3 as a function of NO2 and O3 concentration and RH;
· Estimate N2O5 as a function of NO3 and NO2 concentration and RH; and 
· Estimate nitrate formation as a function of N2O5 concentration and RH.
Summary of the Two CALPUFF Chemical Transformation Algorithms

Although the CALPUFF MESOPUFF-II and RIVAD chemical transformation algorithms implemented in the CALPUFF are conceptually different, one is based on a regression analysis of a series of chemistry box model simulations whereas the other is a highly condensed algebraic expression that invokes the steady-state assumption, they both use just a few plume and environmental background variables to calculate the SO2 and NOx oxidation rates.  These are summarized in Table 3-2 below.

Table 3-2.  Summary of variables used in the two CALPUFF chemical transformation algorithms.

	Variable
	CALPUFF Transformation Algorithm

	
	MESOPUFF-II
	RIVAD

	Plume NOx Concentration
	Yes
	Yes

	Plume SO2 Concentration
	No
	Yes

	
	
	

	Temperature
	No
	Yes

	Relative Humidity
	Yes
	Yes

	Solar Intensity/Zenith Angle
	Yes
	Yes

	Atmospheric Stability
	Yes
	No

	Background Ozone Concentration
	Yes
	Yes

	Background Ammonia Concentration
	Yes
	Yes


CALPUFF Chemistry Limitations, Uncertainties, and Bias

Clearly CALPUFF neglects important chemical processes necessary to accurately estimate visibility impairment at Class I areas due to SO4, NO3 and SOA fine particulate concentrations due to SO2, NOx and VOC emissions from potential BART-eligible sources.  In some cases these inadequacies in the CALPUFF chemistry algorithms introduce uncertainties into the calculation of estimated SO4 and NO3 concentrations and resultant visibility  impacts.  In many cases, however, the simplifications made in the CALPUFF description of chemical processes result in an overestimation bias in the estimated SO4 and NO3 concentrations and visibility impacts due to emissions from potential BART-eligible sources.  As CALPUFF does not even treat SOA formation, it is clearly understated.  However, it is likely that a vast majority off potential BART-eligible sources will have little or no VOC emissions that are SOA precursors and it is expected that the visibility impacts of SO4 and NO3 will dominate for most potential BART eligible sources.  It should be noted that there are (undocumented) versions of CALPUFF that have some sort of SOA treatment, but this is not available in the official EPA version of CALPUFF and has not been evaluated.

CALPUFF’S Inaccurate Aqueous-Phase Sulfate Formation Algorithm

CALPUFF’s MESOPUFF-II chemistry treats aqueous-phase sulfate formation solely as a function of relative humidity (RH), with values that range from approximately 0.2 %/hr at 50% RH to 3.0 %/hr at 100% RH.  Relative humidity is a measure of the content of water vapor in the atmosphere.  As discussed above, in reality aqueous-phase sulfate formation will depend on the amount of atmospheric Liquid Water Content (LWC) in cloud or fog droplets, the pH of the water droplets, and the level of H2O2, ozone, and SO2 concentrations.  Thus, in reality aqueous-phase sulfate formation chemistry is not at all affected by RH.  In this regard, the CALPUFF aqueous-phase chemistry parameterization is incorrect.  Although under conditions of clouds and fog there will be high RH, the occurrence of high RH with very little or no clouds or fog can be quite frequent in the eastern US.  

In a liquid water droplet, the reaction of SO2 with H2O2 to form sulfate is instantaneous and is usually limited by the amount of H2O2 present (i.e., oxidant limited) for aSO2/NOx source like most potential BART-eligible sources.  Once the H2O2 is reacted away in the water droplet, sulfate formation via this pathway slows to the rate of H2O2 formation.  Thus, CALPUFF replaces actual aqueous-phase chemistry that is spotty but intense, occurring where clouds and oxidants are available, with a more continuous low-level sulfate formation rate that occurs anytime RH is 50% or higher, whether clouds are present or not.  This introduces an inaccurate representation of sulfate formation that creates uncertainties in the modeling results.  This uncertainty will produce overestimation and underestimation bias in the estimated sulfate formation rates that in turn would provide inaccurate sulfate concentration and visibility estimates.  In this case it is difficult to postulate whether the incorrect characterization of aqueous-phase chemistry sulfate formation in the CALPUFF MESOPUFF-II chemistry will result in an overestimation or underestimation bias.  However, as discussed in more detail below, because of the high SO2 and NOx concentrations in many of the potential BART-eligible source plumes, the CALPUFF representation of aqueous-phase chemistry sulfate formation will likely overstate the sulfate formation rate in such plumes, especially near the source, because it neglects the oxidant limiting effect.  

The CALPUFF RIVAD chemistry module accounts for aqueous-phase sulfate production by adding a constant 2 %/hr sulfate formation rate to the gas-phase estimate.  Thus 0.2 %/hr sulfate formation rate is included whether there is any LWC or oxidants available.  Thus, like the MESOPUFF-II approach, the RIVAD aqueous-phase sulfate formation would likely overstate sulfate formation near the source for many potential BART-eligible sources because it fails to account for NOx inhibition and oxidant limiting effects.

CALPUFF’s Inadequate Treatment of Photochemistry and the Radical Cycle Leads to Erroneous Sulfate and Nitrate Formation Rates
As noted above, the correct depiction of gas-phase and aqueous-phase sulfate and nitrate formation requires the accurate estimation of the hydroxyl (OH) radical, which depends upon the correct simulation of photochemistry and the radical cycle.  The CALPUFF MESOPUFF-II and RIVAD chemistry algorithms are oversimplified and inaccurate representations of these processes and would therefore incorrectly describe sulfate and nitrate formation from a potential BART-eligible SO2 and NOx source.  Seigneur and co-workers (2000) have evaluated full-science representations of photochemistry against simplified representations, which are more advanced than those used in the CALPUFF model, and concluded that they are inadequate for describing sulfate and nitrate formation processes,

“These results indicate that the accurate prediction of source-receptor relationships for PM2.5 requires a comprehensive treatment of PM2.5 formation from gaseous precursors for the secondary components of PM2.5 and a spatially resolved treatment of transport processes for primary PM2.5.  Simplified treatments of either atmospheric chemistry or transport are appropriate only when the secondary or primary components of PM2.5, respectively, are not significant.  Therefore, the development of source-receptor relationships for PM2.5 should be based on air quality models that provide comprehensive descriptions of atmospheric chemistry and transport” (Seigneur, et. al., 2000).

Morris and co-workers (1998) also compared the PM estimates from a comprehensive full-science PM model with those from a PM model with a simplified empirical chemical mechanism that was developed in a manner similar to the mechanism in CALPUFF and by the same scientist.  Based on the evaluation of the full-science and empirical chemistry PM models against observed PM concentrations, Morris and co-workers (1998) concluded:

“Given the importance of the radical cycle for determining secondary PM formation rates, it appears that empirical gas-phase algorithms are inadequate for determining secondary PM formation.”  (Morris et. al., 1998).

There are literally hundreds of atmospheric parameters that affect SO4 and NO3 formation, whereas the CALPUFF MESOPUFF-II and RIVAD chemistry algorithms only account for 5-6 of them (see Table 3-2).  Thus, the CALPUFF chemistry algorithms fail to account for many environmental parameters that are necessary to simulate sulfate and nitrate formation rate, including VOCs and their reactivity, temperature (MESOPUFF-II), liquid water content (LWC), and NOx concentrations (for MESOPUFF-II sulfate formation).  In their evaluation against full-science PM models and observations, Seigneur and co-workers (2000) and Morris and co-workers (1998) both independently demonstrated that the empirical chemistry modules, as employed by CALPUFF, are inadequate for estimating sulfate and nitrate formation. 

The Limitations and Deficiencies in CALPUFF’s Chemistry Lead to an Overestimation Bias of Impacts from the Potential BART-eligible SO2 and NOx Emission Sources

The CALPUFF MESOPUFF-II and RIVAD chemistry neglects several environmental parameters and chemical processes that are important in simulating sulfate and nitrate formation from SO2 and NOx emissions from potential BART-eligible sources.  These deficiencies lead to the overestimation of sulfate and nitrate impacts, as discussed in greater detail below.

1. Lack of Temperature Effects: Photochemistry is known to be highly temperature sensitive, as evidenced by the fact that elevated ozone concentrations tend to occur on hot summer days.  Thus, lower temperatures will produce lower OH radical concentrations and consequently lower sulfate and nitrate formation rates.  The CALPUFF MESOPUFF-II sulfate and nitrate formation rates, however, do not include any temperature effects.  Thus, under cold conditions CALPUFF will overstate sulfate and nitrate formation rates and impacts.  Also under colder temperatures, NOx will be converted to peroxyacetyl nitrate (PAN) so that the NOx is no longer available to be converted to nitrate.  The CALPUFF MESOPUFF-II and RIVAD chemistry algorithm completely ignores the PAN sink of NOx and so overstates a potential BART-eligible source’s NO3 impacts.

2. Too High Temperature Conditions:  The CALPUFF MESOPUFF-II was developed under temperature conditions that ranged from 10 (C (50 (F) to 30 (C (86 (F) (see Table 3-1).  With the possible exception of the southern regions of the US, temperatures in the winter, fall and spring over much of the US, where most of the potential BART-eligible sources reside, are usually much lower than the minimum temperature value (50 (F) used in the development of the CALPUFF MESOPUFF-II chemistry algorithms.  As it is well known that higher temperatures produce more photochemical activity and consequently higher SO4 and total NO3 formation rates (e.g., why higher ozone and SO4 occurs during the summer), then the CALPUFF MESOPUFF-II chemistry overstated temperature conditions will overstate SO4 and total NO3 formation rates.

3. Failure to Account for Effects of NOx Emissions on Gas-Phase Sulfate Chemistry Results in an Overstatement of the Sulfate Impacts:  Many of the potential BART eligible sources will emit NOx and SO2 emissions.  The plume downwind of the stack of such sources will contain high concentrations of NOx and SO2.  It is a well known fact of photochemistry that under high NOx concentrations, radical concentrations are greatly reduced, resulting in very low ozone, sulfate, and nitrate formation rates (e.g., NAS, 1992; NARSTO, 2000).  This is due to the NOx inhibition effect on photochemistry whereby: (1) the titration of NO with ozone eliminates ozone and its source as a radical generator; and (2) the high NO2 concentrations eliminate the OH radical via the NO2 + OH reaction.  Thus, in the plume near the source of such SO2/NOx sources, there will be very low OH radical or ozone concentrations and consequently very low gas-phase sulfate or nitrate formation.  The CALPUFF MESOPUFF-II chemistry does not recognize, however, the NOx effect on the sulfate formation.  As a result, the model will overstate the sulfate formation rate in the SO2/NOx source plume near the source, which in turn leads to overstating the sulfate impacts of a potential BART-eligible SO2/NOx source.  As potential BART-eligible SO2/NOx source plumes are buoyant, they will frequently be emitted aloft in a stable layer where the high NOx concentrations and inhibited sulfate and nitrate formation rates could persist far downwind.

4. CALPUFF’s Aqueous-Phase Chemistry Overstates Sulfate Formation Rate Near the Source: Previously we noted that the CALPUFF aqueous-phase sulfate formation algorithms were incorrect so introduce errors and uncertainties in the analysis.  For a potential BART-eligible SO2/NOx source plume, however, the CALPUFF MESOPUFF-II and RIVAD aqueous-phase chemistry will introduce a bias toward overstating actual sulfate formation rates near the source.  The CALPUFF MESOPUFF-II and RIVAD chemistry algorithms use a surrogate reaction to account for aqueous phase sulfate formation chemistry where the MESOPUFF-II one is based solely on relative humidity (RH), whereas the RIVAD one uses a constant value (0.2 %/hr).  In a SO2/NOx source plume near the source, ozone will be eliminated by the titration reaction with NO and radical concentrations will approach zero due to the high NOx concentrations.  Thus, when the SO2/NOx source plume encounters clouds or fog, the dominant aqueous-phase chemistry reaction will be with hydrogen peroxide (H2O2), whose reaction with SO2 to form sulfate in a water droplet can essentially be considered instantaneous.  Thus, the aqueous-phase formation rate of sulfate in the SO2/NOx source plume will be limited by the amount of H2O2 present, as there is ample SO2 present in the plume (i.e., sulfate formation rate will be oxidant limited).  Within a few tens of kilometers of the source, plume concentrations of SO2 will be in the ppm range, whereas a high H2O2 concentration would be 10 ppb (1000 ppb = 1 ppm).  Once the SO2 reacts with the H2O2 in the clouds/fog, the H2O2 is eliminated and further sulfate formation will be limited by the rate of H2O2 production, which will be essentially zero due to the elimination of the radicals in the plume due to their reactions with NOx.  For example, a SO2/NOx source plume with 10 ppm of SO2 that encounters a cloud with 10 ppb of H2O2 (a high level of H2O2) would only generate 10 ppb of sulfate (oxidant limited chemistry).  The CALPUFF MESOPUFF-II aqueous-phase chemistry algorithm, which does not account for oxidant limitation, however, would estimate a 3.0 %/hr sulfate formation rate under cloudy (i.e., 100% RH) conditions, producing 300 ppb of sulfate over an hour.  The RIVAD constant aqueous-phase chemistry surrogate would also overstate sulfate formation rate under these conditions by a factor of 2.  Thus, in this simple example, CALPUFF overestimates the aqueous-phase sulfate formation rate by a factor of 2 to 30, overstating a potential BART-eligible SO2/NOx source’s sulfate impacts to the same degree.  This effect would exist at far downwind distances, as SO2 concentrations in a SO2/NOx source plume likely would exceed the background H2O2 concentrations far downwind.   

5. CALPUFF Aqueous-Phase Sulfate Formation Is Highly Uncertain Farther Downwind: As noted above, the aqueous-phase sulfate formation in water droplets can be very rapid when sufficient oxidant is present.  As a plume disperses and SO2 concentrations become lower approaching background H2O2 concentrations (0-10 ppb), CALPUFF may understate or overstate the sulfate formation rate depending on numerous factors, such as the level of oxidant present and pH of the cloud water, both factors that are not accounted for in the CALPUFF MESOPUFF-II and RIVAD chemistry algorithm.  Under these conditions, in the presence of a precipitating cloud, some of the SO2/NOx source plume’s SO2 would quickly be converted to sulfate and then washed out of the atmosphere as wet deposition in rain/snow.  However, CALPUFF fails to capture this important SO2/sulfate loss mechanism, thus keeping the sulfur as SO2 and therefore overstating the downwind impacts of a SO2/NOx source.  Sulfate has a much higher wet deposition rate than SO2, so it would be washed out more efficiently in a precipitating cloud.  

The deficiencies in the CALPUFF MESOPUFF-II treatment of gas-phase sulfate and nitrate formation identified under items (1) through (3) above are well known and well documented.  During the late 1980s, EPA was developing a computationally efficient air quality puff model for simulating acid deposition in the Rocky Mountain region.  As part of the EPA Rocky Mountain Acid Deposition Assessment Project, the MESOPUFF-II simplified chemical transformation algorithm now used in CALPUFF was evaluated for reasonableness.  Figures 3-1 and 3-2 display sample results from the EPA Rocky Mountain Acid Deposition Study development report generated over 15 years ago that tested the MESOPUFF-II sulfate and nitrate formation sensitivity to temperature and plume NOx concentrations.  The MESOPUFF-II chemistry algorithms were rejected because the EPA determined they were inadequate for treating sulfate and nitrate formation in the Rocky Mountain region.  Specifically, they failed to account for temperature effects and the sulfate formation failed to account for the competition between SO2 and NOx (the NOx inhibition effect) (Morris et al., 1987).  The Midwest and Eastern US, where many potential BART-eligible sources are located, also exhibit wide ranges in temperatures as well as plumes with NOx concentrations and so the MESOPUFF-II chemistry would be inadequate for those regions as well.  It is unclear why the oversimplified MESOPUFF-II chemistry mechanism that was rejected by EPA as being inadequate for describing sulfate and nitrate formation in the Rocky Mountain region in the late 1980s is suddenly adequate for describing such chemical processes in a proposed rule 17 years later in 2004.
[image: image2.png]S02 Oxidation Rate (Z/hr)

0'950

260

Figure 4-1,

NOx Oxidation Rate (Z/hr)

270 280 300

Temperature

290 310

Sensitivity of the daytime MESOPUFF-II and RIVAD

chemical mechanisms to temperature,

270

280

290 300

56260 270 280 290 300
Temperature
------------------------- MESOPUFF-11 (ERT Method!
RIVAD )
Ozone = 39 (ppb)
NOX = 1 (ppb)
S02 = 1 (ppb)
Relative Humidity = 52 :él ]
= 25 €9,
Solap Zenish Angle I §508%

310

0




Figure 3-1.  Sensitivity of the CALPUFF MESOPUFF-II estimated sulfate and nitrate formation rates (dotted line) to changes in temperature (Source: Morris et al., 1987).
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Figure 3-2.  Sensitivity of the CALPUFF MESOPUFF-II estimated sulfate and nitrate formation rates (dotted line) to changes in NOx concentrations (Source: Morris et al., 1987).

Comparison of CALPUFF Chemistry Algorithms Against Current State-of-Science Algorithms Reveals Inaccuracies and Bias

At the October 2003 Air Quality Modeling Guidelines Conference in Mystic, CT a paper was presented that compared the CALPUFF 1983 chemistry sulfate and nitrate formation algorithms against current full-science aerosol modules that are used in photochemical grid models (PGMs) (Morris, Tana and Yarwood, 2003).  This paper found that the CALPUFF MESOPUFF-II chemistry algorithms overstated SO4 and NO3 formation rates over a wide-range of conditions.  The paper also found that its failure to account for NOx inhibition and temperature effects on sulfate and nitrate formation rates would overstate SO4 and NO3 formation for potential BART-eligible sources that emit SO2 and/or NOx.  

CALPUFF Transport/Dispersion Limitations

CALPUFF is a Lagrangian trajectory model that treats the transport and dispersion of emissions from point sources (i.e., the plume) as a series of puffs or slugs that represent a continuous source through overlap of the puffs.  The plume expansion rates are based on the familiar Pasquil-Gifford stability dependent (y and (z dispersion curves with the top of the puff typically limited by the mixing height.  These dispersion curves represent the expansion of the plume due to small scale eddies near the source and are representative of a sampling time of about 10 minutes (Turner, 1970).

One of the biggest limitations of Lagrangian models for assessing transport at distances greater than a few kilometers is the problem of puff coherency.  As the puff spreads and grows larger, there will be significant variations in the horizontal and vertical winds across the puff (i.e., wind shear) that will break the puff apart and increase its dispersion/dilution rate resulting in lower concentration estimates.  Most Lagrangian puff models, however, force the puff to stay together as a coherent air parcel.  This causes an overestimation bias in the concentration estimates because it does not account for dispersion effects due to wind shear.  In the latest version of CALPUFF, there are two puff splitting options that allow a puff to be split into multiple puffs when wind shear is encountered:

· Vertical Splitting – Puffs are split into separate puffs in the vertical.  This splitting is typically performed once per day at sundown when the mixing height drops;

· Horizontal Splitting – Based on the level of horizontal wind shear, a puff is split into multiple puffs that can then be advected different directions.

The use of proper puff splitting is necessary when examining CALPUFF impacts more than a few tens of kilometers downwind of the source.  Without puff spitting, CALPUFF cannot account for important physical dispersion processes of horizontal and vertical wind shear, and the Lagrangian puff model will greatly overestimate the plume’s concentration impacts.

CALPUFF Understates Dispersion and so Overstates Concentrations and Visibility Impacts

Although the new puff splitting option in CALPUFF has the potential to more accurately simulate dispersion, it is unclear whether a Lagrangian (trajectory) model such as CALPUFF is capable of splitting the puffs into sufficient number of air parcels to accurately simulate the real-world enhanced dispersion processes due to wind shear without a prohibitive number of air parcels being generated.  This is one reason why the CALPUFF puff splitting has been limited (e.g., the default vertical puff splitting is only performed once per day).   Thus, CALPUFF will understate dispersion and therefore overstate concentration and visibility impacts of the potential BART-eligible source.  This understatement of dispersion in CALPUFF was seen in the IWAQM Phase II testing of the CALPUFF model that found it significantly overstated observed concentrations a farther (> 200-300 km) downwind distances, which is discussed next (IWAQM, 1998).
The Proposed BART Rule Allows the Application of CALPUFF to Much Longer Downwind Distance than Recommended by IWAQM, Which Results in an Overestimation Bias in Visibility Impacts

The Proposed BART Rule recommends that CALPUFF be applied following the recommendations in the Phase II report of the Interagency Workgroup on Air Quality Modeling (IWAQM, 1998).  As clearly stated in the EPA IWAQM Phase II guidance:  

“IWAQM recommends use of CALPUFF for transport distances of 200 km and less.  Use of CALPUFF for characterizing transport beyond 200 to 300 km should be done cautiously with an awareness of the likely problems involved” (IWAQM, 1998, pg. 18).

“The IWAQM concludes that CALPUFF can be recommended as providing unbiased estimates of concentration impacts for transport distances of order 200km or less, and for transport times of order 12 hours or less.  For larger transport times and distances, our experience thus far is that CALPUFF tends to underestimate the horizontal extent of the dispersion and hence tends to overestimate surface-level concentration maxima”  (IWAQM, 1998, pg. D-12).

“…it is anticipated that the more typically application will involve domains of order 400 km by 400 km or smaller” (IWAQM, 1998, pg. 14).

The Proposed BART Rule implies that it will allow the application of CALPUFF to distances beyond 200 km as noted by the statement “If modeling is to be conducted for receptors greater than 200 km from the emissions unit, a modeling protocol is required” (EPA, 2004, pp.25218).   This statement in the Proposed BART Rule contradicts the IWAQM recommendations listed above.

The IWAQM report notes that:
“The CAPTEX comparisons, which involved comparisons at receptors that were 300 km to 1000 km from the release, suggest that CALPUFF tends to overestimate surface concentrations by a factor of 3 to 4.” (IWAQM, 1998, pg. 18).

The CAPTEX comparisons were based on simulations of an inert (i.e., no chemistry) tracer so the CALPUFF factor of 3 to 4 overprediction bias does not include the additional overestimation bias due to the CALPUFF chemistry bias and errors discussed above.  Such an overestimation bias in the CALPUFF concentration and visibility estimates is not nessesarily a bad thing for using CALPUFF in the BART process as it’s conservatisms are valuable when it is used as a screening model to exempt potentially BART-eligible sources that CALPUFF estimates does not significantly contribute to visibility impairment at Class I areas.  However, States and Stakeholders must have the flexibility to use more accurate and less biased air quality models in their BART determinations if desired with approval from EPA.

In the discussion on public comments in EPA’s Air Quality Modeling Guidance they state “Commenters generally agreed that the CALPUFF modeling system has adequate accuracy for use in the 50-200km range, with some studies showing that acceptable results can be achieved at least out to 200 to 300km.  Since the 7th Modeling Conference, enhancements were made to CALPUFF that allow puffs to be split both horizontally (to address wind direction shear) and vertically (to address spatial variations in meteorological conditions).  These enhancements likely will extend the system’s ability to treat transport sand dispersion beyond 300km” (EPA, 2003, pp. 18441).  In reality, the puff splitting in CALPUFF is very limited otherwise the computational run times of CALPUFF would become prohibitive.  For example, the default setting on the vertical puff splitting is only to allow it to occur once per day (at sundown), hardly a rigorous treatment of this important dispersal process.  We examined all of the CALPUFF evaluation documents provided with the model and found that none addressed the how the addition of puff splitting enhanced the ability of the CALPUFF model to more accurately simulate concentrations at farther downwind distance (this list of references is provided in the References Section of this report).  Thus the IWAQM recommendations that CALPUFF not be applied to downwind distances of 200 km or less still stands with applications beyond this distance be performed with caution and awareness that the model is likely overstating the concentration and consequently visibility estimates.  Again, this attribute of CALPUFF does not mean it shouldn’t be used in the BART process, just that it should be viewed as a conservative estimate and more refined and accurate modeling approaches need to be allowed.
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� Note that more recent versions of CALPUFF include model input parameters in the sample input file that allude to an empirical secondary organic aerosol treatment, but this option is not available in the EPA official released version of CALPUUFF and there is no available documentation on the CALPUFF SOA treatment.





�Are there any other choices?
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