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INTRODUCTION

The revised draft BART Modeling Protocol prepared for evaluating potential BART-eligible sources in the VISTAS States in the southeastern United States (US) proposed to use a two step process to exempt sources from the BART process:

· “Screening” CALMET/CALPUFF analysis using 12 km grid resolution and CALMET run in the NOOBS mode using 2001 (12 km), 2002 (12 km) and 2003 (36 km) MM5 data provided by VISTAS; and

· “Refined” CALMET/CALUFF analysis using finer grid resolution (1 km?) and CALMET operated with the MM5 data and meteorological observations.

When evaluating a potential BART-eligible source’s visibility impact at Class I areas, in the “screening” analysis a source would be exempt from the BART process if all 24-hour average change in deciview (dv) visibility estimates over 3-years are less than the 0.50 dv threshold, whereas in the “refined” analysis a source would be exempt if the maximum 8th highest 24-hour average change in dv at all Class I areas in each of the 3-years of modeling is below the 0.50 dv significance threshold.

I have reviewed the September 20, 2005 Revised Draft version of the VISTAS BART Modeling Protocol and provide my summary comments below.  These comments are broken down into General Comments of overarching issues followed by Specific Comments on text in the Modeling Protocol.  Note that the version of the Modeling Protocol reviewed was missing Appendices A-D so only limited comments are made on the Appendices.  In addition, the description of the options and how the “refined” CALPUFF modeling would be conducted was incomplete (e.g., missing grid definition, number vertical layers, model options, etc.) so a complete the review of the “refined” CALPUFF modeling approach could not be conducted at this time.

GENERAL COMMENTS

The following are general comments on the subject draft BART Modeling Protocol.  Specific areas in the Modeling Protocol text that are addressed by these general comments are given in the Specific Comments section following this one.

1. CALPUFF “Chemistry” Uncertain and Inaccurate:  I have prepared several reports and two papers documenting the inaccuracies and uncertainties in the CALPUFF chemistry routines (Morris, Tana and Yarwood, 2003; Morris, Lau and Koo, 2005).  The regression equations to describe sulfate and nitrate formation in CALPUFF were developed over two decades ago (Scire et al., 1984) based on outdated science and using inadequate surrogate parameters (e.g., RH to describe aqueous-phase chemistry).  These papers have been provided to VISTAS so I will not reiterate all of the problems here.

2. Use of Proprietary Software:  The VISTAS BART Modeling Protocol mentions used of proprietary software (e.g., CALVIEW) that is not freely available and could be withheld from users by its developers if desired.  This is a large departure from the VISTAS modeling to date that has used only publicly available models and software that are freely available to all with no license requirements or fees (e.g., MM5, SMOKE, CMAQ, CAMx, PAVE, UCR Analysis Tools, MAPS, etc.).

3. Model Versions Not Provided:  No where in the BART Modeling Protocol is it mentioned which versions of the CALMET, CALPUFF and supporting programs (e.g., CALPOST and POSTUTIL) will be used.  Is the EPA-approved version going to be used in the VISTAS analysis or a proprietary version that is not freely available.  States, sources and others need to be able to corroborate the VISTAS analysis and perform their own analysis using the same tool as VISTAS.  This issue has already caused VISTAS extra work when they processed the MM5 data using the publicly available version of CALMM only to be told by the BART modeling contractor that another version of CALMM should be used that was not publicly available in order to output the sea surface temperatures.  A Modeling Protocol that does not identify the versions of the models to be use is deficient.

4. Insufficient Information on Model Options/Inputs Are Provided:  CALMET and CALPUFF contain numerous options and input parameters of which only some are mentioned in the Protocol.  The Modeling Protocol should include example CALMET.INP and CALPUFF.INP files for both the “screening” and “refined” applications.  Where options/inputs are still being determined or may vary (e.g., grid resolution for “refined” analysis) comments can be included in the .INP files to this effect.

5. “Screening” Method Not Necessarily More Conservative Than “Refined” Method”:  There is no guarantee that the “screening” CALPUFF approach will be more conservative than the “refined” CALPUFF approach.  The only truly conservative assumption is the use of the highest change in dv at any Class I area in the “screening” approach versus use of the highest 8th highest value from the three years of modeling in the “refined” approach.  The Protocol notes that the VISTAS BART modeling process has a safeguard because comparisons of the visibility impacts using the “screening” and “refined” approaches can be made for those sources that are not exempted using the “screening” approach.  In the past when FLAG (2000) defined CALPUFF “screening” and “refined” approaches it turned out that the “screening” approach was frequently less conservative than the “refined” approach.  Note sure what VISTAS can do about this because the use of a simplified “screening” approach to exempt sources is a good idea.  But VISTAS should be aware that this issue may come back later which may require VISTAS to reevaluate all of the exempted sources that passed the “screening” analysis if it turns out in fact that it is not always conservative.

6. Deviations from IWAQM (1998), FLAG (2000) and EPA (2005) Modeling Guidance:  When the proposed approach in the Modeling Protocol deviates from the recommended options for the regulatory application of CALPUFF, an explanation of such deviations should be presented.  For example, the Protocol states that a different option for defining dispersion (MDISP=1) will be used than is the regulatory default (MDISP=2 or 3) and no explanation is provided. 

7. Effects of Ammonia on Calculations Introduces Errors:  The Protocol implies that the background ammonia (NH3) concentration input into CALPUFF only affects the ammonium nitrate concentrations at the receptors through the partitioning of total nitrate between gaseous HNO3 and particle NO3.  However, it neglects the fact that the NH3 input is also partitioning the total nitrate between HNO3 and NO3 in the puff along its trajectory to the receptor.  Thus, when puffs overlap the background NH3 is accounted for multiple times resulting in the wrong partitioning of the puffs total nitrate to HNO3 and NO3.  As HNO3 and NO3 have very different dry and wet deposition rates, the loss rates of total nitrate out of the puff is incorrect and consequently the resultant total nitrate concentration at the receptor is incorrect.  Re-partitioning the total nitrate to HNO3/NO3 at the receptor using POSTUTIL can not fix the fact that the total nitrate is incorrect.  Note that since CALPUFF represents a continuous plume using a series of overlapping puffs, puff overlap is a concern even when modeling one source.

8. Puff Coherency Assumption Erroneous for Regional Modeling:  CALPUFF assumes that puffs are a coherent air parcel that are advected downwind using a single wind even though the puff can span many vertical layers and horizontal grid cells with very different wind speeds and wind directions.  CALPUFF does include a puff splitting algorithm that, in theory, may be able to address this issue.  But in practice vertical puff splitting due to vertical wind shear is typically done only once per day if certain criteria are satisfied and horizontal puff splitting is only invoked under fairly extreme conditions.  Use of more frequent puff splitting would result in a prohibitive number of puffs and make CALPUFF unusable.  Consider a puff that is 20 km across (not a large puff for regional CALPUFF applications) and well mixed with a 2000 m mixing height (8 vertical layers using the “screening” approach layer height definitions).  If a 4 km grid resolution is used then the puff would span approximately 20 horizontal grid cells and 8 vertical layers.  Thus, there would be ~160 separate winds across the puff potentially going in different, even opposite, directions.  Yet CALPUFF can only advect the puff with one wind.  Thus, over 99% of the wind information provided by CALMET to describe transport and dispersion for the puff is not even being used.  If a 1 km grid is used, then 99.9% of the CALMET winds across the puff are not used to advect or disperse the puff.  The issue of puff coherency is an inherent limitation in a Lagrangian model formulation and fundamentally limits the amount of realism a model like CALPUFF can have for regional applications.  This is the reason cited by IWAQM (1998) why CALPUFF overestimates surface concentrations by a factor of 3-4 beyond 200-300 km from the source.  The Protocol and EPA guidance (EPA, 2005) notes that puff splitting overcomes this problem, but no tests of this have been performed (or at least referenced).  Furthermore, puff splitting has to be limited otherwise run times become prohibitive.  Tests that I have performed using puff splitting show little effect on the downwind concentrations, sometimes increasing , sometimes decreasing and sometimes having no effect whatsoever on the CALPUFF concentration estimates.  However, using puff splitting does significant increase computer run times and if aggressive puff splitting is utilized the memory of most computers (e.g., 2 Gb) is quickly exceeded. 

9. Consistent Visibility Calculation Needed:  VISTAS should propose a consistent approach to calculating visibility impacts at Class I areas using standard techniques (e.g., FLAG approach using IMPROVE equation and EPA natural background) to allow the comparisons across states and RPOs.  If alternative methods are employed (e.g., as given in Appendices A and B of the draft Protocol) they should be performed in addition to the standard approach.
SPECIFIC COMMENTS

Below I provide specific comments on text in the Protocol.

Page 4, 1st Paragraph – text here says that 98th percentile is the highest of the 8th highest daily change in deciview (dv) at a particular receptor in a Class I area across three years of modeling, whereas in Section 4.5 an example is given that looks at the 8th highest day across all receptors in a Class I area.  This discrepancy should be corrected.

Page 4, 2nd Paragraph – what is meant by “measurable” visibility impacts and why is “measurable” in quotes.  Nepholometers and transmisometers can measure visibility but they are not mentioned in the Protocol.

Page 4, Footnote 4 – CAIR satisfies BART requirements for affected EGUs only for SO2 and NOx emissions (if both covered under CAIR) and not VOC and PM.

Page 7, Paragraph 3 – “CALPUFF contains an option to allow puff splitting in the horizontal and vertical directions, which extends the distance range of the model.”  This statement needs justification and references.  The IWAQM (1998) testing of CALPUFF without puff splitting that compared it against the real-world CAPTEX tracer measurements found in over-predicted by a factor of 3-4 beyond ~200-300 km  due to the underestimation of the modeled plume spread that is likely due to its inability to treat wind shear and the puff coherency assumption.  Testing I have performed has found little difference in the CALPUFF modeling predictions > 200 km downwind with and without puff splitting, in fact sometimes the estimated concentrations are higher.  This statement needs independent justification.

Page 18, Last Paragraph and Appendix D (not included) – The SWWYTAF (Wyoming) CALPUFF evaluation is not relevant to the southeast U.S. application.  In addition to a completely different setting and atmospheric chemistry conditions, model performance in the SWWYTAF application was based mainly on the use of “boundary puffs” which is not related to the CALPUFF BART application.

Pages 19-23, Discussions on Sulfate and Nitrate Formation Algorithms – Please see Morris, Tana and Yarwood (2003) and Morris, Lau and Koo (2005).  

Page 22, Last Two Paragraphs – As noted in the General Comments, the CALPOST ability to treat the double counting of background ammonia in the SO4/NO3/NH4 equilibrium at the receptor is a step forward, but it fails to account for the improper partitioning of the total nitrate between gas-phase HNO3 and particle NO3 in the puffs on the way to the receptor and the subsequent in correct wet and dry deposition due to the very different deposition characteristics of HNO3 and NO3.

Page 25, Last Paragraph – The suggestion that CALPUFF may be extended to treat SOA from anthropogenic VOCs for BART analysis seems like a stretch.  Is VISTAS really considering this?  If so, this reviewer will need a lot more detail in order to provide comments.  If not, it should not be included in the Protocol.

Page 26, Paragraph 5 – The updating of CALPOST to use the new f(RH) values in EPA’s 2003 guidance document is a 5 minute coding change in a data statement.  Recommend that the newer f(RH) values be used.  RH “measurements” also have large uncertainties (+5%) above about 80%.  For these reasons and the uncertainties in the f(RH) curves then a 95% cap on RH, as suggested in the EPA (2003) guidance, is more appropriate.

Page 30 Figure 4-1 – CALPUFF can produce some unphysical results, for example puffs piling up on each other when areas of stagnation occur which violates the second law of thermodynamics.  So having a strict < 0.5 change in dv (del-dv) threshold in the screening analysis may not screen out sources that should be that have one day above 0.5 due to modeling artifacts.  For example, suppose a source has one day of 1 del-dv and the rest are < 0.1 del-dv and that one day is due to modeling artifacts.  The occurrence of such modeling artifacts is one reasons that a 98th percentile was specified and the PSD procedures allows some visibility days greater than the 5% and 10% thresholds.  Not sure what to do about this but be aware the screening analysis may not screen all the sources that it should due to modeling artifacts.

Page 32, Section 4.1.3 on VOC – The use of CMAQ 12 km modeling all potential BART-eligible sources VOC emissions zero-out runs to demonstrate that the visibility impacts from VOC emissions from all BART sources is insignificant (< 0.5 del-dv), therefore each individual potential BART source’s VOC emissions is insignificant is the most appropriate and scientifically credible approach available.  However,  modeling just limited summer (40 days) and winter (31 days) episodes is open to criticism given that EPA BART guidance recommends modeling at least three years.  Source-receptor relationships may not occur that would affect the Class I areas using a extremely small (~6%) subset of the recommended number of days.  Suggest that the change in dv due to the zero-out VOC emissions run be looked at in all grid cells, not just the Class I areas, to account for the limited number of days modeled.  Also, when looking at the change in dv due to the zero-out VOC scenario will changes in all modeled light extinction species be looked (e.g., SO4 and NO3) or just those that VOC are the primary precursor for (OC).

Page 33, Paragraph 3 – VISTAS should be aware that the screening CALPUFF analysis may not necessarily always be more conservative than the “refined” CALPUFF analysis.  For PSD modeling FLAG (2000) developed a CALPUFF screening approach using simplified assumptions and conservative assumptions that ended up frequently not being as conservative as the “refined” approach.

Page 34, Paragraph 5 – For PSD applications the National Park Service has recommended not applying CALMET/CALPUFF without observations.  VISTAS needs to obtain input from the FLMs on whether they have changed this opinion and whether VISTAS wants to proceed with a BART exemption screening approach not endorsed by the FLMs.

Page 36, Paragraph 2 – As noted previously, use of a strict single day out of three years > 0.5 del-dv pass/fail test for the screening analysis does not account for the modeling artifacts that can occur in CALPUFF.

Page 37, Paragraph 2 – As noted previously, VISTAS should be aware that the CALPUFF screening approach may not be more conservative than the “refined” approach.  

Page 38, CALMET Options – Please provide example CALMET.INP control files for the 2001/2002 and 2003 applications that specific the proposed options to be used as the information provided is incomplete.

Page 39, Paragraph 4 Species Modeled – The Protocol is stating that primary PM will be modeled with 5 size sections yet only 2 size sections are used in the IMPROVE extinction equation.  Later (Paragraph 6), the Protocol is seeking comments on using simplifying assumptions on the treatment of PM10.  Yes modeling more PM size sections would better treat the dry deposition rates of PM, but the modeling approach is already  treating the NO3/HNO3 dry deposition incorrectly due to the multiple counting of ammonia and NO3 is much more important than PM for most BART sources.  Given all the other uncertainties, bias and final use of the modeling results, use of two size sections (coarse and fine) appears sufficient.

Page 39, Paragraph 6 – The PM emissions of each potential BART-eligible source should be speciated into fine SO4, NO3, EC, OC and other PM, and coarse PM.

Page 40, Paragraph 3 – Why the VISTAS CALPUFF application proposes to use a dispersion parameterization that deviates from EPA (1998) guidance needs to be justified.

Page 40, Paragraph 4 – Some potential BART-eligible sources will be located in or near or pass over urban areas where enhanced sulfate and nitrate formation rates would occur.  Why VISTAS would exclude urban ozone monitors and fail to account for this effect needs to be justified.  This is a non-conservative assumption.

Page 40, Paragraph 5 – As noted previously, just by post-processing the total nitrate at the receptor using a “corrected” ammonia value does not correct the damage caused by the multiple accounting of input ammonia in the overlapping puffs on their transport to the receptor due to incorrect characterization of wet and dry deposition.

Page 41, Paragraph 9 Species Considered – “SOA” species should also include primary organic carbon (POC).  By “soil” you mean other PM2.5 which may not be all soil in the emissions but is assumed as such in the IMPROVE equation.

Page 41, Section 4.4.1 – This section is confusing and needs to be clarified.  The term “baseline emissions” in the last paragraph needs to be defined.  Assuming “baseline emissions” refers to the emissions discussing above the last paragraph (e.g., maximum CEM emissions from 2001-2003) then this paragraph is not correct.  Benefits of BART controls should be compared against future-year emissions not current (e.g., 2001-2003) baseline emissions.  For example a source could be in the process of installing low NOx burners to comply with 2007 ozone requirements, if BART is determined to be SCR then the effects of the BART controls (SCR) should be compared against low NOx burners not uncontrolled baseline emissions from 2001-2003.

Page 42, Paragraph 4 – Word missing in sentence 3: “depend on many factors as outlines above”.      

Page 43, Paragraph 3 – Appendix A was not included in the Revised Draft Protocol.  CASTNet doesn’t measure ammonia so any CASTNet derived ammonia is made up.    Why so much effort is spent discussing ways to fabricate background ammonia that is not event treated in the model correctly anyway is unclear.

Page 43, Paragraphs 4 and 5 – Will all software used in the VISTAS CALPUFF modeling be made publicly available including the modified CALPOST code?

Page 44, Paragraph 2 – This example says that the 8th highest visibility day in a year at any receptor in the Class I area will be compared with the 0.5 del-dv threshold, yet previously the highest 8th highest visibility day at each receptor will be used for comparison.  What metric will be used needs to be clarified.

Page 44, Section 4.5.2 Uncertainty – Uncertainties in deposition should also be included.  A discussion of potential model bias should also be included.

Page 45, Figure 4-1 – Example uses daily f(RH) values.  Previously Protocol says that monthly f(RH) values will be used.  Which is it?

Page 47, Section 4.6 Assess the Performance of a Cap and Trade Program – EPA currently has a two prong test to evaluate a cap a trade program for BART: (1) show visibility improvement at each Class I area compared to 2018 Base Case; and (2) show visibility improvements averages across all relevant Class I areas compared to BART.  Recommend that a regional photochemical grid model be used for this analysis. 

Page 50, Section 5.2.2 Alternative Methods – All BART sources should be evaluated initially using a common approach (i.e., FLAG [2000] using the current IMPROVE equation and EPA [2003] natural background) and then more refined approaches should be allowed if the source can justify and the state approves.  There is a need for consistency in the approaches across states and RPOs where a common approach should be used for comparison since states will be assessing their own potential BART-eligible sources impacts on another state’s or RPO’s Class I area.  

Page 50, Section 5.2.3 Alternative Definitions – As noted above, a common approach should be used initially to evaluate a potential BART-eligible source’s impact on visibility at Class I areas to promote consistency.  

Page 54, Paragraph 1 – The proposed CALPUFF dispersion option selection (MDISP=1) does not follow “regulatory guidance and default values” (MDISP 2 or 3).  This needs to be justified and explained, why EPA guidance is not being followed for this critical CALPUFF input option is unclear.

 Page 56, Paragraph 2 –  Is CALVIEW publicly available, if not it should not be referred to in the VISTAS BART Modeling Protocol.

Page 58, Paragraph 3 – References to ALM and Appendix A can not be reviewed at this time since Appendix A was not included in the draft Protocol.  However, seems like an awful lot of effort is spent on ALM when other factors in the modeling system (chemistry, transport and dispersion) are highly uncertain.

Page 60, Paragraph 2 – “It is expected that the performance of the model will be better in predicting changes in visibility impacts due to BART controls than in predicting absolute visibility values.”  This statement needs to be justified as many of the deficient aspects of the CALPUFF model (understated dispersion, fail to account for high NOx in plume chemistry, failure to account for oxidant limiting in chemistry, etc.) will be more important for visibility estimates from individual sources than absolute visibility impacts from all sources where compensating errors exist.  
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