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From: John Shrock
To: Read, David
Subject: FW: Jacksonville Lime
Date: Monday, July 15, 2013 11:27:40 AM
Attachments: Supplemental AQ Modeling Protocol_032713.pdf


David:
 
I had the spelling wrong on your name. Here is the protocol document, which was sent to Stan and


Melody on March 27th.
 
John
 


From: John Shrock [mailto:jshrock@ectinc.com] 
Sent: Monday, July 15, 2013 10:33 AM
To: 'Alvaro.Linero@dep.state.fl.us'; 'David.Reed@dep.state.fl.us'
Cc: 'Wharrisco@aol.com'; 'Jackie.Padgett@carmeusena.com'; 'mtrammell@ectinc.com'
Subject: Jacksonville Lime
 
Al and David:
 
It was good talking with you this morning concerning the Tier 3 protocol. I left Stan K. a message.
Hopefully, Wednesday at 10:00 will be a good time for him to participate in the conference call as
well. If he confirms, I will send out call in instructions for everyone.
 
 



mailto:jshrock@ectinc.com

mailto:David.Read@dep.state.fl.us
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1.0 INTRODUCTION 



 



Jacksonville Lime, LLC (a joint venture between Carmeuse Lime & Stone and Keystone 



Industries), is planning to construct and operate a lime manufacturing facility in Jackson-



ville, Florida. This facility will be comprised of two vertical lime kilns and associated 



raw material, fuel, and product storage and handling systems. The project will be subject 



to Prevention of Significant Deterioration (PSD) preconstruction review per Chapter 40, 



Part 52.21, Code of Federal Regulations (CFR), and Section 62-212.400, Florida Admin-



istrative Code (F.A.C.). Jacksonville Lime has retained Environmental Consulting & 



Technology, Inc. (ECT), to assist with preparation of a PSD permit application for the 



proposed project. 



 



The U.S. Environmental Protection Agency (EPA) and Florida Department of Environ-



mental Protection (FDEP) recommend that a protocol be established by an applicant 



when air quality dispersion modeling is to be conducted in support of a permit application 



subject to PSD preconstruction review. A greenhouse gas (GHG) PSD permit application 



for the proposed project was submitted to EPA in June 2012, and the rest of the PSD 



permit application is forthcoming. A modeling protocol was prepared and submitted to 



FDEP in August 2012 to present the modeling procedures to be employed for the refer-



enced permit application. Key modeling methods, inputs, and options were presented in 



that protocol. 



 



Recently, it was discovered that additional modeling effort may be required to fully eval-



uate compliance with 1-hour nitrogen dioxide (NO2) ambient air quality standards. There-



fore, a supplemental protocol was prepared and submitted to EPA (with a copy to FDEP) 



to propose specific modeling procedures to be used in the modeling analysis and to re-



quest prior approval. Comments received from EPA on the original submittal have been 



incorporated into the supplement, which is resubmitted herewith. 
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2.0 BACKGROUND 



 



The new national ambient air quality standard (NAAQS) for 1-hour NO2 became effec-



tive on April 12, 2010. The standard is achieved when the 3-year average of the 



98
th



 percentile of the annual distribution of daily maximum 1-hour concentrations does 



not exceed 100 parts per billion (ppb) or 188 micrograms per cubic meter (µg/m
3
). 



 



Nitrogen oxides (NOx) are produced during combustion, especially at high temperatures. 



NOx produced in a combustion process may take different forms, but primarily as nitro-



gen oxide (NO) and nitrogen dioxide (NO2). In comparing the predicted NOx concentra-



tions with the applicable NAAQS, it is necessary to estimate the amount of NO2 at the 



receptors of interest. 



 



As the flue gas exits the stack, it is assumed for modeling purposes that most of the NOx 



initially exists in the form of NO, which is not a criteria pollutant. After leaving the stack, 



additional NO2 is generated in the plume, and some NO2 is destroyed. The following are 



typical atmospheric mechanisms: 



 Oxidation of NO by ambient ozone (O3):  NO + O3 → NO2 + O2   (1) 



 Oxidation of NO by reactive hydrocarbons:  NO + HC → NO2 + HC (2) 



 Photo-dissociation of NO2:  NO2 + sunlight → NO + O (3) 



 



Oxidation of NO by ambient ozone (Reaction 1) is the main reaction, especially in rural 



areas. Although the reaction is rapid, it is limited by how quickly the plume expands as it 



travels downwind and how much ozone is available in the surrounding air. In general, the 



amount of NO2 increases in the plume as it travels away from the stack until the reactions 



reach quasi-equilibrium. 



 



Over the long term (e.g., annual averaging), it is acceptable to assume that the final NO2 



to NOx ratio is a default conservative ambient ratio of 0.75 at all receptors in the grid re-



gardless of its distance downwind, i.e., the predicted NO2 concentration is simply 



75 percent of the predicted NOx concentration. This assumption is not necessarily valid 



for predicting short-term NO2 concentrations (e.g., 1-hour averaging), especially when 
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additional consideration is given regarding the changes in plume composition on an hour-



by-hour basis due to atmospheric chemical reactions mentioned previously. As stated ear-



lier, as the plume expands, more ozone is available for conversion of NO to NO2 until 



equilibrium is reached. 
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3.0 EMISSIONS SOURCES 



 



The proposed Jacksonville Lime facility will have the following NOx emissions sources: 



 Two vertical lime kilns. 



 One fuel dryer.. 



 Two gas-fired emergency generators. 



 



PSD regulations require that screening level modeling be conducted to determine maxi-



mum predicted impacts from the onsite sources (except for the two gas-fired emergency 



generators, which were exempt from modeling) and compare them to the applicable sig-



nificant impact levels (SILs). The current EPA- and FDEP-recommended interim SIL for 



1-hour NO2 is 4 ppb or 7.5 µg/m
3
. Since the preliminary modeling shows that the maxi-



mum predicted NO2 impact from the proposed project will be in excess of the SIL, cumu-



lative modeling will be conducted to determine compliance with the 1-hour standard of 



188 µg/m
3
 (98



th
 percentile of the daily maximum 1-hour concentrations averaged over a 



3-year period, or highest 8
th



 high impacts in terms of modeling results). At this time, EPA 



has not established PSD increments of the 1-hour NO2 standard. 



 



FDEP provided an emissions inventory for cumulative modeling purposes. Based on the 



emissions inventory, the following sources were selected for cumulative modeling:  all 



major (i.e., maximum allowable emissions of 100 tons per year [tpy] or more) NOx 



sources within the radius of 9 kilometers (km) (which is the significant impact area (SIA) 



for 1-hour NO2) from the proposed facility, all NOx sources within 1 km of the proposed 



project location, and additional major NOx sources that were outside the SIA but whose 



impacts are expected to contribute significantly. Sources that have permanently ceased 



operation were excluded. Appendix A provides the modeled offsite sources and associat-



ed emission rates as well as stack parameters. 
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4.0 MODELING APPROACH 



 



EPA guidance on dispersion modeling is contained in EPA’s Guideline on Air Quality 



Models (GAQM) codified in 40 CFR 51, Appendix W. In addition to these general mod-



eling guidelines, three internal memorandums were written by EPA to further clarify the 



policy and guidelines regarding 1-hour NO2 modeling to its regional air division direc-



tors. Applicability of Appendix W Modeling Guidance for the 1-hour NO2 NAAQS can 



be found in a memoranda dated June 28, 2010, from Tyler Fox (Leader of Air Quality 



Modeling Group). The basis for approval of a Tier 3 procedure is contained in the 



March 1, 2011, memoranda (Additional Clarification Regarding Application of Appen-



dix W Guidance for the 1-Hour NO2 NAAQS), also from Tyler Fox to the directors. A 



third EPA internal memoranda (Guidance Concerning the Implementation of the 1-Hour 



NO2 NAAQS for the PSD Program) was written by Stephen Page (Director of the Office 



of Air Quality Planning and Standards) and is dated June 20, 2010. The GAQM guide-



lines, as well as the guidance contained in these memorandums, will be followed in the 



modeling study for the proposed project. 



 



Appendix W recommends three methods to estimate NO2 concentrations as follows: 



 Tier 1 (Total Conversion)—Assumes that NOx emitted from a source is 



converted completely to NO2. No adjustment is made to account for atmos-



pheric chemistry stated in Section 2.0. 



 Tier 2 (Ambient Ratio Method)—Predicted concentrations are multiplied by 



an empirically derived NO2/NOx ratio (e.g., 0.75, 0.8). 



 Tier 3 (Ozone Limiting Method [OLM] or Plume Volume Molar Ratio 



Method [PVMRM])—OLM assumes that the amount of NO converted to 



NO2 at any given receptor is controlled by the amount of available ozone 



(see Reaction 1 in Section 2.0). Reactions 2 and 3 are ignored in the OLM 



method. If the ozone concentration is less than the NO concentration, the 



amount of NO2 by the reaction is limited. If the ozone concentration is 



greater than or equal to the NO concentration, all NO is assumed to be con-



verted to NO2. PVMRM implements a more refined approach by determin-



ing the conversion rate of NOx to NO2 based on the number of NOx moles in 
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the plume and the number of moles of ozone contained within the plume be-



tween the source and receptor. PVMRM also assumes an upper bound ambi-



ent air NO2/NOx ratio, with a conservative default of 0.9. If PVMRM is used 



for the Jacksonville Lime modeling study, a NO2/NOx equilibrium ratio of 



0.9 will be used. Since OLM and PVMRM are considered nonregulatory op-



tions in the American Meteorological Society/U.S. Environmental Protec-



tion Agency Regulatory Model Improvement Committee (AERMIC) model 



(AERMOD), a case-by-case preapproval is required. 



 



Jacksonville Lime proposes to use the OLM option with AERMOD at this time. EPA 



recommends in its March 1, 2011, memorandum that a default in-stack NO2 fraction of 



0.5 be used for input to the PVMRM and OLM options in AERMOD in the absence of 



more appropriate, source-specific information on in-stack ratios. However, several indus-



try groups expressed concerns that this recommended default in-stack NO2 fraction of 0.5 



is not applicable in most situations and will cause substantial model over-predictions. 



Appendix B contains a copy of a letter from Hunton & Williams to Mr. Tyler Fox on be-



half of several industry groups. 



 



For offsite NOx sources to be included in the cumulative modeling (shown in Appen-



dix A), EPA’s beta In-Stack Ratio (ISR) database will be used to determine the most ap-



propriate but conservative in-stack NO2 fraction. Although the data in this database is on-



ly reported data (i.e., they have not been confirmed by EPA), it is the best available 



source of information for these offsite sources, and it is not practical for Jacksonville 



Lime to obtain source-specific data from these sources at this time. EPA’s ISR database 



shows that the in-stack NO2 ratios (by volume) for various source categories vary from 



0.0 to 0.73, with an average of 0.08. Further evaluation of EPA’s beta database showed 



that the average in-stack ratio for external combustion sources (e.g., boilers and furnaces) 



only is 0.09 with a standard deviation of 0.04, and the average in-stack ratio for combus-



tion turbines is 0.07, with a standard deviation of 0.06. Appendix B contains details of the 



data extracted for combustion sources. It should be noted that that the NOx sources in the 



proposed offsite emissions inventory are combustion sources (i.e., boilers, combustion 



turbines, and glass furnaces). 
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Also included in Appendix B is a presentation made by Mannie Carpenter and Jason 



Nokleby, QSTI, of JBR Environmental Consultants, Inc., at the 8
th



 Annual Gatekeeper 



Regulatory Round-up in April 2012 in Scottsdale, Arizona. This presentation showed re-



sults of actual NOx measurements for various combustion sources and that the average 



NO2 content was 0.05 or 5 percent. 



 



Based on the previous information, an in-stack ratio of 0.15 is proposed for the offsite 



NOx emission sources included in the cumulative modeling study for Jacksonville Lime’s 



PSD application. It is derived by taking the average of the average plus two standard de-



viations of the in-stack ratios for the boilers and combustion turbines, as well as doubling 



the reported average ratio in the JBR study, as follows: 



 



 
( ) ( )[ ]



15.0=
3



2×05.0+06.0×2+07.0+04.0×2+09.0
 



 



With the addition of two standard deviations and doubling of the commonly reported av-



erage of 0.05, the proposed in-stack NO2 fraction of 0.15 represents a conservative upper-



bound value and is appropriate for this modeling study. 



 



For the proposed vertical kilns, an in-stack NO2 fraction of 0.14 is proposed based on 



stack test data of similar lime kilns. As shown in Appendix B, the average NO2 fraction 



was found to be 0.05, and the average of the maximums of the four test runs is 0.14. 



Therefore, the proposed value of 0.14 is a conservative upper-bound ratio. Carmeuse has 



recently selected a test firm to conduct a separate emissions test to verify the accuracy of 



and substantiate the proposed ratio. Once the test results are received (expected to be 



available in late April 2013), they can be provided to FDEP and EPA. 



 



Five years of hourly ozone data that coincide with the meteorological data used in the 



modeling study (2006 through 2010) were obtained from FDEP and will be used in this 



modeling study. This ozone data was measured at the most representative ozone monitor 



located at Duval County Sheffield Elementary School monitoring site (Site ID 031-0077), 
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which is less than 1 mile northeast of the proposed Jacksonville Lime facility (Figure 1). 



Of the three ozone monitors operated by FDEP in Duval County, this monitor is the most 



appropriate based on its location with respect to Jacksonville Lime and other offsite 



sources to be modeled, its network scale (SLAMS, Neighborhood), and the fact that it is 



situated downwind of the proposed Jacksonville Lime facility. Upon review of the wind 



rose for 2006 through 2010 (Figure 2), the prevailing winds are found to be mostly from 



the west and southwest. 



 



Since the data is for the same meteorological period used in the modeling study, for a 



given date, each measured hourly ozone value is paired with the impact calculations for 



the corresponding hour on the same day and year. Missing ozone values will be filled in 



as follows: 



 If 3 or fewer consecutive hours of ozone data are missing, linear interpola-



tion will be used to fill in the gaps, based on the values of previous and sub-



sequent hours. 



 If 4 or more consecutive hours of ozone data are missing, the nonmissing 



data for the same hours from the previous day or the following day (which-



ever is higher) will be used to fill in the missing ozone data. 



 



The following table shows the analysis of data completeness of the 2006 through 2010 



hourly ozone dataset: 



 



Year 



Number of 



Missing Hours 



Total Number 



    of Hours     



Percent 



 Completeness 



    



2006 393 8,760 96.5 



2007 744 8,760 91.5 



2008 605 8,784 93.1 



2009 312 8,760 96.4 



2010 325 8,760 96.3 



2006 through 2010 2,379 43,824 94.5 



 



In accordance with EPA’s June 18, 2010, 1-hour NO2 modeling guidance, the 



OLMGROUP ALL option will be used, which specifies that all sources will potentially 



compete for the available ozone. 
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FIGURE 1.
OZONE AND NO  MONITORS IN DUVAL COUNTY
JACKSONVILLE LIME, LLC
Sources: ESRI World Imagery, 2011; ECT, 2013.
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Based on a review of data obtained from EPA’s AirData Website, which contains ambi-



ent monitoring data reported by FDEP, the nearest NOx monitoring station is located at 



2900 Bennett Street in Jacksonville, Florida (Site ID 031-0032), which is less than 1 mile 



southwest of the proposed Jacksonville Lime facility. In fact, it is the only NOx monitor 



operated by FDEP in Duval County (Figure 1). In accordance with EPA’s March 1, 2011, 



memorandum and consistent with the form of the 1-hour NO2 NAAQS, the 



98
th



 percentile (i.e., the eighth highest) of the daily maximum 1-hour NO2 values aver-



aged over the 3-year 2009 through 2011 period from this monitoring station (i.e., 



40.3 ppb) will be used as the 1-hour NO2 background concentration. This background 



concentration will be added to the predicted eighth highest 1-hour impacts at each recep-



tor to derive at the maximum total 1-hour NO2 impacts. This approach is widely used but 



conservative, since the background value may already include contribution from some of 



the existing sources modeled. 



 



Appendix C contains a summary table (as reported in FDEP’s 2011 Annual Ambient 



Monitoring Report) showing precision, bias, and accuracy of continuous gaseous moni-



toring data for ozone and NOx. 



  



As an option, temporal pairing of NO2 background concentrations (e.g., multiyear aver-



ages of hour-by-day data) using the AERMOD BACKGRND keyword may be imple-



mented. If temporal pairing of background concentrations is utilized, the method used to 



incorporate the background concentrations will be submitted to EPA/FDEP for approval 



prior to conducting the Jacksonville Lime modeling analysis. 



 



With this supplemental modeling protocol, Jacksonville Lime is requesting FDEP/EPA 



approval on the use of Tier 3 modeling, proposed input data, and methodology. 
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Source:  FDEP, 2012; ECT, 2012. 



Facility/ 



EU ID 
Source Description 



Ht Dia 
Exit 



Vel 



Exit_ 



Temp 
Emis UTM-E UTM-N Distance 



[m] [m] [m/s] [K] (g/s) [m] [m] (m) 



          
JEANOR16 SJRPP Boiler No. 1 195.1 6.8 23.41 341.89 464.85 447,050 3,366,790 10,542 



JEANOR17 SJRPP Boiler No. 2 195.1 6.8 22.10 341.89 464.85 446,900 3,366,300 10,101 



JEANOR3 NGS Boiler No. 3 91.5 7.0 18.90 438.56 190.43 446,820 3,365,150 9,314 



JEANOR6 NGS Combustion 



Turbine No. 3 



9.1 3.9 41.60 699.67 47.03 446,750 3,365,500 9,472 



JEANOR7 NGS Combustion 



Turbine No. 4 



9.1 3.9 41.60 699.67 47.03 446,750 3,365,500 9,472 



JEANOR8 NGS Combustion 



Turbine No. 5 



9.1 3.9 41.60 699.67 47.03 446,750 3,365,500 9,472 



JEANOR9 NGS Combustion 



Turbine No. 6 



9.1 3.9 41.60 699.67 47.03 446,750 3,365,500 9,472 



JEANOR27 NGS - Circulating 



Fluidized Bed Boiler 



No. 1 



150.9 4.6 20.12 335.22 31.38 446,960 3,365,210 9,463 



JEANOR26 NGS - Circulating 



Fluidized Bed Boiler 



No. 2 



150.9 4.6 20.12 335.22 31.38 446,870 3,365,180 9,372 



CEDBAY01 CIRCULATING 



FLUIDIZED BED 



BOILER A 



122.9 4.1 36.59 402.44 22.79 441,690 3,365,790 6,617 



CEDBAY02 CIRCULATING 



FLUIDIZED BED 



BOILER B 



122.9 4.1 36.59 402.44 22.79 441,670 3,365,770 6,591 



CEDBAY03 CIRCULATING 



FLUIDIZED BED 



BOILER C 



122.9 4.1 36.59 402.44 22.79 441,650 3,365,750 6,565 



ANCHOR3 GLASS MELTING 



FURNACE NO. 3 



34.5 1.5 13.60 588.56 13.40 431,480 3,357,720 8,078 



ABUSCH27 97.7 MMBTU/HR 



SOLAR MARS GAS-



FIRED TURBINE 



30.5 1.8 19.51 413.56 9.46 437,910 3,366,860 7,392 



JEANOR14 NGS Auxiliary Boiler 



"1" (Oil/Gas Fired) 



51.2 3.4 41.60 414.11 8.25 446,940 3,364,995 9,321 



USGYP59 #3 BOARDLINE KILN 



DRYER 



29.0 2.0 1.52 369.11 8.40 438,900 3,361,200 1,652 



ANCHOR4 GLASS MELTING 



FURNACE NO. 4 



37.2 1.5 11.59 488.00 6.84 431,500 3,357,500 8,113 



JEAKEN15 170 MW Simple Cycle 



Combustion Turbine # 



7 



27.4 7.3 26.62 875.22 40.10 439,950 3,359,390 652 



BAPTMC13 SOLAR H 



COMBUSTION 



GENERATOR T-4 



15.2 1.1 274.1



5 



480.22 5.69 436,160 3,353,850 6,574 



JEAKEN16 Combustion Turbine #8 27.4 5.5 47.90 871.89 42.25 439,890 3,359,380 599 



BAPTMC5 SOLAR 



COMBUSTION 



TURBINE (T-2), 



NATURAL GAS 



FIRED, (#2 OIL) 



15.2 1.1 27.71 480.22 5.35 436,180 3,353,850 6,564 











Offsite NOx Emissions Inventory 
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Source:  FDEP, 2012; ECT, 2012. 



Facility/ 



EU ID 
Source Description 



Ht Dia 
Exit 



Vel 



Exit_ 



Temp 
Emis UTM-E UTM-N Distance 



[m] [m] [m/s] [K] (g/s) [m] [m] (m) 



          
BAPTMC3 NATCO 



COMBUSTION 



TURBINE 



GENERATOR (T-1) 



15.2 0.9 45.73 435.78 4.87 436,120 3,353,940 6,515 



BAPTMC12 VALLEY 



COMBUSTION 



TURBINE 



GENERATOR T-3 



15.2 1.1 24.36 480.22 4.84 436,150 3,353,850 6,579 



ROCTEN22 NATURAL GAS/#2 



FO FIRED PKG 



STEAM BOILER (#1 



OF 3 BOILERS) 



61.0 2.4 6.92 438.56 4.41 442,110 3,365,910 6,887 



ROCTEN23 NATURAL GAS/#2 



FO FIRED PKG 



STEAM BOILER (#2 



OF 3 BOILERS) 



61.0 2.4 6.92 438.56 4.41 442,110 3,365,910 6,887 



ROCTEN26 NATURAL GAS/#2 



FO FIRED PKG 



STEAM BOILER (#3 



OF 3 BOILERS) 



61.0 2.4 6.92 438.56 4.41 442,110 3,365,910 6,887 



ANCHOR1 #1 GLASS MELTING 



FURNACE 



14.6 0.9 32.13 671.89 4.35 431,420 3,357,710 8,139 



ABUSCH2 BOILER #2 - FUEL 



OIL/NATURAL 



GAS/BIO-GAS 



30.5 1.1 16.34 488.56 4.64 437,960 3,367,060 7,579 



ABUSCH1 BOILER #1 - FUEL 



OIL/NATURAL 



GAS/BIO-GAS 



30.5 1.1 16.16 488.56 4.64 437,940 3,367,040 7,563 



ABUSCH4 BOILER #4 - FUEL 



OIL/NATURAL 



GAS/BIO-GAS 



30.5 1.1 16.34 488.56 4.64 437,910 3,366,980 7,510 



ABUSCH3 BOILER #3 - FUEL 



OIL/NATURAL 



GAS/BIO-GAS 



30.5 1.1 16.34 488.56 4.64 437,960 3,366,060 6,598 



RENESS32 NO. 1 BOILER, 140 



MILLION BTU PER 



HOUR 



38.1 1.2 23.29 449.82 2.45 436,250 3,361,100 3,427 



JEAKEN13 AUXILIARY BOILER 



# 1 



10.1 0.5 17.68 493.56 0.34 440,000 3,359,200 779 



TRANMO23 HOT OIL HEATER 



NO. 2 



9.1 0.8 9.33 613.71 0.16 440,020 3,358,930 963 



TRANMO11 CLEAVER BROOKS 



BOILER #4 



6.1 0.4 9.54 449.67 0.15 439,950 3,358,890 944 



TRANMO18 CLEAVER BROOKS 



BOILER NO. 5 



8.5 0.4 9.54 449.67 0.11 440,030 3,358,890 998 



TRANMO12 HOT OIL HEATER 



NO. 1 



6.1 0.3 21.80 560.78 0.11 439,950 3,358,900 937 



  











 



APPENDIX B 



 



IN-STACK NO2/NOx LITERATURE 











N02JNOx Ratios for Boilers (External Combustion Sources) 



Load Tes 
Equipment (%01 Operatln t 
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Source; EPA's TIN Web Stle; ECT, 2013 .. 











N02lNOx Ratios of Combustion Turbines 



N02 Av NO Contact name 











N02lNOx Ratios of Combustion Turbines 



- Source; EPA's TIN Web SUe; ECT, 2013 .. 











IN-STACK MEASUREMENTS 



OF NO2 PARTITIONS FROM 



VARIOUS COMBUSTION 



SOURCES



Mannie L. Carpenter, P.E.



Jason Nockleby, QSTI



Gatekeeper Regulatory Roundup



April 3, 2012











THE OXIDES OF NITROGEN



Stable!Compounds



• Nitrous!oxide!– N2O



• Nitric!oxide!– NO



• Nitrogen!dioxide!–



NO2



Unstable!Compounds



• Dinitrogen trioxide!–



N2O3



• Dinitrogen tetroxide –



N2O4



• Dinitrogen pentoxide



– N2O5











OXIDES OF NITROGEN



• Stability!at!room!temperature!(least!to!most!



stable):



– Nitrous!oxide!– N2O



– Nitric!oxide!– NO



– Nitrogen!dioxide!– NO2











NOX REACTIONS IN AIR



NO!+!C2H4O2!=!C2H4O!+!NO2



NO2 +!O2 +!UV=!NO!+!O3











NOX REACTIONS IN AIR



3NO2 +!H2O!=!NO!+!2HNO3











NATIONAL AMBIENT AIR 



QUALITY STANDARD FOR NO2



• 1"Hour!Standard!– 100!ppb



• Annual!Standard!– 53!ppb











AP 42 NO2 EMISSION FACTORS



NOx NO2



Combustion!Source (lb/MMBtu) (%!of!NOX)



Bitum.!Coal"Fired!! 0.19!– 1.2 5%



Oil"Fired! 0.069!– 0.38!!!!!!!5!– 25%



NG"Fired 0.031!– 0.27!!Not!Specified











AP 42 NO2 EMISSION FACTORS



• “Generally,!95!volume!%!or!more!of!NOX



present!in!combustion!exhaust!will!be!in!the!



form!of!NO,!the!rest!NO2.”!(AP!42!Table!1.1"3)



• “Test!results!indicate!that!at!least!95%!by!



weight!of!NOX is!NO!for!all!boiler!types!except!



residential!furnaces,!where!about!75%!is!NO.”!



(AP!42!Table!1.3"1)











NO2 PARTITION FACTOR



• “(W)e!recommend!…!0.50!as!a!default!in"stack!



ratio!of!NO2/NOX for!input!to!the!PVMRM!and!



OLM!options!within!AERMOD,!in!the!absence!



of!more!appropriate!source"specific!



information!on!in"stack!ratios.”!(3/1/11!



Memorandum!from!Tyler!Fox,!EPA!Air!Quality!



Modeling!Group!Leader,!to!EPA!Regional!Air!



Division!Directors)











PRINCIPLES OF NOX



MEASUREMENT



NO2 +!Heat!(Catalyst)!=!NO



NO!+!O3 =!NO2!*!+!O2



NO2* =!NO2!+!h#











NOX MEASUREMENTS











NOX MEASUREMENTS
! In Stack



Filter
3-Way Calibration



Valve



Heated



Probe
Heated



LineCalibration Gases



Sample Gas Manifold



Moisture



Removal



System



Flow



Control



Valve



Analyzer AnalyzerAnalyzerAnalyzerAnalyzerAnalyzer



Flow



Control



Valves



Exhaust Manifold
Data Recorder



Pump











NOX MEASUREMENTS



Total!NOX NO2



Source!(Test!Avg.) (ppmvd) (%!of!NOX)



Coal"Fired!Boiler 290 3.3%



Oil"Fired!Boiler 78 2.4%



NG"Fired!Boiler 29 2.6%



NG"Fired!Boiler 18 23%











NOX MEASUREMENTS



Total!NOX NO2



Source!(Test!Avg.) (ppmvd) (%!of!NOX)



NG"Fired!Turbine 15 8.8%



NG"Fired!Turbine! 6.9 20%



NG"Fired!Furnace 76 2.9%



NG"Fired!Heater 28 1.3%











NOX MEASUREMENTS



Total!NOX NO2



Source!(Test!Avg.) (ppmvd) (%!of!NOX)



NG"Fired!TO 63 1.1%



NG"Fired!TO 34 1.6%



NG"Fired!TO 48 16%











NOX MEASUREMENTS



Total!NOX NO2



Source!(Test!Avg.)! (ppmvd) (%!of!NOX)



Oil"Fired!HMAP 64 0.93%



Asphalt!Incinerator 35 30%











NOX MEASUREMENTS



Summary!for!60!Runs (%!of!NOX)



Range!of!NO2 Partition 0.52!– 32%



Average!of!NO2 Partition 5.0%











CONCLUSIONS



• On!average 5%!of!total!NOX emissions!of!



sources!in!this!survey!were!NO2



• Individual!sources!of!the!same!type!may!vary!



significantly!from!the!average



• Actual!NO2!partition!can!be!determined!by!



testing











For!more!information!contact:



Mannie!L.!Carpenter,!P.E.



JBR!Environmental!Consultants,!Inc.



1553!West!Elna!Rae!St.,!Ste!101



Tempe,!AZ!85281



Phone:!!480"829"0457



E"Mail:!!mcarpenter@jbrenv.com











THE END











Mr. Mannie Carpenter has over 30 years of professional experience and is a registered 
professional engineer in the state of Arizona in the environmental engineering discipline.  His 
employment experience includes mining, power generation, manufacturing, and environmental 
consulting.   
As a consultant, he has worked for clients in a variety of industries, including coal, oil, gas, solar, 
and nuclear power generation; natural gas, diesel fuel, gasoline and bio-fuels processing and 
distribution; aerospace, semi-conductor, and electronic products manufacturing; copper, 
molybdenum, gold, silver, and non-metallic mineral mining; food and cosmetic preparation; steel 
and aluminum recycling furnaces; and landfills, incinerators, wastewater treatment, and related 
waste disposal facilities. His air quality related projects include preparation of Title V, General, 
and Non-Title V air quality permit applications in Arizona, Nevada, Texas, New Mexico, and 
Idaho.
He has conducted hundreds of air quality emissions tests for engineering and regulatory 
compliance, including testing of many non-traditional emission sources that have required 
development and approval of one-of-a-kind test methodologies.  He also has prepared Tier II, 
Form A and Form R reports for industrial clients since the inception of the Emergency Planning 
and Community Right to Know Act.   
He has established a reputation for excellence with clients and state and county regulatory 
agencies.  A native of Arizona, Mannie enjoys experiencing the variety of natural resources 
available here.   











HUNTON 
WIlliAMS 



June 14,2011 



By Electronic Mail & First Class Mail 



Mr. Tyler Fox 
Leader, Air Quality Modeling Group 
Office of Air Quality Planning & Standards 
U.S. Environmental Protection Agency 
Mail Drop C439-0 1 
Research Triangle Park, NC 27711 



Re: March 1,2011 Memorandum Concerning Modeling To Demonstrate Compliance with 
the I-hour N02 National Ambient Air Quality Standard 



Dear Mr. Fox: 



Members of the organizations listed below have experienced difficulty in permitting sources because 
of newly adopted requirements for modeling to demonstrate compliance with the new I-hour national 
ambient air quality standard ("NAAQS") for nitrogen dioxide ("N02"). On April 1, shortly after 
EPA promulgated that NAAQS, EPA issued a memorandum addressing the "Applicability of the 
Federal Prevention of Significant Deterioration Permit Requirements to New and Revised National 
Ambient Air Quality Standards." That memorandum concluded that any new or pending application 
for a PSD permit would require a demonstration that emissions from the source for which the permit 
was sought would not cause or contribute to a violation of the I-hour N02 NAAQS; this 
demonstration would require the permit applicant to use of air quality modeling. Moreover, such 
modeling is being required in some instances even of minor source permittees. 



As EPA is aware, problems immediately resulted because the models significantly overestimate 1-
hour N02 concentrations, predicting violations where none are actually occurring. EPA has 
attempted to address these problems by trickling out guidance documents over the past year. The 
latest such memorandum is dated March 1, 2011, and entitled "Additional Clarification Regarding 
Application of Appendix W Modeling Guidance for the I-hour N02 National Ambient Air Quality 
Standard" ("March 1 Memorandum"). Members of the organizations listed below share concerns 
about this latest guidance and offer the enclosed comments on it. 



In addition to the specific concerns discussed in the enclosed comments, the organizations listed 
below are troubled that the approach EPA seems to be pursuing is one that addresses issues only as 
they arise in individual permit proceedings. This approach is not working, and substantial delay and 
uncertainty are resulting. It would have been far preferable if EPA had instead identified and 
resolved the issues before requiring modeling to demonstrate compliance with the I-hour N02 
NAAQS. 











HUNTON 
WILLIAMS 



Mr. Tyler Fox 
June 14,2011 
Page 2 



It is also troubling that EPA did not consult the public before releasing the March 1 Memorandum. If 
such consultation had occurred, identification of the issues enumerated in the enclosed comments 
could have occurred earlier, and those issues could have been worked through before release of the 
guidance. An opportunity for those outside of EPA including the public, state and local modelers, 
and modeling consultants -- to have provided comments on a draft, for example, could have served 
this purpose, and we urge EPA to use that approach in the future. 



Please contact one of us if you would like to discuss these concerns, suggestions, or the enclosed 
comments further. 



cc ( electronic mail only): 



Sincerely, 



On behalfof 



American Coke and Coal Chemicals Institute 
American Forest and Paper Association 
American Iron & Steel Institute 
American Petroleum Institute 
American Wood Council 
Corn Refiners Institute 
Industrial Minerals Association -- North America 
National Environmental Development Association 
National Oilseed Processors Association 
Utility Air Regulatory Group 



Regina McCarthy, Assistant Administrator, Office of Air & Radiation 
Janet McCabe, Deputy Assistant Administrator, Office of Air & Radiation 
Stephen D. Page, Director, Office of Air Quality Planning & Standards 
Richard Wayland, Director, Air Quality Assessment Division 
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COMMENTS ON EPA’S MARCH 1, 2011 MEMORANDUM: APPLICATION 
OF APPENDIX W MODELING GUIDANCE FOR THE 1‐HOUR NO2 NAAQS 
 
EXECUTIVE SUMMARY 
 
On March 1, 2011, EPA’s Office of Air Quality Planning and Standards (OAQPS) issued an internal 
memorandum to Regional Air Division Directors entitled "Additional Clarification Regarding Application 
of Appendix W Modeling Guidance for the 1‐hour NO2 National Ambient Air Quality Standard" (March 1 
Memorandum).   While the discussion of NO2 chemistry options in the Memorandum is exclusive to the 
1‐hour nitrogen dioxide (NO2) standard, EPA noted that the other topics in the Memorandum apply 
equally to the 1‐hour sulfur dioxide (SO2) NAAQS.   



The March 1 Memorandum addresses the following major areas: 



• Procedures for demonstrating compliance with the 1‐hour NAAQS, including the use of the 
interim Significant Impact Levels (SILs) and applicability of monitoring requirements to modeling 
demonstrations; 



• Application of tiered approaches for modeling NO2; 



• Treatment of intermittent sources; 



• Determining background concentrations; and  



• Combining modeled results and monitored background to determine compliance. 



The Memorandum also includes an appendix that provides a summary of AERMOD model performance 
for 1‐hour NO2 concentrations. 



GENERAL CONCERNS WITH THE MODEL AND MODELING REQUIREMENTS 



Because the new 1‐hour SO2 and NO2 standards are much more stringent than the previous NAAQS and 
due to the practice of applying air quality modeling to manage air resources, there is a critical need for 
EPA to shift the modeling paradigm to more accurate (less conservative) concentration estimates.  We 
have noticed that the Memorandum has addressed some of industry’s concerns concerning treatment 
of intermittent sources and the overly burdensome cumulative impact analysis.   The March 1 
Memorandum provides helpful recommendations for more realistic approaches for assessing the impact 
of intermittent sources, and suggests more reasonable methods for a cumulative impact analysis.  
However, as outlined in our detailed comments, there are critical issues that the Memorandum does not 
address, which need to be resolved before realistic estimates of ambient concentrations can be made.  
A key issue is the need for more realistic modeling of NO2, a secondary pollutant, because current 
methods may impair a facility’s ability to conduct an accurate assessment of source impacts.    



In particular, the accuracy of the recommended AERMOD model has been evaluated extensively only for 
nonreactive pollutants.  NO2 is a secondary pollutant (i.e., it is not directly emitted, but is rather formed 
in the atmosphere).   Emissions of total nitrogen oxides, most of which are emitted as nitric oxide (NO, 
which is not a significant health hazard) are converted into NO2 in the presence of ozone.  A critical 
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aspect of modeling concentrations of NO2 is determining the rate of transformation of NO into NO2 
(primarily through oxidation with ozone), rather than the prediction of the total concentration of NOX 
(NO plus NO2).  The model evaluation databases for NO2 as presented in the March 1 Memorandum are 
very limited and do not address AERMOD overpredictions for various distance ranges and source types.   



In early modeling applications, it was conservatively assumed that most of the NOX was in the form of 
NO2.  Such conservative estimates were acceptable to regulated sources because the average NO2/NOX 
ratio is higher for the lower NOX concentrations associated with annual averages, and because the 
annual NAAQS had a reasonable margin for compliance.  However, as the March 1 Memorandum 
correctly states (on page 12), “…given the stringency of the new 1‐hour NO2 standard, the ‘margin for 
error’…is much smaller than it has been in the past.”  Given this acknowledgement, EPA should be 
compelled to review all aspects of modeling guidance for overprediction tendencies that will lead to 
false indications of modeled violations.  This modeling review must include stakeholders outside of EPA.  
The regulated community needs an unbiased dispersion model for predicting compliance with the 1‐
hour NAAQS, and the current implementation of AERMOD is not achieving that goal. 



It is an inappropriate air quality management approach to simply add conservatism to modeling 
guidelines (e.g., modeling with allowable emissions being emitted continuously at all sources) such that 
modeled concentrations exceed the 1‐hour SO2 or NO2 standard when monitoring indicates compliance 
with the standard.   Such false indications of violations will then lead to unnecessary commitment of 
scarce state and industry resources to solve nonexistent compliance issues.   



OVERARCHING PROCEDURAL CONCERNS 



The March 1 Memorandum does not ‐‐ and cannot ‐‐ resolve our concerns about EPA’s methodology for 
changing its requirements for modeling.  It appears that important changes in modeling methodology 
are being instituted using the Agency’s Model Clearinghouse process or internal memos from OAQPS to 
Regional Air Division Directors as opposed to issuing changes in Appendix W “Guideline on Air Quality 
Models”.1  While these memos are officially labeled as “guidance” and not regulations, they are, in 
effect, regarded by EPA regions as regulations.  EPA has indicated orally that opening Appendix W would 
take several years to implement any formal change in modeling procedures, so the Agency prefers using 
the Model Clearinghouse or the internal memo process.  There are, however, fundamental flaws in using 
the EPA Modeling Clearinghouse process to implement advancements in modeling, because public input 
and review are currently precluded.  EPA has stated that any changes that are implemented to modeling 
through the Model Clearinghouse process must be tied directly to a specific project.  But industry is not 
likely to try to implement changes to modeling procedures that are directly coupled to a specific project.  
Further, since EPA is not likely to consider recommended changes in modeling that are not related to a 
project, this policy precludes any form of real improvement to modeling.   



A similar concern is that OAQPS has issued significant regulatory changes through guidance memos, 
including the March 1, 2011 Memorandum that is the subject of this discussion.  Once again, these 



                                                            
1 Available at http://www.epa.gov/ttn/scram/guidance/guide/appw_05.pdf.  
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changes have not been subject to any public review or technical comment.  In addition, related model 
performance evaluations and significant model code changes have been implemented by OAQPS 
without any technical peer review outside of EPA or public process.   



While a multi‐year process to implement changes to Appendix W is undesirable, it does allow for public 
and technical participation from all stakeholders that is lacking in the current approach.  Industry is 
encouraging EPA to devise a process improvement to both the Appendix W revisions (which could 
probably be shortened to a one‐year period) and to issuance of internal EPA memoranda that change 
permitting procedures.  As it stands, we remain concerned that the March 1 Memorandum and previous 
memoranda are de facto regulations that have not undergone public or technical review.   



OVERALL CONCLUSIONS 



We note that the March 1 Memorandum has started to address some of our previously‐stated concerns, 
but some critical issues must still be resolved.  These issues include: 



• AERMOD still has an inherent NO2 overprediction problem.  This cannot be resolved without 
further research, field studies, and model evaluation.   The overprediction bias is too high for 
AERMOD to be reliably used for New Source Review permitting or NAAQS compliance analyses. 



• The Default Tier 2 ambient ratio (NO2/NOX) of 0.80 is much too high for peak impacts.  We are 
working on a proposed refinement to the Tier 2 procedure that we hope EPA will adopt quickly.  
This may reduce the need to use the more complex Tier 3 methods. 



• The interim 1‐hour SIL is too low and calculated in a manner inconsistent with the form of the 
NAAQS.  We recommend that the NO2 SIL should be adjusted from 4 ppb to 9 ppb if the 
maximum value instead of the 98th percentile value is used. 



• Data demonstrate that a default in‐stack NO2/NOX ratio of 0.50 is an outlier, and is not credible 
for most applications, which should use much lower values.  EPA needs to establish a repository 
of available in‐stack test data for use in modeling applications with Tier 3 approaches. 



• The use of paired‐in‐time monitored background and modeled concentrations should be 
routinely allowed.  EPA’s current procedures for determining background to be added to 
modeled impacts have inherent overprediction biases. 



• EPA acknowledges that permit applicants are likely to need to use refined Tier 3 modeling 
methods, but EPA also makes it difficult to get approval for those methods.  There is also a need 
for better EPA guidance for the hourly NO2 and ozone databases used by the refined methods.  
This problem is exacerbated by the limited number of NO2 monitoring sites and sparse ozone 
data from periods other than the ozone season. 
 



The current process that EPA uses to issue model guidance updates precludes public input.  We believe 
that EPA would benefit significantly from the substantial technical and scientific knowledge and 
resources that the public can offer, especially in these times of constrained resources.  We recommend 
that EPA communicate and exchange information and ideas on a routine basis with public workgroups, 
including industry experts, to approach the significant challenges noted above on a more collaborative 
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basis.  If we work together, we believe that EPA can improve its modeling procedures more effectively 
and in a more time‐efficient manner at lower cost, and avoid time needlessly wasted on litigation issues.   
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DETAILED COMMENTS ON THE MARCH 1 MEMORANDUM 



The following discussion provides detailed comments on various areas addressed in the March 1 
Memorandum.  In our conclusions, we express a desire and willingness to work with EPA much more 
actively on a collaborative effort to solve the technical issues noted below, and also to mitigate the 
overprediction issues in the near term while long‐term solutions are jointly pursued. 



These comments address both issues with the performance of the AERMOD model, as EPA is 
recommending it be used for 1‐hour NO2 and SO2 modeling, and with EPA’s procedures for establishing 
requirements for such modeling. 



APPROVAL AND APPLICATION OF TIERING APPROACH FOR NO2 



Default 0.5 In‐stack NO2/NOX Ratio 



1. The use of a default 0.5 in‐stack ratio can introduce substantial model overpredictions. 



EPA’s March 1 Memorandum requires the use of an in‐stack NO2/NOX ratio of 0.5, although EPA has 
provided insufficient justification for this arbitrary assumption.  Review of actual stack test data 
shows that typical in‐stack NO2/NOX ratios are substantially lower than the 0.5 default value.  We 
recommend that EPA continue to use the 0.1 ratio as a default, since this recommended default 
value is supported by actual source testing data.  Table 1 shows that for a variety of sources, the in‐
stack NO2/NOX ratios range from 0.08 to 0.24.  EPA’s own AP‐42 document2 states that for 
combustion processes, test data have shown that for most external fossil fuel combustion systems, 
over 95 percent of the emitted NOX is in the form of NO (a NO2/NOX ratio of 0.05).  Similarly, EPA’s 
SMOKE emissions model uses a 0.1 NO2/NOx ratio.



3  The John Zink Corporation4 states that 0.10 is 
an accepted NO2/NOX ratio.  In a presentation from the American Flame Research Committee 2010 
Pacific Rim Combustion Symposium,5 NO2/NOX ratios ranged from 0.02 to 0.05, all well below the 
unjustified default 0.5 ratio noted in the March 1 Memorandum. 



It is evident from modeling experience that at distances close to a modeled source, the modeled 
NO2/NOX ratio (and, thus, the NO2 concentration) is highly dependent upon the assumed in‐stack 
ratio.  The use of the default ratio of 0.5 can result in large overpredictions at a facility fence line. 



                                                            
2 Available at http://www.epa.gov/ttn/chief/ap42/ch01/final/c01s03.pdf. 



3 Available at http://www.epa.gov/ttn/chief/emch/speciation/index.html (follow links to 
ftp://ftp.epa.gov/EmisInventory/emch_latest_ancillary/smoke_format/readme_speciation.pdf). 



4 Baukal, C.E. (2001). The John Zink Combustion Handbook. Boca Raton, FL: CRC Press. 



5 Platvoet, E.and J. Zink,2010. NOX Emissions of Industrial Burners using Turbine Exhaust Gas as Oxidant.  Presented at the 2010 
Pacific Rim Combustion Symposium, September 26th – 29th, 2010, Maui, Hawaii. 
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EPA already has stack test data available to establish a database to make in‐stack ratio information 
available to permit applicants nationwide.  In‐stack ratio data should be segmented by source 
categories.  If actual in‐stack data are not available for a specific piece of equipment, EPA should 
allow the use of data for similar equipment as opposed to the default ratio.  



Table 1.  Summary of In‐stack NO2 Fractions from Short‐term Testing 



Source Type  NO2 Fraction 



Lean Burn I/C Engine Wauk 7042  0.19 
 (average of 13 engines)  



Taurus 60‐7800S turbine   0.24 



Centaur 40‐4700S turbine  0.18 



Natural Gas‐fired heater  0.11 



TXP4 Amine Unit T‐Ox  0.14 



Mars 100‐15000S turbine  0.13 



Titan 130‐20502S turbine  0.19 



Diesel drilling rig engine  0.08 



       Sources:  BP;  Caterpillar; Others 



 
Tier 2 Ambient ratio Method (ARM) for NO‐to‐NO2 Conversion 
 



2. The use of a default ambient NO2/NOX ratio of 0.80 can introduce substantial model 
overpredictions. 



 
In the March 1 Memorandum, the Tier 2 ambient ratio was changed from 0.75 to 0.80.  The 
Memorandum  referenced a number of studies supporting this change, but it is not clear from the 
brief discussion in the Memorandum  whether the suggested ambient ratio is based upon low 
concentration values as opposed to the more appropriate (and controlling) high concentration 
values.  What EPA failed to address in this explanation is the ambient ratio in areas of maximum NOX 
impact from the roadways, which is noted by EPA in the implementation of the NAAQS as a very 
important area for NAAQS compliance.   For example, an investigation6 of roadway NO2/NOX ratios 
was made for vehicles traveling in tunnels close to the source, indicating that the ambient ratios 
were much lower than 0.80, ranging from 0.19 to 0.28.   



The American Petroleum Institute (API) is conducting a research project investigating the conversion 
of NO into NO2 in areas of maximum impact. Ambient air quality data have been analyzed to 
determine actual NO2/NOX ratios that are observed at numerous monitoring stations.  Extensive 



                                                            
6 Yao, X., N. T. Lau, C. K. Chan, and M. Fang, 2005. The use of tunnel concentration profile data to determine the ratio of NO2/NOX 
directly emitted from vehicles.  Atmospheric Chemistry and Physics Discussion, 5, 12723–12740. 
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reviews of monitoring data by Blewitt et al.7 (provided separately) and Scire et al.8 have found that 
for the highest NOX concentrations, the NO2/NOX ratios are typically less than or equal to 0.2. The 
NO2/NOX ratios approach EPA’s suggested default ratio only for low NOX concentrations that do not 
factor into the determination of the modeled design value to be compared to the NAAQS.  The data 
analysis indicates that a modified ambient ratio method with a variable conversion ratio as a 
function of total NOX concentration may be a viable alternative for improving modeling accuracy.  
Data from both studies indicate the monitors show the same relationship of decreasing NO2/NOX 
ratios as NOX concentration increases.  This relatively simple approach may more accurately reflect 
the complex entrainment, mixing, and chemical processes than the Tier 3 methods discussed below.  
Based upon these studies of more relevant data, we hope to provide more formal information to 
EPA in the near future so that the Agency can issue an updated guidance memo that allows for use 
of a variable conversion ratio in lieu of a default 0.80 value.   



 
Tier 3 Options for NO‐to‐NO2 Conversion 



3. In theory, models based on physical processes are very desirable.  However, the Tier 3 PVMRM and 
OLM formulations need more development before EPA can conclude that their recommended 
approaches lead to a “small margin of error”. 
 
EPA provides a more sophisticated set of modeling procedures (Tier 3) to account for the conversion 
of NO to NO2 that is a function of the ambient ozone concentration.9  The two Tier 3 methods 
provided in AERMOD are the Ozone Limiting Method (OLM) and the Plume Volume Molar Ratio 
Method (PVMRM).  OLM makes the simple assumption that ambient ozone mixes completely and 
instantaneously with an emitted plume’s NO to form NO2 to the extent that there is available ozone 
(hence, the name “ozone limiting” because the conversion is limited by the availability of ozone).  
The PVMRM model is more refined in that the mixing of ambient ozone with the plume’s NO is 
computed at the plume centerline (not the ground) and the available ozone to mix with the plume’s 
NO is computed as a function of the plume’s cross sectional area as a function of downwind 
distance.  However, as further described below, we are concerned with the conservative 
assumptions of instantaneous conversion of NO to NO2 as well as an overestimate in the plume’s 
cross sectional area available for ozone mixing.  These two issues result in an accelerated conversion 
of NO to NO2 that we believe is too fast and which overpredicts the NO2 concentration. 
 



                                                            
7 Blewitt, D., D. Wood, B. Nicholson, and M. Podrez, 2011.  Analysis of Near Field NO2 Conversion Rates and the Development of 
a NO2 Repartitioning Modeling Approach for Demonstrating Compliance with the 1‐Hour NO2 Standard.  Paper A‐626, 
presented at the 104th Annual Conference and Exhibition of the Air & Waste Management Association, Orlando, FL.  
 
8 Scire, J. and M. Borrisova, 2011.  An Empirical Method for Modeling Short‐Term and Annual NO2 Concentrations in Regulatory 
Models.  Presentation B5.4 at the 2011 Energy, Utilities, and Environmental Conference, Phoenix, AZ.   



9 It should be noted that there are other reactions that form NO2 other than simply ozone, but EPA has not included these more 
complex chemical reactions in simplistic AERMOD modeling.   
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The basic problem with the current Tier 3 methods is that they overestimate the NO2/NOX ratios, 
especially at the critical areas close to a facility.  Available field data for testing AERMOD have not 
provided sufficient model evaluation to correct for these overprediction tendencies.   Two areas of 
specific concern described further below are the conversion of NO to NO2 once the plume is well‐
mixed with ozone, as well as the rate at which the plume NO mixes with ambient ozone. 
 
a) Finite Time for Mixing of Ambient Ozone into Plumes 



A key overprediction problem with AERMOD’s estimate of the conversion of NO to NO2 is related to 
the rate at which ambient ozone mixes with the plume’s NO in both the PVMRM and OLM 
approaches.  This issue is discussed in detail in Appendix A to these comments.   Both OLM and 
PVMRM assume that there is instantaneous entrainment mixing of ambient ozone concentrations 
into the interior of a plume; this assumption is not realistic.  Ozone at the outer edges of the plume 
parcel is scavenged by the NO at the plume perimeter so that even when ozone has been mixed into 
the interior regions, it is at a much lower concentration than the ambient concentrations.  Not until 
the plume has traveled substantially downwind will the central portion of the plume experience the 
higher ambient ozone concentrations that are typically monitored in areas away from direct plume 
exposures.  Therefore, both OLM and PVMRM will overstate NO2 conversions based on maximum 
computed NOX plume center concentrations.   



 
The resulting dependence upon predicted NO2/NOX ratios due to the assumption of the plume size 
available for mixing with ambient ozone, used in the PVMRM Tier 3 approach, is more important at 
greater distances (say, beyond a few hundred meters).  This is because, at small distances, there is 
generally minimal plume mixing with ambient air for either end of the range of assumed mixing 
rates, even though PVMRM assumes that there is more mixing than actually occurs.  At greater 
distances, we find that with more realistic assumptions for plume mixing versus those currently used 
in AERMOD, the differences in the assumed NO2 production due to the use of different plume 
mixing volumes can be as high as a factor of 2‐3.     
 
These critical model formulation issues need further public review, as well as evaluation with 
available or even new field studies before the Tier 3 procedures can be deemed to be adequately 
unbiased. 
 
b) Chemical Reaction Time 



 



NO2 is a secondary pollutant, with most in‐stack NOX consisting of NO rather than NO2.  Standard 



methods for modeling the conversion of NO to NO2
 are based on NO titration by ozone, the fastest 



ambient air reaction that oxidizes NO to NO2: 



NO + O3 → NO2 + O2. 



The modeling algorithms in AERMOD (the Ozone Limiting Method ‐ OLM and the Plume Volume 



Molar Ratio Method ‐ PVMRM) that estimate the contribution of NOx sources to ambient NO2 
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concentrations inherently assume that the reaction involving NO and available O3 occurs 



instantaneously.  Although this chemical reaction is relatively rapid, it is not instantaneous, but 



instead is a function of the ambient ozone concentration and ambient weather conditions, as 



further described in Appendix B to these comments. 



 



The type of situation where this consideration of reaction rate is important is when considering the 



1‐hour NO2 related to sources with relatively short stacks, where ambient air at the facility fence line 



is encountered only after a matter of seconds of transport time.  At that distance, the assumption of 



instantaneous conversion can easily result in an overprediction of at least a factor of 2, as shown in 



Appendix B.   



 



It is relatively simple to incorporate the finite reaction time into AERMOD that would help to provide 



a refined approach to address near‐field impacts. 



 



ATTACHMENT A to MARCH 1 MEMORANDUM  – SUMMARY OF AERMOD MODEL 
PERFORMANCE FOR 1‐HOUR NO2 CONCENTRATIONS COMBINING MODELED RESULTS AND 
MONITORED BACKGROUND TO DETERMINE COMPLIANCE 



 
4. There are limitations in the available databases for assessing AERMOD’s performance for 



predicting 1‐hour NO2 concentrations. 
 
The availability of measured data within a few hundred meters of a field data experimental source is 
limited.  Most of the distances to sampler points are at least a kilometer from the source.  The EPA 
modeling evaluation for Empire Abo, NM has severe limitations because a detailed emission 
inventory is not available (hourly emission rate and stack parameters).  
 
While the EPA evaluation indicates that PVMRM and OLM GROUP ALL replicate the monitoring data 
for both the Empire Abo, NM and Palaau, HI databases, the lack of an accurate emission inventory 
for the Empire Abo, NM facility places a large uncertainty on any conclusions regarding model 
performance.  At the time of the monitoring, the major NOX sources at the Empire Abo, NM facility 
were 14 large rich‐burn uncontrolled natural gas‐fired internal combustion (I/C) engines.  There are 
no data available regarding hourly load and fuel usage to estimate hourly emissions.  At the time of 
this monitoring program, the engines did not have air‐fuel ratio controllers and it is very likely that 
the fuel mixture substantially drifted over long‐term and short‐term averaging periods.  Recent 
continuous emission monitoring data from small rich‐burn engines equipped with air‐fuel ratio 
controllers indicates that there is considerable variation in NOX emissions over short‐time periods.  It 
is believed the Empire Abo, NM engines, which have no air‐fuel ratio controllers, would have 
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substantially more drift in hourly emissions than the controlled engines of the Toema study.10  Thus, 
the uncertainties in the emission inventory preclude the use of the Empire Abo, NM database for 
model evaluation for 1‐hour averages of dispersion and NO2 conversion.  These data are very useful 
in evaluating the conversion of NO into NO2.   



 
 In addition, the Palaau, HI modeling evaluation needs to be reviewed to determine if detailed 
emissions (hourly) are available.   
 
Because of the limitations of the Empire Abo database, which serves as the basis for the 
performance evaluations for Tier 3 modeling, there have been insufficient data to test the accuracy 
of PVMRM and OLM.     
 
In general, the AERMOD nonreactive model evaluations mostly focused on 3‐hour, 24‐hour, and 
annual averaging periods because those corresponded to the averaging time of the NAAQS at the 
time of the model evaluations.11  Although the model evaluations compared limited 1‐hour tracer 
experiments as well as 1‐hour mean bias for all databases that EPA considered,12 in the absence of a 
constraining standard for a 1‐hour averaging time, the evaluations did not focus upon potential 
model overpredictions for concentrations as low as the current NAAQS of 75 ppb (SO2) and 100 ppb 
(NO2).  One key issue is that even in rural conditions, an uncertain component of the evaluation for 
non‐tracer experiments – the background concentration – can be a substantial fraction of the total 
concentration.  Because of the new stringent SO2 and NO2 NAAQS, there is a pressing need to revisit 
the AERMOD evaluations to focus upon the 1‐hour averages.  The traditional rule‐of‐thumb that an 
overprediction bias within a factor of two is acceptable is not workable for such stringent standards, 
especially with a substantial fraction that is comprised of background concentrations, leaving a small 
margin for local source impacts.    
 
EPA should seriously consider searching for additional evaluation databases or conducting new field 
studies to better evaluate AERMOD.  If the regulated community offers to conduct new evaluation 
and/or field studies, we hope that EPA will become involved in a review capacity and work with the 
findings of the study promptly. 



                                                            
10 Toema, M., Nuss‐Warren, S., Chapman, K.S., McCarthy, J. and McGrath, T.  2009, Mapping Study to Characterize NSCR 
Performance on a Natural Gas‐Fueld Engine, Proceedings of the ASME Internal Combustion Engine Division 2009 Spring 
Technical Conference. 
 
11 The 2003 AERMOD model evaluation document is available at 
http://www.epa.gov/ttn/scram/7thconf/aermod/aermod_mep.pdf.  



12 In this context, simply evaluating the mean does not present information on the deviation from the mean for model 
performance.  
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PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH 1‐HOUR NO2 NAAQS 
 
Application of the SIL to Project Impacts 
 
5. The purpose of a SIL is to provide a screen to separate significant source impacts from those that 



are not significant.  We believe that the interim SIL for NO2 has been set at a threshold that is too 
fine and includes insignificant sources in a refined modeling analysis.   The magnitude of the SIL 
greatly influences the extent of the modeling demonstration needed for obtaining a permit.   



 
On June 29, 2010, EPA issued a letter (from Stephen Page of the Office of Air Quality Planning and 
Standards) that established a suggested interim Significant Impact Level (SIL) for the 1‐hour NO2 
average.  The establishment of a SIL is important because if the modeled ambient impacts from a 
proposed project are less than the SIL, the project:  



• is presumed to not cause or significantly contribute to a Prevention of Significant 
Deterioration (PSD) increment or a National Ambient Air Quality Standard (NAAQS) violation 
(in the context of the 1‐hour SO2 and NO2 standards, PSD increments are not currently 
applicable) , and  



• is not required to perform multiple‐source cumulative impact assessments.  



EPA recommended an interim SIL that is 4%13 of the 1‐hour NO2 NAAQS, which is 4% of 100 ppb, or 4 
ppb (about 7.5 µg/m3).  This is contrasted to the only other SIL associated with a 1‐hour NAAQS, for 
CO, for which the SIL is a higher percentage (5%) of the NAAQS. 



In the unprecedented NO2 or SO2 NAAQS, both of which are based upon a probabilistic 1‐hour 
standard, however, the interim EPA SIL values for the 1‐hour SO2 and NO2 standards are too low due 
to the much larger inconsistency than before in the form of the NAAQS (a probabilistic standard) 
versus the SIL (a peak value).  For example, the NO2 NAAQS is the 98



th percentile of the peak daily 1‐
hour maximum concentrations, while the SIL (as presently defined) is the peak hourly 
concentration.   These are very different forms, since the highest hourly concentration can be much 
higher than the 98th percentile peak daily 1‐hour maximum concentration.  There are two possible 
remedies to correct this situation: either adopt a probabilistic form of the SIL consistent with the 
NAAQS (the 98th percentile of the peak daily 1‐hour maximum concentration, rather than the 
highest 1‐hour concentration), or adjust the SIL upward to a level that reflects what it represents: 
the peak hourly concentration, not the 98th percentile daily 1‐hour maximum.   



In consideration of the latter recommendation, we have reviewed the national NO2 monitoring 
database (from EPA’s AirData database) for a recent 3‐year period (2005‐2007) to determine the 
ratio of the peak 1‐hour observation to the 98th percentile of the peak daily 1‐hour maximum 



                                                            
13 A value of 4% is noted by EPA in the proposed PSD rulemaking (July 23, 1996 Federal Register notice, page 38292) as a level for 
contribution to a PSD increment that is sufficiently low to waive the requirement for further modeling analysis.  The averaging 
times noted in this proposed rulemaking were all longer than 1 hour. 
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concentration for monitors with elevated concentrations.  The focus upon high concentrations is 
appropriate because the higher concentration monitors are likely to be associated with impacts 
from local sources, which is most similar to the situation involved in a permit modeling situation.  A 
review of the top few percent of the 1‐hour maximum sites (which have peak hourly concentrations 
exceeding 100 ppb; see Appendix C to these comments) indicates that the median adjustment ratio 
to be applied for a SIL in the form of the maximum concentration is about 1.75 (and exceeds a factor 
of 2 for the highest few values).   If an adjustment ratio suggested by this data review is applied to 
the EPA suggested interim SIL, and a SIL percentage of 5% of the NAAQS is used (to be consistent 
with the CO SIL), the revised SIL is about 9 ppb.  We recommend that EPA adopt a revised interim SIL 
value that appropriately accounts for these factors. 



6. Modeling guidance should explicitly state that in the determination of significant impacts, Tier 1, 
Tier 2 and Tier 3 methods can be used.     



 
While it is reasonably deemed appropriate that any of the guideline modeling methods can be used 
in determining significant impacts, the March 1 Memorandum does not directly address this issue.  
Modeling guidance should explicitly state that in the determination of significant impacts, any 
choice of Tier 1, Tier 2 or Tier 3 methods can be used.    This is consistent with the language in 
Appendix W, Section 10.2.1(c) which states that “if the concentration estimates from screening 
techniques indicate a significant impact or that the PSD increment of NAAQS may be approached or 
exceeded, then a more refined modeling analysis is appropriate and the model user should select a 
model according to recommendations in Sections 4‐8.”  However, note that Appendix W does not 
yet have a discussion as to how to model 1‐hour NO2 concentrations. 



 
Application of Interim SIL to Cumulative Impact Assessment 
 
7. It is appropriate to limit the cumulative impact analysis to only those receptors that have been 



shown to have significant impacts from a proposed new or modified source based on the initial SIL 
analysis. 



 
We support EPA’s determination that it is appropriate and acceptable to limit the cumulative impact 
analysis to only those receptors that have been shown to have significant impacts from a proposed 
new or modified source based on the initial SIL analysis.  Given the more complex analytical 
procedures associated with the form of the new 1‐hour NO2 and SO2 standards, this will ease some 
of the burden for permit applicants and reviewing authorities.  



 
8. Significant contribution analysis is more complicated due to the form of the standard.  While EPA 



has provided a new AERMOD model option that it indicates will help with the analysis, the 
modeling community has not yet been able to test the usefulness of the new option.  EPA never 
sought external peer review or stakeholder comment on these AERMOD changes. 



 
We acknowledge EPA’s efforts to provide new modeling options to model predictions that are 
consistent with the form of the standard.   However, because the latest version of AERMOD was not 
released until April 7 and has been subsequently updated due to code “bugs” still being found, we 
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have not yet been able to test the new AERMOD features and there was no opportunity for  
stakeholders to provide feedback on these changes prior to the AERMOD release.   EPA should 
consider this AERMOD approach as a beta test version subject to public comment and revision, 
similar to its treatment of the AERSCREEN model for which public comment was informally solicited 
in 2010. 
 



9. EPA still has to correct AERMOD’s tendency to overpredict substantially in light wind conditions.  
This problem has been exacerbated by new changes to the meteorological processing for AERMOD 
that have increased the likelihood for light winds.  
 
 EPA is aware of model evaluation research results provided to it by the American Petroleum 
Institute (API) and the Utility Air Regulatory Group (UARG) in the spring of 2010 that clearly showed 
that AERMOD substantially overpredicts compared to actual measured concentrations in light wind 
conditions.  While EPA has not acted upon this information, it has implemented the processing of 1‐
minute Automatic Surface Observing Station (ASOS) data, thus increasing the likelihood of the 
problematic light winds.  We would like to remind EPA that industry has committed considerable 
resources and collaborated with EPA on this study conducted by AECOM, and hope that EPA will 
provide this issue with sufficient attention during 2011.    
 



Applicability of Ambient Monitoring Requirements to Modeling Demonstration 
 
10. We support EPA’s use of averaging over the modeled years to determine compliance with the 



probabilistic NAAQS.  
 
In order to avoid complications in modeling applications, we support EPA’s approach to use an 
average of the design values predicted by models for up to five years of meteorological data to 
provide an unbiased estimate for NAAQS compliance demonstrations.   
 



DETERMINING BACKGROUND CONCENTRATIONS 



Identifying Nearby Sources to Include in Modeled Inventory 
 



11. The stringency of the new standards often requires a more detailed and refined modeling analysis 
than was necessary in the past, and these refinements increase the burden on the applicant to 
adequately demonstrate that the net result of the analysis is protective of the standard. 
 
We agree with EPA’s assessment that the need to conduct more refined analyses has increased the 
burden on permit applicants.   Because many jurisdictions require modeling for minor NSR or other 
types of permits, the increased burden extends far beyond PSD applicants.   However, since EPA also 
states that the stringency of the new NAAQS reduces the margin for error, EPA should improve and 
then facilitate the use of refined modeling techniques (Tier 3 methods).   The March 1 memo has 
removed some impediments for using Tier 3 methods, but this can be improved further as the 
methods themselves are further developed and evaluated to be as close to unbiased as possible.   
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Significant Concentration Gradient Criterion 
 
12. It is appropriate to focus on the area within 10 kilometers of the project location when 



determining which nearby sources to include in a cumulative modeling analysis. 
 



We support EPA’s determination that, in most cases, limiting the inclusion of background sources of 
NO2 and SO2 to a 10‐kilometer radius is sufficient.  We agree that the inclusion of all sources within 
50 kilometers is unnecessarily burdensome, is not likely to significantly alter the peak impact 
prediction, and is likely to produce an overly conservative result. 
 
The use of a smaller modeling domain will tend to avoid problems with AERMOD’s inherent steady‐
state assumptions.  Because AERMOD is a steady‐state model, model predictions that violate 
steady‐state conditions should be, at a minimum, flagged for further review (like calm conditions 
are), if not excluded entirely.  This can easily be tested in AERMOD by determining if the travel time 
between a source and a receptor exceeds the meteorological persistence that resulted in the 
modeled concentration.   



 



COMBINING MODELED RESULTS AND MONITORED BACKGROUND TO DETERMINE 
COMPLIANCE 



13.  Using a monitored background contribution based on the three‐year average of the 98th 
percentile (99th percentile for SO2) daily maximum 1‐ hour values is appropriate if monitoring data 
are not concurrent with meteorological data.   



 
Using the three‐year average of the 98th percentile is appropriate if monitoring data are not 
concurrent with meteorological data.  Monitoring data not only need to be parsed to exclude 
monitored concentrations for the source undergoing permitting, but also for all other sources 
included in the cumulative modeling analysis.  The three‐year average of the 98th percentile should 
be calculated excluding wind directions that affect the monitor with sources included in the 
modeling. 
 



14. EPA has provided a new AERMOD model option that will incorporate temporally‐varying 
background concentrations in the modeling analysis.   The modeling community has not yet been 
able to test the workability of this option.  EPA never sought comment on this change in AERMOD.   
 
The use of the 98th percentile concentration for each season and hour, while better than one peak 
value per year, still provides a substantial overestimate of the regional background value because 
these values are exceeded only 2% of the time.   Accordingly, the use of these values should 
preclude the need to include numerous explicitly modeled sources in the analysis. 
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15. Pairing of modeling results with hourly background results for situations where the meteorological 



and monitoring data are from the same time period should be allowed.   
 
Pairing of modeling results with hourly background results for situations where the meteorological 
and monitoring data are from the same time period should be allowed in most cases, because this is 
the most refined approach that avoids unnecessary conservatism in the modeling.  This procedure 
automatically matches the meteorological conditions responsible for maximum modeled impacts 
with the maximum measured impacts.  EPA has not provided a good explanation as to why this 
refined approach is not acceptable.  As in other approaches discussed above, EPA makes it difficult 
for permit applicants to use the most refined approaches, which are essential to reduce 
overpredictions for these very stringent standards.   
 



TREATMENT OF INTERMITTENT EMISSIONS 



16. It is appropriate that compliance demonstrations for the 1‐hour NO2 and SO2 NAAQS be based only 
on emission scenarios that can logically be assumed to be relatively continuous or which occur 
frequently enough to contribute significantly to the annual distribution of daily maximum 1‐hour 
concentrations.  
 
We support EPA’s recommendation to base compliance demonstrations only on emission scenarios 
that can logically be assumed to be relatively continuous or which occur frequently enough to 
contribute significantly to the annual distribution of daily maximum 1‐hour concentrations.     
 
This estimate of the expected frequency of emissions should be based on the average frequency 
over several years, not the highest frequency that could occur in a worst‐case year, since the NAAQS 
is based upon a multiple‐year average of the predicted design values. 
 
The ability to exclude infrequent emissions scenarios, which for some facilities will include 
startup/shutdown events that may occur only once every four to five years, is very helpful in 
avoiding overly conservative and unrealistic modeling outcomes.  
 



17. It is appropriate to exclude intermittent background sources from a cumulative analysis.  
 
We support EPA’s recommendation to generally exclude intermittent background sources from a 
cumulative analysis, as it is unlikely that such sources would, by their nature, operate at the same 
time as the primary source(s) being modeled.    Emissions information for such sources is also not 
typically available from state inventories due to their intermittent and infrequent operating status.   
 



18. In cases where the frequency of intermittent emissions is uncertain, it is appropriate to model 
impacts based on an average hourly rate rather than the maximum hourly emission.  
 
We support EPA’s suggested approach to address intermittent emissions whose frequency of 
operation may be uncertain.    An approach which considers average hourly rather than the 
maximum emissions rate is a good way to balance the probability of operation in a given hour with 
worst‐case meteorological conditions.  
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19. Intermittent emissions that persist less than an hour should not be evaluated in modeling against 
the 1‐hour NAAQS.   



 
Intermittent emissions that persist less than an hour should not be modeled for compliance with the 
1‐hour NO2 and SO2 NAAQS.  As stated in the final NO2 NAAQS rule (February 9, 2010 Federal 
Register, page 6491), the Integrated Science Assessment concluded that “NO2 exposures of 100 ppb 
for 1‐hour (or 200 ppb to 300 ppb for 30‐min) can result in small but significant increases in 
nonspecific airway responsiveness.”  This means that with averaging times shorter than 1 hour, the 
applicable standard to protect human health would need to be adjusted significantly upward from 
the NO2 NAAQS of 100 ppb, and such an adjustment is beyond the scope of the modeling analysis 
being done by AERMOD, which does not have a sub‐hour capability.  Similarly, the final SO2 NAAQS 
rule (June 22, 2010 Federal Register, page 35520) mentions in several places that a five to ten 
minute exposure of as low as 200 ppb could affect sensitive persons, which also implies a substantial 
adjustment needed for sub‐hourly averaging times from the SO2 NAAQS of 75 ppb for a 1‐hour 
average.  It is also noteworthy that for a puff‐type of release that a sub‐hourly emission case 
represents, a plume model such as AERMOD would overpredict because it does not properly 
consider along‐wind dispersion that is important for these intermittent releases.  Therefore, 
consideration of sub‐hourly intermittent emission scenarios by AERMOD is inappropriate, and 
should not be considered because a) the model is not technically equipped to handle time periods 
less than 1‐hour, and b) the associated upward adjustment in the health standard applicable to a 
shorter averaging time is not accounted for by AERMOD and is beyond the scope of the modeling 
analysis. 
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SUMMARY 



In summary, we note that the March 1 Memorandum has started to address some of our concerns, but 
there are still some critical issues to be resolved.  These issues include: 



• AERMOD still has an inherent NO2 overprediction problem.  This cannot be resolved without 
further research, field studies, and model evaluation.   The overprediction bias is too high for 
AERMOD to be reliably used for routine New Source Review permitting or NAAQS compliance 
analyses. 



• The Default Tier 2 ambient ratio (NO2/NOX) of 0.80 is much too high for peak impacts.  We are 
working on a proposed refinement to the Tier 2 procedure that we hope EPA will adopt quickly.  
This may reduce the need to use the more complex Tier 3 methods. 



• The interim 1‐hour NAAQS SIL is too low and calculated with inconsistent forms of the NAAQS 
and the SIL in terms of concentration rank.   In addition, a 5% ratio of SIL to NAAQS should be 
used, consistent with the use for the 1‐hour CO NAAQS. 



• A default in‐stack NO2/NOX ratio of 0.50 is an outlier, and is not credible for most applications.  
EPA needs to establish a repository of available in‐stack test data for use in modeling 
applications with Tier 3 approaches. 



• The use of paired in time monitored background and modeled concentrations should be 
routinely allowed.  EPA’s current procedures for determining background to be added to 
modeled impacts have inherent overprediction biases. 



• EPA acknowledges that permit applicants are likely to need to use refined modeling methods, 
but makes it difficult to get approval for those methods.   There is also a need for better 
guidance in identifying the hourly NO2 and ozone databases needed for use of the refined 
methods.    



 
The current process that EPA uses to issue model guidance updates precludes public input.  We believe 
that EPA would benefit significantly from the substantial technical and scientific knowledge and 
resources that the public can offer, especially in these times of constrained resources.  We recommend 
that EPA communicate and exchange information and ideas on a routine basis with public workgroups, 
including industry experts, to approach the significant challenges noted above on a more collaborative 
basis.  If we work together, we believe that EPA can improve its modeling procedures more effectively 
and in a more time‐efficient manner at lower cost, and avoid needless time wasted on litigation issues.   
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C.E.M. Solutions operates in conformance with the requirements of ASTM 0 
7036-04: Standard Practice for Competence of Air Emission Testing Bodies 
through the use of a quality system which incorporates a quality manual. internal 
audit system. systematic training of personnel and rigorous review of test 
methods and operating procedures. 
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Statement of Validity 



I hereby certify the information and data provided in this emissions test report for 
tests performed at the Carmeuse Lime and Stone Strasburg, VA facility, 
conducted on December 8, 2011 are complete and accurate to the best of my 
knO'WIEllOaltt.. 
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Project Background 



Name of Source Owner: 



Address of Owner: 



Source Identification: 



Location of Source: 



Type of Operation: 



Tests Performed: 



Test Supervisor (QSTI): 



Test Technicians: 



Date(s) Tests Conducted: 



Site Test Coordinator: 



State Regulatory Observers: 



Carmeuse Lime and Stone 



1696 Oranda Rd. 
Strasburg, VA 22657 



Rotary Kiln: U5 



1696 Oranda Rd. 
Strasburg, VA 22657 



Lime Manufacturing Facility 



Method 1: Traverse Points 
Method 2: Stack Gas Volumetric Flow 
Method 3A: Determination of Oxygen and Carbon Dioxide 
Method 4: Stack Gas Moisture Content 
Method 7E: Determination of Nitrous Oxides 



Mr. Jeremy Johnson 



Mr. Josh Cooper 
Mr. Derek Kopera 



December 8, 2011: Emissions Unit U5 



Mr. Steve Robinson 



No Observers Present 
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4.0 Test Methods 



All testing was performed in accordance with methods approved by the USEPA 
and VDEQ. The following discusses the methods, as well as quality assurance 
and sample handling procedures. 



4.1 Instrument Analyzer Procedures 



NOx reference method (RM) data were determined using instrument analyzer 
procedures. Flow data was used to calculate NOx Ib/hr. The Ib/hr calculated for 
each of the four runs were summed to determine the total Ib/hr emission rate 
from the entire bag house. 



Mathematical equations used to determine calculated emissions standards are 
located in Appendix B. 



Table 3 summarizes the EPA methods and instrumentation: 



Table 3: Summary of EPA Instrument Reference Methods 
Carmeuse Lime and Stone 



Rotary Kiln 



Pollutant EPA Method Instrument Serial Number 
U5,NOx 7E TEl Model 42C 42C-61651-336 



All reference method analyzers used meet or exceed applicable performance 
specifications detailed in the appropriate method. 



NOx emissions from the bag house outlet were tested using a dilution extraction 
probe. Gas samples were continuously extracted from a baghouse array 
manifold by a gas sample probe and diluted at a ratio of approximately 100:1 with 
clean, dry instrument air (dilution air). Samples were then transported to a gas 
analyzer, located in the environmentally controlled test trailer for analysis by the 
reference method analyzers. 



Instrument outputs were recorded continuously with a Windows compatible 
personal computer, compiled into 15 second averages, and stored in a database 
for future reference. 



Instrument ranges and calibration gases were chosen in accordance with each 
pollutant's applicable EPA method. Instrument ranges and calibration gases 
used are shown in Table 4. 
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Table 4: Reference Method Instrument Ranges and Calibration Spans 
Carmeuse Lime and Stone 



Rotary Kiln 



Calibration 
Pollutant Calibration Span Gases· 



0.0 ppm NO 
NOx 213.6 ppm 97.72 ppm NO 



213.6 ppm NO 
a Concentrations of NO are in a balance of purified nitrogen (N2)' All analyzers were zeroed with 
ultra high purity N2. All calibration gases have been certified to NIST traceable standards. 



Calibration gas Certificates of Analysis can be found in Appendix C. 



4.1.1 Quality Assurance/Quality Control Procedures 



All sampling, analytical, and Quality Assurance/Quality Control (QA/QC) 
procedures outlined in the EPA methods were followed. All test equipment was 
calibrated before or during use in the field. Interference checks, response time 
checks, and N02 to NO converter checks were performed on each instrumental 
analyzer, as applicable, before field use. In the field, each analyzer and the 
entire instrument measurement system was checked for system bias before and 
following each test run using the calibration gases listed in Table 4. 



Appendix E contains the QA/QC checks. 



4.2 Determining Stack Gas Volumetric Flow Rate 



Table 5 summarizes the EPA Methods used to determine the Reference Method 
Volumetric Flow. All methods and QA/QC protocols were followed as described 
in the appropriate test methodologies. 



Table 5: Summary of EPA Reference Methods used to determine Stack Gas 
Flow Rate 



Carmeuse Lime and Stone 
Rotary Kiln RA TAs 



EPA Method Description 
1 Sample and Velocity Traverses for Stationary Sources 
2 Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot) 
3 
4 
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Sampling System Bias and Drift 
Test Performed For: 
Carmeuse 
Strasburg 
Kiln 
NOX Compliance 
Date:12/8i11 



Monitor 
Type 



NOx 
NOx 



Reference Gas 
Concentration 



0.0 ppm 



97.7 ppm 



Initial Cal 
Value 



3.4 ppm 



97.0 ppm 



Pre Run 
Bias (%) 



1.59% 



-0.34 % 



Bias and Drift 
Page 1 of 4 



Test Performed By: 
C.E.M. Solutions, Inc. 
1183 E. Overdrive Circle 
Hernando, FL 34442 
Ph: 352-489-4337 
Run 1 



Final Cal 
Value 



2.6 ppm 



94.7 ppm 



Post Run 
Bias (%) 



1.22% 



-1.41 % 



Total Run 
Drift (%) 



-0.37 % 
-1 .08 % 











Sampling System Bias and Drift 
Test Performed For: 
Carmeuse 
Strasburg 
Kiln 
NOX Compliance 
Date:12/8/11 



Monitor 
Type 



NOx 
NOx 



Reference Gas 
Concentration 



0.0 ppm 



97.7 ppm 



Initial Cal 
Value 



3.0 ppm 



97.9 ppm 



Pre Run 
Bias (%) 



1.40 % 



0.08 % 



Bias and Drift 
Page 2 of4 



Test Performed By: 
C.E.M. Solutions, Inc. 
1183 E. Overdrive Circle 
Hernando, FL 34442 
Ph: 352-489-4337 
Run 2 



Final Cal 
Value 



2.7 ppm 



97.9 ppm 



Post Run 
Bias (%) 



1.26% 



0.08 % 



Total Run 
Drift (%) 



-0.14 % 



0.00% 











Sampling System Bias and Drift 
Test Performed For: 
Carmeuse 
Strasburg 
Kiln 
NOX Compliance 
Date:12/8/11 



Monitor Reference Gas 
Type Concentration 



NOx 0.0 ppm 



NOx 97.7 ppm 



Initial Cal Pre Run 
Value Bias (%) 



2.7 ppm 1.26% 



96.4 ppm -0.62 % 



Bias and Drift 
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Test Performed By: 
C.E.M. Solutions, Inc. 
1183 E. Overdrive Circle 
Hernando, FL 34442 
Ph: 352-489-4337 
Run 3 



Final Cal Post Run 
Value Bias (%) 



3.2 ppm 1.50% 



101.6 ppm 1.82% 



Total Run 
Drift (%) 



0.23% 



2.43% 











Sampling System Bias and Drift 
Test Performed For: 
Carmeuse 
Strasburg 
Kiln 
NOX Compliance 
Date: 1218/11 



Monitor Reference Gas 
Type Concentration 



NOx 0.0 ppm 



NOx 97.7 ppm 



Initial Cal Pre Run 
Value Bias (%) 



3.2 ppm 1.50 % 



101.6 ppm 1.82 % 



Bias and Drift 
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Test Performed By: 
C.E.M. Solutions, Inc. 
1183 E. Overdrive Circle 
Hernando, FL 34442 
Ph: 352-489-4337 
Run 4 



Final Cal Post Run 
Value Bias (%) 



3.0 ppm 1.40 % 



100.7 ppm 1.40 % 



Total Run 
Drift (%) 



-0.09 % 



-0.42 % 











C.E.M. Solutions, Inc. 
N02 to NO Converter Efficiency Test 



1. Calibrate the analyzer to a concentration of NO greater than or equal to 50ppm. 
2. Introduce N02 (40-60ppm) into the analyzer. 



3. Record the following data: 



Calibration Gas Value (Cv) = 50.91 



Analyzer Value (Cdi,) = 48.3 



194.9% = 48.3 I 50.91 * 100 1 



Date: 1218/2011 
Technician: J Johnson 



Analyzer SIN: 
N02 Cylinder SIN: 



102744748 
CC76956 



Expiration Date: 8/4/2012 



N02 to NO Converter Efficiency must be greater than or equal to 90% 











C.E.M. Solutions, Inc. 
Analyzer Response Time Test 



Date of test: 12/8/2011 
Plant: 



Unit Number: 
Carmeuse Strasburg 



BH Outlet 
Analyzer type: NOx 
Serial Number: 42C-61651-336 



Up Scale Gas: 
Calibration Span: 



Upscale: 
150 



Downscale: 
135 



System response time: 
Slower average time: 



97.72 
213.6 



Seconds 



Seconds 



150 
150 
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The following table shows the 2007 through 2011 precision, bias, and accuracy data for continuous gaseous samplers. The following table includes spaces for the 
expanded accuracy audit levels implemented by EPA in 2011. 



Table 0-4 Precision, Bias, and Accuracy of Continuous Gaseous Data 



Precision Bias 
Accuraq(%) 



Pollutant Year Audit Level 
(%) (%) Overall 



1 2 3 4 5 6 7 8 9 10 



11 3 ±3 nja -15 3 4 1 1 nja 2 2 nja 2 



10 5 ±4 -16 5 1 0 0 nja nja nja nja nja -2 
Carbon 09 4 ±3 13 -4 7 1 1 nja nja nja nja nja 4 
Dioxide 



08 4 ±3 nja nja 10 5 8 nja nja nja nja nja 8 



07 4 ±3 nja nja 4 2 2 nja nja nja nja nja 3 



11 5 ±3 nja nja nja 3 -1 -4 0 -1 nja nja 2 



10 4 ±3 nja nja -1 - 1 -1 nja nja nja nja nja -1 
Nitrogen 09 4 ±3 nja nja 0 -1 -1 nja nja nja nja nja -1 
Dioxide 



08 4 ±3 nja nja -1 -1 -1 nja nja nja nja nja -1 



07 4 ±3 nja nja -2 -2 -1 nja nja nja nja nja -2 



11 2 ±1 nja nja 0 0 0 1 1 0 nja 0 0 



10 2 ±2 0 0 0 0 0 nja nja nja nja nja 0 



Ozone 09 3 -2 1 0 0 0 0 nja nja nja nja nja 0 



08 2 ±2 2 0 0 0 0 nja nja nja nja nja 0 



07 2 ±1 4 1 1 -1 0 nja nja nja nja nja 1 



11 3 ±2 0 nja 4 nja -1 -1 nja 1 0 nja 1 



10 3 ±2 -6 -10 -2 -1 -1 nja nja nja nja nja -4 
Sulfur 09 3 ±2 0 0 -1 -2 -1 nja nja nja nja nja -1 Dioxide 



08 3 ±2 nja nja 1 1 1 nja- nja nja nja nja 1 



07 4 ±3 nja nja 1 0 1 nja nja nja nja nja 1 



142 











Violation of Standards Report 



2008 to 2012  



 
Criteria 



Site Parameter Interval 



L0310032 NO2_2 001h 



L0310077 O3 001h 



L0310100 O3 001h 



L0310106 O3 001h 



Report Created:02/15/2013 12:07 



Nitrogen Dioxide (42602)    Units: ppb 



Site:L0310032 - Kooker Park, Jacksonville     County:Duval     AQS Monitor ID:12-031-0032-42602-2 



Year 



Ranked 1-Hour Averages 98th Percentile Values Annual 
Average 



Design 
Value 1



st
 2



nd
 Complete Days Valid 



2008 102 (12/16:14) 52 (11/20:18) 42 42 9.4 
 



2009 54 (02/06:08) 46 (02/06:09) 38 38 8.2 
 



2010 59 (01/11:19) 58 (01/11:18) 43 44 9.3 41 



2011 44 (02/14:06) 44 (02/18:19) 39 38 8.4 40 



2012 43 (01/05:19) 42 (01/05:18) 37 37 8.1 40 



The primary and secondary ambient air quality standards for NO2 are 53 ppb, an annual arithmetic mean concentration. The standards are attained 
when the annual arithmetic mean concentration in a calendar year is less than or equal to 53 ppb. 
 
The 1-hour NAAQS standard for NO2 is met when the design value (3-year average of the 98th percentile annual daily max) is less than or equal to 
100 ppb. 



Ozone (44201)    Units: ppm 



Site:L0310077 - Sheffield Elementary     County:Duval     AQS Monitor ID:12-031-0077-44201-1 



Year 
Required 



Monitoring Days 
Valid Days 
Measured 



Ranked Daily Maximum 8-Hour Averages Days with Max 
Over 0.075ppm Design Value 1



st
 2



nd
 3



rd
 4



th
 



2008 366 329 (90%) .075 (06/20) .072 (09/28) .072 (04/30) .071 (04/17) 0 
 



2009 365 351 (96%) .074 (06/26) .073 (06/11) .067 (04/24) .065 (06/10) 0 
 



2010 365 348 (95%) .074 (04/01) .072 (04/22) .070 (04/02) .068 (04/23) 0 0.068 



2011 365 355 (97%) .071 (05/07) .068 (09/13) .068 (05/10) .067 (06/14) 0 0.066 



2012 366 354 (97%) .063 (04/10) .062 (04/08) .061 (05/11) .059 (06/28) 0 0.064 



Site:L0310100 - Mayo Clinic     County:Duval     AQS Monitor ID:12-031-0100-44201-1 



Year 
Required 



Monitoring Days 
Valid Days 
Measured 



Ranked Daily Maximum 8-Hour Averages Days with Max 
Over 0.075ppm Design Value 1



st
 2



nd
 3



rd
 4



th
 



2008 366 351 (96%) .069 (04/17) .069 (04/30) .066 (03/13) .064 (09/28) 0 
 



2009 365 354 (97%) .081 (06/11) .075 (06/10) .066 (04/23) .064 (07/04) 1 
 



2010 365 340 (93%) .075 (04/22) .073 (04/01) .069 (07/08) .068 (06/11) 0 0.065 



2011 365 353 (97%) .081 (08/12) .075 (06/14) .073 (05/07) .071 (06/15) 1 0.067 



2012 366 352 (96%) .065 (06/28) .061 (04/09) .056 (06/03) .056 (04/10) 0 0.065 



Site:L0310106 - Cisco Drive     County:Duval     AQS Monitor ID:12-031-0106-44201-1 



Year 
Required 



Monitoring Days 
Valid Days 
Measured 



Ranked Daily Maximum 8-Hour Averages Days with Max 
Over 0.075ppm Design Value 1



st
 2



nd
 3



rd
 4



th
 



2008 366 0 (0%) 
        



0 
 



2009 365 82 (22%) .052 (10/02) .048 (10/01) .046 (10/04) .046 (10/03) 0 
 



2010 365 337 (92%) .084 (04/01) .075 (05/20) .073 (04/02) .066 (04/29) 1 
 



2011 365 346 (95%) .075 (05/07) .073 (08/03) .073 (04/18) .068 (04/14) 0 0.060* 



2012 366 353 (96%) .068 (05/11) .062 (04/10) .060 (04/08) .059 (06/18) 0 0.064 



* There was insufficient data to produce a valid average. 



The 8-hour primary and secondary ozone ambient air quality standards are met at an ambient air quality monitoring site when the design value (3-year 
average of the annual fourth-highest daily maximum 8-hour average ozone concentration) is less than or equal to 0.075 ppm 



















From: John Shrock
To: "Krivo.Stanley@epa.gov"
Cc: Read, David; Linero, Alvaro; "Jackie.Padgett@carmeusena.com"; "wharrisco@aol.com"; "tdavis@ectinc.com";


"mtrammell@ectinc.com"
Subject: Jacksonville Lime Tier 3 Modeling Protocol
Date: Thursday, August 08, 2013 4:19:20 PM
Attachments: Carmeuse Lime NO Emissions Test Report.pdf


Peischl 2010 topdown power plant emissions TEXAQS.pdf
Offsite NOx Source Tables.pdf


Stan:
 
Following is some information addressing some of your questions on the Tier 3 modeling procedures
that were raised during our teleconference on July 17, 2013. This information should make it easier
to assess our proposed methodology for performing the 1-hour NAAQS demonstration using the
OLM Tier 3 method.
 
Ozone Background
The hourly ozone values we are proposing to use in the Tier 3 modeling were measured at the
Sheffield Elementary School monitor (ID 120310077). The distribution of missing values for the five
year period are as follows:
 


Period Total Number of Missing Values
All Years 2,379


2006 393
2007 744
2008 605
2009 312
2010 325


 
 
The distribution of consecutive missing values are as shown below:
 
 


Number of Missing Values
in Period


Periods with this Number
of Missing Values


Total Number of Missing
Values


 
1 44 44
2 208 416
3 221 663
4 34 136
5 36 180
6 11 66
7 5 35
8 11 88
9 8 72


10 6 60



mailto:jshrock@ectinc.com

mailto:Krivo.Stanley@epa.gov

mailto:David.Read@dep.state.fl.us

mailto:Alvaro.Linero@dep.state.fl.us
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A top‐down analysis of emissions from selected Texas power plants
during TexAQS 2000 and 2006



J. Peischl,1,2 T. B. Ryerson,2 J. S. Holloway,1,2 D. D. Parrish,2 M. Trainer,2 G. J. Frost,1,2



K. C. Aikin,1,2 S. S. Brown,2 W. P. Dubé,1,2 H. Stark,1,2 and F. C. Fehsenfeld1,2



Received 12 November 2009; revised 8 March 2010; accepted 5 April 2010; published 19 August 2010.



[1] Airborne measurements were taken downwind of eleven Texas power generation
facilities in 2000 and 2006 as part of the two Texas Air Quality Study (TexAQS)
campaigns. From these measurements, we determine emission ratios of NOx (= NO +
NO2), SO2, and CO to coemitted CO2 for each facility. These measurements provide an
independent external assessment of reported emission ratios from continuous emission
monitoring systems (CEMS). During the TexAQS study years, we find the SO2/CO2 and
NOx/CO2 emission ratios derived from measurements aboard the aircraft agree
quantitatively with inventory values from CEMS, with standard deviations of less than
±14%. We document significant decreases in atmospheric mixing ratios of NOx as a result
of emission reductions due to controls implemented at the W. A. Parish plant after
TexAQS 2000. For several of the facilities, CO emissions appear relatively constant in
time. Derived CO/CO2 emission ratios agree substantially better with Texas Commission
on Environmental Quality inventories in 2006 than in 2000, which we attribute to better
inventory data from three facilities that installed CO CEMS between the two study
years and not because of any significant change in CO emissions. Other plants appear to have
varying CO emissions over time, complicating comparison to annual inventory values.
Finally, we use two independent NO2 measurements, along with measurements of O3, NO3,
and N2O5, to quantify the fraction of NOx directly emitted as NO2 from the Oklaunion Power
Plant, providing the first quantitative estimate of NO2 emissions from a power
generation facility using ambient data.



Citation: Peischl, J., et al. (2010), A top‐down analysis of emissions from selected Texas power plants during TexAQS 2000
and 2006, J. Geophys. Res., 115, D16303, doi:10.1029/2009JD013527.



1. Introduction



[2] Electric generation utility (EGU) power plants in the
United States are required to report hourly averaged emis-
sions of nitrogen oxides (NOx = NO + NO2), sulfur dioxide
(SO2), and carbon dioxide (CO2) as described in Title 42 of
the U. S. Code section 7651k. These data are provided by
continuous emission monitoring systems (CEMS), which
determine mixing ratios of NOx, SO2, and CO2 in the stack
exhaust, installed at each plant. Combined with measured
stack flow rates, an hourly emission flux is calculated,
subjected to quality control procedures, and reported to the
U. S. Environmental Protection Agency (EPA) every quarter.
These data are subsequently posted to the EPA Web site
(http://camddataandmaps.epa.gov/gdm/index.cfm). Accuracy
is assessed by independent sampling of stack gases and flow



rate, typically performed periodically by a variety of con-
tractors on a plant‐by‐plant basis. CEMS systems are in
compliance with the U. S. Code of Federal Regulations
(C.F.R.) if independent tests agree within ±10% for NOx, SO2,
and CO2 concentrations with no low bias and within ±10% for
stack flow [40 C.F.R. § 75]. Assuming random errors are
normally distributed, mass emission rates from EGUs
equipped with CEMS should be accurate to better than ±14%
(after summing the concentration and flow uncertainties in
quadrature) and enhancement ratios (e.g., NOx/CO2) should
also be accurate to better than ±14%, assuming the stack flow
rate uncertainties are the same for each trace gas measurement.
Further, the state of Texas, through the Texas Commission on
Environmental Quality (TCEQ), requires EGUs in the state to
report annual emissions of NOx, SO2, and carbon monoxide
(CO), among others. The annual NOx and SO2 emissions
reported to TCEQ typically differ by less than 1% of the
emissions reported to the EPA.
[3] The CEMS data are used to track regulatory perfor-



mance of emission control measures, to calculate daily and
annual emissions from EGU power plants, and as inputs to
regulatory models. Assessment of CEMS mass emission
rates and enhancement ratios using ambient measurements



1Cooperative Institute for Research in Environmental Sciences,
University of Colorado, Boulder, Colorado, USA.



2Chemical Sciences Division, Earth System Research Laboratory,
National Oceanic and Atmospheric Administration, Boulder, Colorado,
USA.



Copyright 2010 by the American Geophysical Union.
0148‐0227/10/2009JD013527



JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, D16303, doi:10.1029/2009JD013527, 2010



D16303 1 of 15





http://dx.doi.org/10.1029/2009JD013527








[Frost et al., 2006; Kim et al., 2006; Ryerson et al., 1998;
Trainer et al., 1995] provides a valuable additional inde-
pendent evaluation of emissions tabulations from a signifi-
cant anthropogenic emission source sector.
[4] To provide external assessment of CEMS perfor-



mance, we report enhancement ratios in near‐field transects
of EGU power plant plumes measured from instrumented
research aircraft downwind of several power plants during
the two Texas Air Quality studies (TexAQS 2000 and 2006).
We compare measured ratios to those calculated from the
CEMS data inventory from these plants to evaluate CEMS
accuracy for ratios of NOx and SO2 to coemitted CO2, as well
as for TCEQ inventories of CO. Further, we compare mea-
surements from the W. A. Parish plant over the two study
years to assess the effectiveness of mandated NOx emission
reductions and to evaluate the changes in atmospheric
mixing ratios resulting from emission control measures.



2. Instrumentation



2.1. Nitrogen Oxides, O3, SO2, CO, Actinic Flux, and
Wind Speed



[5] NO was measured by NO/O3 chemiluminescence
(CL). NO2 was measured by photolytic conversion to NO
and subsequent detection of NO by chemiluminescence
(P‐CL), with ambient NO2 calculated from the calibrated
difference between these two NO measurements. NOy



(total reactive oxidized nitrogen) was measured by NO/O3



chemiluminescence after catalytic conversion to NO on a
300°C Au surface in the presence of 1.5% CO. Imprecision
of the 1 Hz NO, NO2, and NOy data is determined by
counting statistics and ranged from ±0.015 to ±0.4 parts per
billion by volume (ppbv) for the plumes examined here (all
uncertainties given herein are 1s); inaccuracy is estimated to
be ±5% for NO measurements, ±9% for NO2 measurements,
and ±10% for NOy measurements taken in 2000 and ±12%
for 2006 [Ryerson et al., 1999; Ryerson et al., 2000]. In
2006, an independent measurement of NO2 was made by
cavity ring‐down absorption spectroscopy (CaRDS) [Osthoff
et al., 2006]. Imprecision of the 1 Hz CaRDS NO2 data is
±0.1 ppbv; inaccuracy is estimated to be ±5%. Also mea-
sured with the CaRDS instrument were NO3 and N2O5



[Dubé et al., 2006]. Imprecision of the 1 Hz NO3 data is ±1.5
parts per trillion by volume (pptv); inaccuracy is estimated to
be ±20%. Imprecision of the 1 Hz N2O5 data is ±1 pptv;
inaccuracy is estimated to be ±20%. O3 was measured by
NO/O3 chemiluminescence [Ryerson et al., 1998]. Impreci-
sion of the 2006 1 Hz O3 data is ±0.050 ppbv; inaccuracy is
estimated to be ±3%. SO2 was measured by pulsed UV
fluorescence using a modified Thermo Environmental
Instruments, Inc., model 43S [Ryerson et al., 1998]. Impre-
cision of the 1 Hz SO2 data is ±0.3 ppbv; inaccuracy is
estimated to be ±12% for 2000 and ±10% for 2006. CO was
measured by vacuum UV resonance fluorescence [Holloway
et al., 2000]. Imprecision of the 1 Hz CO data is ±1 ppbv;
inaccuracy is estimated to be ±5% for both 2000 and 2006.
Spectral solar actinic flux was measured by a spectro-
radiometer. Inaccuracy of j(NO2) derived from these mea-
surements is estimated to be ±15% [Stark et al., 2007]. The
uncertainty of the wind speed measurements derived from
various sensors aboard the aircraft is estimated to be ±1 m/s
for both 2000 and 2006.



2.2. CO2 Instrument Description and Operation



[6] For TexAQS 2000, CO2 was measured by a pressure‐
controlled nondispersive infrared absorption (NDIR)
instrument based on a LI‐COR model 6262 analyzer [Nicks
et al., 2003]. Imprecision of the 1 Hz CO2 data is stated as
±0.08 parts per million by volume dry air mole fraction
(ppmv) at 370 ppmv, and inaccuracy is estimated to be ±3%
of the absolute difference in mixing ratio from 370 ppmv.
[7] In 2005, an improved NDIR instrument, modeled



closely on the National Aeronautics and Space Adminis-
tration (NASA) ER‐2 flight instrument developed at Har-
vard [Daube et al., 2002], was developed, tested, and fielded
to make highly accurate, in situ measurements of CO2 from
the National Oceanic and Atmospheric Administration
(NOAA) WP‐3D Orion (P‐3) aircraft; its first description is
provided here. The NOAA CO2 instrument was constructed
using the optical bench from a LI‐COR 6262 carbon dioxide
and water vapor analyzer; a schematic of the instrument is
shown in Figure 1. The LI‐COR 6262 optical bench uses
two absorption cells, a sample cell and a reference cell, and
outputs a CO2 signal as the difference in absorption between
the two cells. A reference gas (∼380 ppmv) is continuously
flowed through the reference cell during flight. Atmospheric
air is sampled continuously aboard the NOAA P‐3 through a
rearward‐facing, 0.95 cm (3/8″) OD stainless steel inlet. The
inlet flow is dried to a dew point temperature of −78°C after
passage through a 50‐strand Nafion dryer (Perma Pure, p/n
PD‐50T‐24MPS) and a dry ice trap. The sample flow next
passes through a 10 mm stainless steel disc frit (Upchurch
Scientific, p/n C‐413) filter and a pressure controller (MKS
model 640A) set to approximately 33.33 kPa and held to
within ±0.0093 kPa during flight (250 ± 0.07 torr) before
entering the sample absorption cell of the optical bench.
Downstream of the optical bench, inlet flow is restricted to
∼400 standard cubic centimeters per minute (sccm) by a
350 mm critical orifice. Pressure downstream of the orifice
ranges from 80 to 100 torr, depending on altitude. A dif-
ferential pressure transducer (MKS model 223B) measures
the difference in pressure between the sample and reference
cells of the optical bench; the output signal controls a valve
upstream of the reference cell such that the differential
pressure between the two cells is ∼0 torr and held to within
±0.02 torr during flight. A 100 mm critical orifice is used to
restrict the reference flow to ∼40 sccm. After passage
through the instrument, the dried sample flow is used as the
sheath flow for the Nafion dryer. The optical bench, pressure
controllers, and critical orifices are mounted on wire rope
isolators in order to reduce the effects of airframe vibration
and in‐flight turbulence on vibration‐sensitive components.
The temperature of the absorption cells is controlled to
∼38°C by a ThermOptics heater mounted directly to the
optical bench. Finally, the optics, power, and flow control
components are contained within a temperature‐regulated
enclosure to further minimize the dependence of the NDIR
CO2 measurement on cabin temperature variations.
[8] Immediately inside the aircraft fuselage, three calibra-



tion gas standards were regularly delivered to the inlet line in‐
flight to evaluate instrument zero (determined by introducing
a ∼380 ppmv reference standard into both absorption cells
simultaneously) and instrument gain (evaluated from ∼345 to
∼480 ppmv, and including the ∼380 ppmv reference gas as a
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known standard). While the exact standard tank values varied
over the course of a field project, each was known to within
±0.08 ppmv. The calibration gases were added at a rate suf-
ficient to replace the ambient sample and overflow the inlet.
No change in water vapor between sampling ambient air and
sampling the compressed standards was detected, suggesting
essentially complete drying of ambient air. Quadratic fits of
instrument responses to these calibration standards in‐flight
were reproducible to within ±0.08 ppmv for the full calibra-
tion range over the course of the 6 week project. Flight CO2



standard tanks were filled from tertiary standards and cali-
brated before and after flight against secondary standards on
the ground. All secondary standards were calibrated against
a set of five primary CO2‐in‐air standards, spanning 346–
496 ppmv, purchased from the Global Monitoring Division
(GMD) of NOAA’s Earth System Research Laboratory
(ESRL) in Boulder, Colorado. After the TexAQS 2006
campaign, two additional GMD primary gas standards of
550.26 (±0.07) and 642.87 (±0.07) ppmv were used to
evaluate measurement accuracy at mixing ratios higher than
the in‐flight calibration range, and this additional term is
included in the uncertainty calculations described below.
[9] Following Daube et al. [2002], we examine two



separate methods of evaluating CO2 uncertainty. First, the
total uncertainty for each 1 s CO2 datum between 345 and
480 ppmv was calculated by summing in quadrature the
known sources of uncertainty, listed below with the general
range of error attributed to each: instrument gain, including
standard tank uncertainties (±0.07 to ±0.20 ppmv); absolute
value of the reference tank mixing ratio value (±0.02 ppmv);
1 s imprecision during smooth, level flight (±0.05 ppmv);
and dependence on aircraft acceleration, attributed to dis-
placement of the lamp filament in the optical bench during
turbulence and aircraft acceleration (averaging ±0.03 ppmv
in level flight in the daytime boundary layer and increasing
to ±0.20–0.40 ppmv during tight turns and light to moderate
turbulence). Estimated uncertainties in ambient data above
the in‐flight calibration range (above 480 ppmv) depend



additionally on the mixing ratio, increasing linearly from
0.1 ppmv at 480 ppmv and reaching 0.75 ppmv at 643 ppmv.
This first method of uncertainty assessment resulted in an
average uncertainty of ±0.11 ppmv for ambient CO2 in the
TexAQS 2006 data set.
[10] Second, an additional gas standard tank, known as



the “target” (or “long‐term surveillance” in Daube et al.
[2002]), was regularly introduced at the inlet in‐flight but
not used in determining instrument zero or gain parameters.
The flight target tank value was calibrated according to the
procedure for the flight calibration tanks described previ-
ously, and its mixing ratio of ∼400 ppmv was selected to
approximate median ambient CO2 values in the Houston
summertime boundary layer. The introduction of the target
standard was well separated in time from the instrument zero
and gain calibrations and done during all types of flight
conditions (smooth, level flight; aircraft banks; turbulence;
high and low altitudes; etc.). The target was treated as an
unknown in the data reduction, and its mixing ratio was
retrieved to evaluate long‐term instrument imprecision and
inaccuracy. Over the course of the TexAQS 2006 campaign,
all in‐flight 1 s target data averaged 0.02 (±0.11) ppmv
higher than the “known” tank mixing ratio, demonstrating
essentially zero bias (and within the uncertainty of the
“known” target mixing ratio) and a total uncertainty in
quantifying ambient CO2 of ±0.11 ppmv. During the 2008
Aerosol, Radiation, and Cloud Processes Affecting Arctic
Climate (ARCPAC) campaign, all in‐flight 1 s target data
averaged 0.00 (±0.11) ppmv relative to the “known” value.
Therefore, this second method of uncertainty assessment is
in quantitative agreement with the uncertainty derived from
the first method above.



2.3. External Evaluation of Flight CO2 Instrument
Performance



[11] Additional independent performance tests of the new
P‐3 flight CO2 instrument were provided by blind com-
parisons against whole‐air samples taken aboard the P‐3



Figure 1. Plumbing diagram of P‐3 CO2 instrument in 2008. MFC: MKS 1179 mass flow controller;
PC: MKS 640A pressure controller; dP: MKS 229B differential pressure transducer; P: MKS 750B pres-
sure transducer. The pressure controller upstream of the reference cell is an MKS 640A‐28156, a custom‐
made pressure controller without an internal pressure transducer.
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aircraft [Conway et al., 1994; Thoning et al., 1995], during
wingtip comparisons with an NDIR CO2 instrument aboard
the NASA DC‐8 instrumented research aircraft [Vay et al.,
2003], and during close approaches to instrumented tall
towers. The results of these comparisons are summarized in
Table 1 and described in more detail below.
[12] During the ARCPAC campaign in March and April



2008, whole‐air samples were taken aboard the P‐3 and later
analyzed with minor modifications to the method described
in the work of Thoning et al. [1995] by NOAA GMD. A
linear orthogonal distance regression (ODR) fit forced
through zero resulted in a slope of 1.0004 and a standard
deviation of the residuals of ±0.14 ppmv. Further, and in
conjunction with NASA’s Arctic Research of the Compo-
sition of the Troposphere From Aircraft and Satellites
(ARCTAS), the NOAA P‐3 flew a “wingtip‐to‐wingtip”
comparison with the NASA DC‐8, instrumented with its



own NDIR CO2 instrument (see Figure 2). Figure 2a shows
a comparison of preliminary field data during a vertical
profile. We use the preliminary data to show instrument
performance assessed using a blind data exchange; the final
data comparison does not differ significantly but does not
afford a blind comparison. The average difference of the two
1 s data sets during the vertical profile (n = 1084) in a blind
data exchange is −0.001 (±0.187) ppmv. Figure 2b shows a
scatterplot for all preliminary field 1 s data (n = 2901),
excluding a noncoincident pollution plume; the slope of the
1 s data with the ODR fit forced through zero was 1.000
(±0.000) with a standard deviation of the orthogonal re-
siduals of ±0.125 ppmv. Finally, the P‐3 flew close‐
approach spirals around the KWKT television tower near
Moody, Texas, during TexAQS 2006 and the Boulder
Atmospheric Observatory (BAO) in Erie, Colorado, during
ARCPAC 2008. These towers are instrumented by NOAA



Table 1. Summary of Comparisons Between the P‐3 CO2 Instrument and Other CO2 Measurements



Event Date Instruments CO2 (ppmv) Average Distance (km)



KWKT spiral 13 Sep 2006 P‐3 378.32 (±0.15)a 3.6 (±0.4)
tall tower 378.30b (±0.09)



KWKT spiral 25 Sep 2006 P‐3 377.47 (±0.22)a 2.8 (±0.7)
tall tower 377.50b (±0.08)



BAO spiral 1 Apr 2008 P‐3 393.92 (±0.25)a 3.6 (±1.8)
tall tower 393.93b (±0.11)



Slope



ARCPAC project 29 Mar to 23 Apr 2008 P‐3 versus P‐3 flask (n = 89) 1.0004 (±0.0001) residual 1s = ±0.11 ppmv same aircraft
Wingtip comparison 11 Apr 2008 P‐3 versus NASA DC‐8 1.000 (±0.000)c residual 1s = ±0.16 ppmv 0.25 (±0.10)



aAtmospheric variability of the measurement, not including instrument uncertainties. The uncertainty in the P‐3 CO2 measurements during spirals is
approximately ±0.20 ppmv.



bTall tower data from the highest inlet (457 m AGL at KWKT, 300 m AGL at BAO).
cBlind comparison of preliminary field data. Data timing was matched for three different altitudes due to ambient pressure effects on flow rate.



Figure 2. NOAA P‐3 CO2 comparison with NASA DC‐8 during 12 April 2008 flight using 1 Hz pre-
liminary field data with a blind data exchange. (a) Vertical profile during en route descent. The blue trace
is CO2 data from the NOAA P‐3; the red trace is CO2 data from the NASA DC‐8. (b) Scatter plot of all
preliminary field data excluding noncoincident pollution plume (not shown). The red trace is the ODR fit
to the data. The blue trace is a 1:1 line. The residuals represent the orthogonal distance from the points to
the linear fit.
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GMD as part of their tall tower network for carbon tracking
[Andrews et al., 2009]. They report 30 s averages (beginning
4.5 min after switching to a new inlet height) from three
sampling heights. The highest sampling height at KWKT is
457 m aboveground level (AGL), while the highest sam-
pling height at BAO is 300 m AGL. An 8 min travel time
through the tower tubing is approximated using measured
flow rates and subtracted from the reported time for KWKT
measurements, and similarly a 5 min travel time is
approximated and subtracted from the reported time for
BAO measurements. The P‐3 spirals occurred within 5 min
of the estimated sampling times at KWKT and within
10 min of the BAO sampling time. Only data from the



highest sampling heights were used in the comparisons due
to the slight spatial variability in boundary layer CO2



mixing ratios, including possible CO2 uptake near ground‐
level vegetation and because the P‐3 was always closest in
altitude to these inlets. During the P‐3’s spiral descent
around a tower, an average CO2 mixing ratio was calcu-
lated for the well‐mixed boundary layer from the aircraft
data. In Table 1, only the atmospheric variability is given for
these data. The uncertainty in the 1 s P‐3 CO2 measurements
during spirals is approximately ±0.15 to ±0.20 ppmv. For all
three tower spirals, the CO2 comparisons agreed within the
combined uncertainties.
[13] Instrument performance assessed by the above blind



evaluations suggest the resulting P‐3 flight CO2 data are
directly traceable to the World Meteorological Organization
scale [Zhao and Tans, 2006], with sufficiently small and
quantified uncertainties to provide reference data from
which to determine emissions ratios downwind of EGU
power plants as described below.



3. Experiment



[14] As part of TexAQS 2000 and 2006, NOAA‐
instrumented aircraft flew downwind of several Texas power
plants, including W. A. Parish, Big Brown, Knox Lee,
Lake Creek (TXU/Luminant), Limestone, Martin Lake,
Monticello, Oklaunion, Tradinghouse, Twin Oaks, and
Welsh power generation facilities (Figure 3).We analyze data
from near‐field plume transects downwind of EGU point
sources (Figure 4). We determine that the plumes are attrib-
utable to specific point sources by measuring the background
trace gas levels upwind of the sources and noting the
prevailing wind direction downwind of the sources
[Ryerson et al., 2003; White et al., 1976]. We then plot the
enhancements of a species of interest against CO2 for each



Figure 3. Map of Texas showing EGU power plants exam-
ined during TexAQS 2000 and 2006.



Figure 4. An example of 1 s measurements during a P‐3 transect 7.5 km downwind of Monticello Power
Plant, 16 September 2006. The P‐3 crossed the ∼4 km wide plume in approximately 40 s. The data
between the dotted lines are plotted in Figure 5.
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plume, adjust the measurements in time (by 1 or 2 s to
accommodate instrument sampling time differences) such
that the highest R2 is achieved, and calculate bivariate, linear
least squares (ODR) regression fits to the data, weighted by
each instrument’s imprecision (Figure 5). The slope of the
fitted line represents the emission ratio of the trace gas of
interest to CO2 from a given point source [Ryerson et al.,
1998]. The total uncertainty in the emission ratio derived



from ambient measurements is determined by adding in
quadrature the uncertainty in the fitted slope to the calibration
uncertainties of the relevant trace gas measurements.
[15] Using the average wind speed during a plume tran-



sect and the distance from the plume center to the point
source, we estimate the time that the sampled air mass was
emitted. We compare the emission ratios calculated from
airborne measurements to those calculated from the hourly
CEMS data (Figure 6) and present our results here (Tables 2
and 3). Generally, the downwind transects were flown at
times when plant operating outputs were relatively stable.
Thus, the CEMS emission ratios tend to remain fairly con-
stant for 1 or 2 h before and after the estimated time of
emission. When the CEMS emission ratio did change sub-
stantially (i.e., by more than 25% in 1 h) within an hour of
the estimated time of emission, in no case did the change
result in better agreement with the emission ratio measured
aboard the aircraft (e.g., see Figure 6). This observation
suggests that the errors in estimating the time of emission
did not play a significant role in our analysis.
[16] We selected data from near‐field transects (2–40 km



downwind of point sources, corresponding to transport
times of 4–120 min), thereby minimizing differential losses
of the directly emitted species. To this end, we further
selected plume transects such that NOx enhancements
accounted for more than 90% of the NOy enhancement in
the plume. A 1s confidence interval of, e.g., 10–20%, is
written as 15% (±5%) herein. For the transects studied here,
NOx averages 100% (±6%) of the NOy enhancements in
these plumes, which is within the combined uncertainties of
the measurements, suggesting that oxidation and subsequent
losses were minimal. NOy measured from the aircraft and
NOx emitted by point sources are thus used interchangeably
throughout this paper. We further assume dilution affects all
trace gas species equally, so emission ratios are preserved
during the short transport times prior to sampling by the



Figure 5. Enhancements in NOy, SO2, and CO plotted
against the enhancement in CO2 for Monticello plume (data
between dotted lines, Figure 4). Bivariate fits weighted by
instrument imprecisions yield the following emission ratios,
with uncertainties determined from fit and measurement
uncertainties: DNOy/DCO2 = 0.81 (±0.10) ppbv/ppmv;
DSO2/DCO2 = 2.81 (±0.28) ppbv/ppmv; DCO/DCO2 =
5.44 (±0.27) ppbv/ppmv.



Figure 6. A sample of CEMS‐derived NOx/CO2 emission ratios with ratios from three P‐3 transects
overlaid. CEMS emission ratios for each hour are in black, with error bars (±14%) in gray. Aircraft‐
derived emission ratios are red dots, with (1s) error bars.
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aircraft. We interpret the measured plume enhancement
ratios (e.g., DNOy/DCO2) as a direct measure of emission
ratios from EGU power plants (e.g., NOx/CO2) [Ryerson et
al., 1998]. Moreover, we assume emissions from different
stacks at a power plant to be mixed together downwind of
the plant, such that the measured enhancement ratios rep-



resent those of the plant as a whole. This assumption, and its
exceptions, is discussed in more detail below.
[17] For the 2000 data, we account for the slower time



response of the SO2 instrument by calculating enhancement
ratios from integrated plume areas rather than slopes
(Figure 7). This method made no statistically significant



Table 3. Aircraft‐Derived and Inventory‐Tabulated Emission Ratios From TexAQS 2006



Emission Ratios,a TexAQS 2006



Date EGU



SO2/CO2 NOx/CO2 CO/CO2



Aircraft CEMS Aircraft CEMS Aircraft Inventoryb



13 Sep W. A. Parish 1.61 (±0.16) 1.69 0.19 (±0.02) 0.20 0.37 (±0.02) 0.27
19 Sep W. A. Parish 2.28 (±0.23) 2.19 0.28 (±0.03) 0.23 0.41 (±0.03) 0.31
20 Sep W. A. Parish 2.06 (±0.21) 2.31 ‐ 0.21 0.08 (±0.02) 0.28
20 Sep W. A. Parish 2.15 (±0.21) 2.31 ‐ 0.21 0.45 (±0.03) 0.28
20 Sep W. A. Parish 1.79 (±0.18) 2.20 0.22 (±0.03) 0.20 0.21 (±0.02) 0.27
21 Sep W. A. Parish 1.75 (±0.18) 2.05 0.23 (±0.03) 0.21 0.15 (±0.02) 0.28
25 Sep W. A. Parish 1.96 (±0.20) 1.97 ‐ 0.22 0.14 (±0.03) 0.29
26 Sep W. A. Parish 2.23 (±0.22) 2.16 0.35 (±0.04) 0.32 0.08 (±0.01) 0.43
27 Sep W. A. Parish 2.01 (±0.20) 1.83 0.23 (±0.03) 0.24 0.20 (±0.02) 0.32
6 Oct W. A. Parish 2.19 (±0.22) 1.90 0.27 (±0.03) 0.24 ‐ 0.32
6 Oct W. A. Parish 2.31 (±0.23) 1.78 0.26 (±0.03) 0.29 0 0.39
8 Oct W. A. Parish 1.85 (±0.19) 1.56 0.23 (±0.03) 0.25 0.30 (±0.02) 0.33
11 Oct W. A. Parish 1.97 (±0.20) 1.86 0.23 (±0.03) 0.23 0.46 (±0.02) 0.31
11 Oct W. A. Parish 1.93 (±0.19) 1.82 0.21 (±0.03) 0.25 0.64 (±0.03) 0.33
25 Sep Big Brown 7.78 (±0.78) 7.07 ‐ 0.54 6.81 (±0.36) 5.02
16 Sep Knox Lee 0 0 1.93 (±0.23) 1.69 0 0.14
16 Sep Martin Lake 2.98 (±0.30) 2.80 0.77 (±0.09) 0.76 6.05 (±0.30) 6.63
16 Sep Monticello 2.81 (±0.28) 2.78 0.81 (±0.10) 0.77 5.44 (±0.27) 6.01
10 Oct Oklaunion 0.45 (±0.04) 0.51 2.53 (±0.30) 2.08 0 0.11
10 Oct Oklaunion 0.52 (±0.05) 0.49 2.19 (±0.26) 2.16 0 0.12
10 Oct Oklaunion 0.49 (±0.05) 0.49 2.19 (±0.26) 2.16 0 0.12
10 Oct Oklaunion 0.48 (±0.05) 0.53 2.32 (±0.28) 2.00 0 0.11
10 Oct Oklaunion 0.46 (±0.05) 0.53 2.24 (±0.27) 2.00 0 0.11
25 Sep Twin Oaks 1.27 (±0.16) 1.45 ‐ 0.67 0 0.34
16 Sep Welsh 1.50 (±0.15) 1.65 1.19 (±0.14) 1.04 1.68 (±0.11) 0.92



aAll ratios given in units of ppbv/ppmv and rounded to two decimal places. A hyphen (‐) indicates missing aircraft data. A zero (0) indicates an emission
statistically equal to zero using our analysis.



bEstimates of inventory values are annual TCEQ CO/NOx ratios multiplied by hourly CEMS NOx/CO2 ratios.



Table 2. Aircraft‐Derived and Inventory‐Tabulated Emission Ratios From TexAQS 2000



Emission Ratios,a TexAQS 2000



Date EGU



SO2/CO2 NOx/CO2 CO/CO2



Aircraft CEMS Aircraft CEMS Aircraft Inventoryb



27 Aug W. A. Parish ‐ 1.88 0.88 (±0.09) 1.07 5.20 (±0.30) 0.45
30 Aug W. A. Parish 1.71 (±0.21) 1.79 ‐ 1.32 1.47 (±0.09) 0.56
1 Sep W. A. Parish 1.80 (±0.22) 1.96 1.13 (±0.12) 1.16 0.54 (±0.04) 0.49
6 Sep W. A. Parish 2.19 (±0.27) 1.62 ‐ 1.13 2.48 (±0.15) 0.48
10 Sep W. A. Parish 2.76 (±0.34) 2.15 1.19 (±0.12) 1.24 0.32 (±0.02) 0.52
10 Sep Big Brown 6.72 (±0.83) 5.07 1.36 (±0.14) 1.28 3.04 (±0.19) 0.12
7 Sep Lake Creek 0 0 4.17 (±0.44) 3.80 0.45 (±0.06) 1.39
10 Sep Lake Creek 0 0 3.61 (±0.38) 3.09 0.29 (±0.14) 1.13
7 Sep Limestone 1.51 (±0.19) 1.52 1.30 (±0.14) 1.33 0.28 (±0.04) 0.11
10 Sep Limestone 1.91 (±0.24) 1.96 1.24 (±0.13) 1.40 0.17 (±0.05) 0.12
3 Sep Martin Lake 3.03 (±0.38) 2.61 1.22 (±0.13) 1.27 4.53 (±0.27) 0.15
3 Sep Monticello 5.08 (±0.63) 5.18 ‐ 1.30 5.60 (±0.33) 0.18
3 Sep Monticello 5.14 (±0.64) 5.18 1.14 (±0.12) 1.30 6.76 (±0.39) 0.18
7 Sep Tradinghouse 0 0 6.13 (±0.64) 5.69 0.46 (±0.08) 1.44
10 Sep Tradinghouse 0 0 4.97 (±0.52) 4.77 0.82 (±0.08) 1.21
10 Sep Twin Oaks 1.54 (±0.19) 1.45 0.70 (±0.07) 0.73 0 0.32
3 Sep Welsh 2.09 (±0.26) 2.42 ‐ 1.48 0.83 (±0.05) 0.22
3 Sep Welsh 2.33 (±0.29) 2.45 1.43 (±0.15) 1.53 0.91 (±0.06) 0.23
3 Sep Welsh 2.45 (±0.30) 2.45 ‐ 1.53 1.03 (±0.07) 0.23



aAll ratios given in units of ppbv/ppmv and rounded to two decimal places. A hyphen (‐) indicates missing aircraft data. A zero (0) indicates an emission
statistically equal to zero using our analysis.



bEstimates of inventory values are annual TCEQ CO/NOx ratios multiplied by hourly CEMS NOx/CO2 ratios.
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difference to the DNOy/DCO2 ratios for 2000 due to similar
time responses of the two instruments. By 2006, the time
response of the SO2 instrument was sufficiently fast to allow
the use of linear least squares regression slopes to accurately
evaluate DSO2/DCO2 ratios.



[18] Our calculated emission ratio serves as a 10 s to 2 min
“snapshot” of emissions from a point source. We assume
these emissions remain relatively constant during any given
hour of operation. The “snapshot” is compared to hourly
CEMS data, and it is these hourly data that are aggregated to
form annual emissions inventories. Therefore, comparison of
hourly CEMS ratios with aircraft ratios allows an evaluation
of the accuracy with which the facility is measuring and
reporting its emissions.



4. Results and Discussion



[19] Comparisons were made between the aircraft and
CEMS emission ratios according to the equation,



%D ¼ 100� CEMS emission ratio



aircraft emission ratio
� 1



� �
; ð1Þ



where %D is the percentage difference between the CEMS
and aircraft emission ratios relative to the emission ratio
measured from the aircraft.



4.1. TexAQS 2000



[20] For the 14 near‐field plume transects in which SO2



data were reported in 2000, the average difference between
CEMS SO2/CO2 and aircraft DSO2/DCO2 ratios is −3.7%
(±13.0%) (Figure 8) with a combined estimated uncertainty
for each calculation of 19%. The geometric mean and
standard deviation of a comparison of the ratios are 0.954
(or −4.6%) and 1.153, respectively, which suggests taking
the arithmetic mean and standard deviation result in minimal
bias.
[21] For 14 transects in which NOy data were reported in



2000, the average difference between CEMS NOx/CO2 and
aircraft DNOy/DCO2 ratios equals 2.3% (±9.8%) (Figure 8),
with a combined uncertainty of 18%. Using the same peak



Figure 8. Percentage difference between CEMS and aircraft emission ratios relative to aircraft emission
ratios for SO2/CO2 and NOx/CO2 during TexAQS 2000. Error bars are the combined (1s) uncertainties of
both measurements.



Figure 7. Example of 1 s measurements and integrated
plume areas from W. A. Parish plume transect, 30 August
2000. The SO2 trace is smoother than the CO2 trace (see
arrows) due to the SO2 instrument’s slightly slower time
response that year. The gray area under the SO2 trace equals
1439 (±173) ppbv‐s; the light blue area under the CO2 trace
equals 839 (±25) ppmv. The resulting DSO2/DCO2 ratio
equals 1.71 (±0.21) ppbv‐s/ppmv. All TexAQS 2000 aircraft
DSO2/DCO2 ratios (Table 2) were calculated in this manner.
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integration method as used for DSO2/DCO2 results in an
average difference of 10% (±14%), which suggests the two
methods of determining an emission ratio are statistically
identical as long as the time responses of the instruments are
similar. The geometric mean of the comparison is 1.9%.



4.2. TexAQS 2006



[22] For 24 transects with SO2 data in 2006, the average
difference between CEMS SO2/CO2 and aircraft DSO2/
DCO2 ratios is 1.1% (±11.6%) (see Figure 9), with a com-
bined uncertainty of 17%. The geometric mean of the com-
parison is 0.5%. For 19 transects with NOy data, the average
percentage difference between CEMS NOx/CO2 and aircraft
DNOy/DCO2 ratios is −5.7% (±8.9%) (see Figure 9), with a
combined uncertainty of 19%. The geometric mean of the
comparison is −6.1%.



4.3. TexAQS 2000 and 2006 Combined



[23] The average percentage difference between all
CEMS SO2/CO2 and aircraft DSO2/DCO2 ratios for 2000
and 2006 equals −0.7% (±12.1%); for NOx/CO2 and
DNOy/DCO2, it is −0.9% (±10.4%). Assuming the stan-
dard deviation of the mean represents the estimated total
uncertainty of the CEMS and aircraft measurements (i.e.,



�total ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2
CEMS þ �2



aircraft



q
), we use this equation to esti-



mate the uncertainty of the CEMS measurements. The 1s
uncertainties for all aircraft measurements of DSO2/DCO2



and DNOy/DCO2 combining both study years average
11.2% and 11.4%, respectively, but these are conservative
estimates. It is likely that the uncertainties of the NOy



measurements in this analysis are overstated because much
of the NOy uncertainty comes from uncertainties in the
conversion of nitric acid, peroxyacyl nitrates (PANs), and
other nitrogen‐containing species to NO on the Au cata-
lyst. Because we selected NOy plumes when DNOx/DNOy



was greater than 90%, the NOy measurement uncertainty



for the plumes was likely on the order of 6% (summing in
quadrature the 5% uncertainty for NO and a 3% uncer-
tainty for NO2 conversion in the NOy converter). Assum-
ing that the CEMS and aircraft measurements contribute
equally to the observed scatter, then for SO2/CO2, sCEMS =
saircraft = 8.6% and for NOx/CO2, sCEMS = saircraft = 7.4%.
If the errors from our experimental assumptions are small or
are accounted for by the conservative measurement un-
certainties, this suggests the (1s) uncertainty for the CEMS
ratios is on the order of 8%, which puts the uncertainty of the
individual stack measurements of NOx, SO2, and CO2 at
∼6%, and significantly below the 10% required by statute.



4.4. Emission Differences Between TexAQS 2000 and
TexAQS 2006



4.4.1. NOx/CO2



[24] The aircraft data provide an independent measure of
the efficacy of the NOx control strategy implemented by the



Figure 10. All W. A. Parish transect data from TexAQS
2000 (blue) and TexAQS 2006 (red). Lines with slopes
1.25 and 0.25 are shown for comparison.



Figure 9. Percentage difference between CEMS and aircraft emission ratios relative to aircraft emission
ratios for SO2/CO2 and NOx/CO2 during TexAQS 2006. Error bars are the combined (1s) uncertainties of
both measurements.
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state of Texas as a result of their State Implementation Plans
(SIPs) between 2000 and 2006. These SIPs in part mandated
NOx reductions from many EGU power plants, including
W. A. Parish, the only EGU power plant sampled sufficiently
often from the P‐3 to provide a statistically meaningful
comparison of NOx/CO2 ratios in both TexAQS 2000 and
2006.
[25] In 2000, DNOy/DCO2 ratios from airborne data in



near‐field W. A. Parish plumes averaged 1.07 (±0.16) ppbv/
ppmv (n = 3). In 2006, W. A. Parish DNOy/DCO2 averaged
0.25 (±0.04) ppbv/ppmv (n = 11). The aircraft measure-
ments document a decrease in DNOy/DCO2 emissions from
W. A. Parish of 77% between 2000 and 2006. The NOx/CO2



reduction according to annual CEMS data is 79% (1.14 in
2000 and 0.24 in 2006). W. A. Parish reported a 72%
decrease in NOx mass emitted between the two study years,
largely due to the installation of selective catalytic reduction
(SCR) NOx scrubbers after the first TexAQS field study
took place. This reduction in NOx is seen directly as a
reduction in the atmospheric mixing ratio of NOx (and NOy)
downwind of W. A. Parish (Figure 10). For a given level of
CO2 above background, NOy levels were consistently and
significantly lower downwind of W. A. Parish in 2006 than
they were in 2000. Therefore, the analysis using aircraft data
confirms that W. A. Parish has substantially reduced their
NOx emissions and that the ratios of emissions the plant
reported via CEMS appear to be accurate. Further, because
aircraft DNOy/DCO2 ratios from other power plants com-
pare just as favorably to the CEMS NOx/CO2 ratios, this
analysis confirms the use of CEMS data to verify EGU
compliance with the mandated emissions reductions.
4.4.2. SO2/CO2



[26] The DSO2/DCO2 ratios calculated from the aircraft
and CEMS data were also in quantitative agreement with no



significant bias for either study year (see Figures 8 and 9).
No general trend is detectable in the SO2 emissions between
2000 and 2006 for these power plants. Data from EGUs
which burn natural gas only (and do not emit significant
amounts of SO2 compared to coal‐fired plants) are not
shown; however, our analysis was carried out and in each
instance a slope was generated that confirmed no detectable
emission of SO2.
4.4.3. CO/CO2



[27] We examined DCO/DCO2 ratios in plume transects
less than 3 h old (CO typically has an atmospheric lifetime
of weeks or months) and less than 40 km from the point
source. Because the EPA does not require point sources to
report CO as part of the CEMS, we used 2000 and 2006
annual TCEQ CO/NOx inventory ratios and multiplied these
annual ratios by hourly CEMS NOx/CO2 ratios to approxi-
mate an expected hourly CO/CO2 ratio for each EGU.
[28] Nicks et al. [2003] suggested that 1999 inventories of



CO emissions from Big Brown, Martin Lake, and Mon-
ticello underestimated CO emissions from these EGUs by
more than a factor of 20, assuming the emissions measured
from the aircraft during TexAQS 2000 were representative



Figure 11. A comparison of CO/CO2 ratios from both TexAQS study years. Each bar represents a sep-
arate plume transect. The inventory ratios represent annual CO/NOx ratios reported to TCEQ multiplied
by hourly NOx/CO2 CEMS ratios.



Table 4. Aircraft‐Derived and Inventory‐Tabulated CO/CO2



Emission Ratios



Source
2000a Derived ÷



Tabulated
2000b Derived ÷



Tabulated
2006c Derived ÷



Tabulated



Martin Lake 29 33 1.5
Monticello 34 32 0.81
Big Brown 22 26 1.3



aFrom Nicks et al. [2003] using 1999 inventories.
bEmissions obtained from EPA and TCEQ inventories for 2000.
cEmissions obtained from EPA and TCEQ inventories for 2006.
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of normal operating conditions. Using 2000 TCEQ invento-
ries not available at the time to Nicks et al. [2003] (it typi-
cally takes a few years to finalize EPA and TCEQ emission
inventories), we reach a similar result (see Table 4). By
2006, the CO emissions inventory was in substantially better
agreement with aircraft measurements, and the CEMS esti-
mated hourly CO/CO2 emission ratios are now at least
within a factor of 2 of the ratios derived from airborne data
(Figure 11). The most significant change between TexAQS
2000 and 2006 in this regard was that in the early part of the
decade, TXU/Luminant plants (Big Brown, Monticello, and
Martin Lake) began measuring CO in situ via CEMS moni-
tors rather than using EPA AP‐42 emissions factors to cal-
culate CO emissions (Randy Hamilton, TCEQ; personal
communication, 1 July 2009). Therefore, we conclude the
tabulated CO emissions from the 1999 and 2000 point source
emissions inventories, calculated using AP‐42 emission fac-
tors, substantially underrepresented actual CO emissions from
the TXU/Luminant plants, consistent with the conclusions
in the work of Nicks et al. [2003].
[29] For Welsh and W. A. Parish power plants, annual



inventory CO emissions appear to be relatively accurate.
Welsh appears to be a consistent emitter of CO, and the
inventory values typically disagree by a factor of 2 or 3, but
this could be explained by any error in our assumption that
CO is coemitted with NOx at a constant rate. CO emissions
from W. A. Parish may have been underreported in 2000,
but because they were highly variable and our sample size
was small, it is difficult to draw any quantitative conclu-
sions. W. A. Parish CO emissions do appear to be lower
in 2006, however. W. A. Parish has been omitted from
Figure 11 because the discrepancies between aircraft mea-
surements and the TCEQ inventory do not appear to be
systematic.



4.5. Emissions From Separate Stacks



[30] The EGUs studied here generally have one or two
stacks within close proximity and at identical heights. The
one exception is W. A. Parish, which has eight combustion



units with 11 stacks at four different heights, ranging from
51 to 183 m AGL, separated by as much as 1 km. One or
two stacks serve a combustion unit burning either coal or
natural gas, with distinct NOx/CO2 and SO2/CO2 emission
ratios characteristic of each fuel type. Figure 6 shows the
hourly total NOx/CO2 emission ratio from W. A. Parish. The
first increase in this emission ratio during the night of
26 September is due to an increase from ∼0.25 to ∼0.60 ppbv/
ppmv in NOx/CO2 from coal burning unit 5 (referred to as
WAP5 in the CEMS inventory), likely due to its SCR NOx



scrubber failing or having been turned off for maintenance.
The second increase during 27 September is due to the
operation of gas units (which were not in operation during
26 September, according to the CEMS inventory), charac-
terized by a higher NOx/CO2 emission ratio than the coal
units. In the following section, we exploit periods of limited
vertical atmospheric mixing to assess CEMS accuracy for a
subset of stacks at an EGU with multiple stacks.
[31] On 5 October 2006, a cloudy day with broken



cumulus clouds, the P‐3 made two transects of the W. A.
Parish plume: the first was 1.7 km (and approximately
8 min) downwind, and the second was 2.8 km (and
approximately 20 min) downwind. Both transects were
evidently dominated by the gas unit emissions, because the
DNOy/DCO2 ratio was much higher (see Figure 12) and the
DSO2/DCO2 ratio was much lower than observed on other
days. According to the CEMS data for the second transect,
unit 3 was the only unit with a NOx/CO2 emission ratio
higher than that observed from the aircraft data, which
suggests the plume sampled by the aircraft was specifically
dominated by emissions from unit 3. For comparison, two
plume transects from 6 October, a day with few clouds, are
also shown in Figure 12. The two 6 October transects were
1.9 km (and approximately 11 min) and 2.7 km (and
approximately 13 min) downwind, respectively, with tran-
sect altitudes and wind speeds similar to that of 5 October.
Therefore, it was likely that the clouds on 5 October, by
limiting solar radiation‐driven convection, prevented the
W. A. Parish emissions from fully mixing in the vertical



Figure 12. DNOy/DCO2 ratios from four P‐3 transects of the W. A. Parish plume, all less than 3 km
downwind of the power plant, plotted with hourly CEMS emission data.
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before the P‐3 sampled the plume. Rather than estimating the
degree to which the W. A. Parish plume had been mixed on
this day, the two 5 October transects have been omitted from
our overall analysis of emission ratios. However, for the
second of the two 5 October transects, the DCO/DCO2



emission ratio was 4.23 (±0.21) ppbv/ppmv, by far the
highest CO emission rate measured fromW. A. Parish by the
P‐3 in 2006 (see Table 3 for comparison). This is further
evidence that the gas‐fired units may be responsible for a
large share of the CO emissions from W. A. Parish, as pre-
viously suggested by Nicks et al. [2003].
[32] Similarly, during the 8 October 2006 flight, the first



plume transect 12 km (35 min) downwind of W. A. Parish
occurred just after sunset and suggested the emissions had
not completely mixed (Figure 13). The first part of the
plume (labeled “1” in Figure 13) showed an SO2 enhance-
ment with a relatively small NOx enhancement; the second
part (labeled “2” in Figure 13) showed a large NOx



enhancement and no detectable SO2 enhancement. The two
parts of the plume were analyzed separately, and the emis-
sion ratios suggest the first part of the plume was dominated
by emission from the coal stacks and the second part was
dominated by the gas stacks (Figure 14). Further, the plume
locations are qualitatively consistent with the relative loca-
tion of the stacks at W. A. Parish. As the aircraft flew
northwestward with winds from the northeast, it first
encountered the emissions from the coal‐burning stacks,
which are located to the south of the gas‐burning stacks. All
ratios in Figure 14 agree to within the combined un-
certainties of the aircraft and CEMS measurements. This
suggests no bias in CEMS measurements from the gas
versus the coal stacks at W. A. Parish. While the qualitative
analysis is compelling, rather than estimating which stack’s
emissions were sampled by the P‐3, these transects were
omitted from the overall quantitative analysis.



4.6. Direct Emissions of NO2



[33] NOx emissions from an EGU are generally expected
to be emitted primarily as NO, though there may be small
direct emissions of NO2. The ratio in which NO and NO2



are emitted is important for understanding ozone production,
because NO emissions titrate O3 near the source and must be
oxidized to NO2 by a species other than O3 (e.g., peroxy
radicals derived from volatile organic compound oxidation)
before net ozone production can occur. Direct emissions of
NO2, on the other hand, act as a direct source of ozone via
photolysis. For this reason, many studies have been con-
ducted to measure the NO2/NOx ratio from gasoline and
diesel automobile engines [e.g., see Carslaw and Beevers,
2004]. These studies typically ratio an enhancement in
total oxidant, or odd oxygen (Ox = NO2 + O3), to an
enhancement in NOx and are conducted during the daytime
very near the NOx source before ozone production or further
NOx oxidation can take place. These studies focus on the
following set of reactions:



NOþ O3 ! NO2 þ O2; ð2Þ



NO2 þ h� ! NOþ O; ð3Þ



Oþ O2 þM ! O3 þM: ð4Þ



Thus, during the daytime, the odd oxygen atom emitted in
NO2 is later found in either NO2 or O3. However, when NOx



is emitted at night, we may ignore odd oxygen production
via subsequent ozone photochemistry, which makes it sim-
pler to quantify odd oxygen downwind of a NOx‐emitting



Figure 13. P‐3 transect of W. A. Parish plume, 8 October 2006, showing physical separation of coal and
gas unit emissions under conditions of reduced atmospheric mixing. The results of a separate analysis of
each part of the plume, 1 and 2, are shown in Figure 14.
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point source. At night, NOx may undergo the following
additional reactions:



NO2 þ O3 ! NO3 þ O2; ð5Þ



NO2 þ NO3 þM $ N2O5 þM; ð6Þ



NO3 þ NO ! 2NO2; ð7Þ



N2O5 þ H2O ! 2HNO3: ð8Þ



Thus, before N2O5 is lost to nitric acid (equation (8)), the
nocturnal odd oxygen budget is



OxðnocturnalÞ ¼ O3 þ NO2 þ 2NO3 þ 3N2O5; ð9Þ



where the stoichiometric coefficients represent the number
of odd oxygen atoms present in the molecule [Brown et al.,
2006]. Using this definition of nocturnal Ox, we attempt to
quantify the NO2 directly emitted from one EGU during a
nighttime flight.
[34] On the night of 10 October 2006, several transects



were flown downwind of Oklaunion Power Plant, a coal‐
burning EGU with one stack. All plume transects occurred
after dark, and most of the emissions encountered were
transported downwind at times when j values were essen-
tially zero. To ensure minimal Ox loss via NO3 and N2O5



loss in the presence of aerosols [Dentener and Crutzen,
1993], we examine six transects which had both a signifi-
cant (>15 ppbv) NO enhancement and a NOx/NOy ratio
greater than 90%. The presence of NO in these plumes
limits the further, nighttime oxidation of NOx by rapidly



converting NO3 back to NOx (equation (7)). These transects
range from 18 to 60 km downwind of Oklaunion, with
transport times ranging from 36 (±5) min to 2.0 (±0.25) h.
The ratio of NO2 to NOx at the stack is deduced from the
aircraft measurements as an enhancement in Ox,



NO2



NOx



� �
stack



¼ DOx



DNOx



¼ DO3 þDNO2 þ 2DNO3 þ 3DN2O5



DNOþDNO2 þDNO3 þ 2DN2O5



� �
aircraft



;



ð10Þ



where the numerator of the aircraft ratio represents the sum
of odd oxygen species and the denominator represents the
sum of NOx and its nocturnal oxidation products. The air-
craft ratio accounts for the nighttime conversion of NO to
NO2 by reaction with O3 during transport, the conversion of
NO and NO2 to NO3 and N2O5, and the conversion of NO3



and N2O5 to NO2 in a high‐NO environment. In the near‐
field plume transects we examined, the presence of NO in
the plume prevented NO3 from rising significantly above
background levels and prevented N2O5 from rising above
0.5 ppbv on the fringes of the plume. This in turn delayed
the heterogeneous production of HNO3, previously shown
to have been a slow process during TexAQS 2006 [Brown et
al., 2009] and confirmed by HNO3 measurements in these
plumes. Also, measurements of PANs show these species
did not play significant roles in the odd oxygen budget for
near‐field nighttime data, so these species have been omitted
from our analysis. Again due to different instrument time
responses, integrated plume areas were used to calculate
the emission ratio. The results are presented in Figure 15.
NO2/NOx ratios calculated using NO2 data from the P‐CL
NO2 instrument average 6.1% (±3.9%). Ratios calculated



Figure 14. (a) NOx/CO2 and (b) SO2/CO2 emission ratios determined from separately analyzing the first
and second parts of the plume data in Figure 13, compared with CEMS‐derived emission ratios. The
dotted lines in Figure 14b represent a 14% uncertainty in the SO2/CO2 ratio for the combined W. A.
Parish coal units.
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using NO2 data from the CaRDS NO2 instrument average
6.7% (±2.7%). For comparison, an ODR slope calculation of
[DO3 + DNO2 (CaRDS)]/DNOy yielded an average ratio of
6.8% (±3.8%). The blue trace in Figure 15 shows j(NO2), a
measure of potential daytime odd oxygen formation, esti-
mated at Oklaunion Power Plant’s location based on clear‐
sky j(NO2) data measured from the P‐3 at sunset during
TexAQS 2006. The time‐integrated j(NO2), equivalent to
less than 2 min of noontime insolation, suggests odd oxygen
formation in these plumes was minimal for the two transects
that had been emitted before full sunset.



5. Conclusions



[35] Measurements of DNOy/DCO2 and DSO2/DCO2



emission ratios made aboard aircraft agree quantitatively
with data from EGU power plant CEMS for both 2000 and
2006 TexAQS study years. NOx/CO2 ratios agree to within
±11%; SO2/CO2 ratios agreed to within ±12%. This is an
independent confirmation using a top‐down approach that
emissions ratio data provided through CEMS are accurate to
within their specified accuracy of ±14%.
[36] Further, from the aircraft data we confirm that W. A.



Parish has decreased its NOx emissions by about 80% in
accordance with the CEMS emission inventory data between
2000 and 2006 as a result of installing SCR scrubbers after
2000. Aircraft data also suggest that the current TCEQ
inventories of CO emissions are more accurate than inven-
tories of CO emissions from 1999 and 2000 for the point
sources studied here, a direct result of implementing CO
CEMSmeasurements rather than using calculations based on
AP‐42 estimates of CO emissions factors.
[37] Finally, we have shown using two separate NO2



measurement techniques that NO2/NOx emission ratios from
Oklaunion EGU sampled on one night were approximately



6%. We plan to continue to evaluate NO2 direct emissions in
future field missions using recently improved NO2 mea-
surements (I. B. Pollack et al., manuscript in preparation,
2010) [Fuchs et al., 2009].
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11 5 55
12 2 24
13 2 26
14 4 56
15 0 0
16 2 32
17 2 34
18 0 0
19 3 57
20 2 40
123 1 123
172 1 172


Total 608 2,379
 
 
We are proposing to fill in the missing values uniformly using 94 ppb, which is the average of the
yearly maximum monitored concentration.
 


Year Maximum Ozone Value (ppb) Average Ozone Value (ppb)
2006 96 28.9
2007 100 28.2
2008 95 27.7
2009 93 24.8
2010 87 26.5


Average 94 27.2
 
As can be seen the average values have been decreasing since 2007, and use of this value should be
reasonably conservative. Also, the proposed value is 16% higher than the average of the maximum
values from the latest three years of data.
 
 
NO2 Hourly Background Values
The only NO2 monitor in Duval County is the Kooker Park monitor (ID 120310032) located 
approximately 0.75 miles southwest of the Jacksonville Lime site. For missing values, we simply
propose to use the latest design value of 40 ppb (75.24 ug/m3) for the most recent available three


years (i.e., 2010 through 2012). The 98th percentile values are 44, 39, and 37 ppb for 2010, 2011,
and 2012, respectively. This value can be justified since it is the same that would be used if only a
single background value were incorporated in the analysis.
 
 
NO2:NOx Ratios
We propose to use a NO2:NOx ratio of 0.05 for the lime kiln. This value is supported by the stack
test that Carmeuse performed on its Strasburg, Virginia facility (see Air Emissions Compliance Test
Report dated December 8, 2011 included in the March, 2013 Supplemental Modeling Protocol).







 The average of four tests resulted in an NO2:NOx ration of 0.05. The use of this ratio is also
bolstered by a more recent test of a kiln at the Carmeuse River Rouge facility in Michigan. On Page
18 of the attached report the average test concentrations results in an NO2 to NOx ratio of 0.04.
This further supports our proposed ratio of 0.05 for the Jacksonville Lime kilns.
 
Attached is a study that was supplied by FDEP showing NO2:NOx ratios for a coal fired boiler (see
pages 12 to 14 of the attached report). The nighttime measurements were made by flying transects
at 18 to 60 kilometers downwind of the Oklaunion Power Plant. This coal fired power plant has a
single stack. It was concluded that the NO2:NOx ratios were approximately 6%. It is proposed to
apply the ratio of 0.1 to the coal fired boilers at the Jacksonville Electric Authority (JEA) Northside
plant. In order to show compliance with the NO2 1-hour standard, it should be sufficient to only
apply this ratio to those specific JEA coal fired units, but it may be applied to others on a case-by-
case basis.
 
 
Inventory of Offsite Sources
Attached tables contain the offsite facilities and their potential emissions. Also shown is the distance
and direction of each from the Jacksonville Lime facility. Those facilities within the distance of
significant impact and having potential NOx emissions greater than or equal to 100 tpy will be
included in the cumulative NO2 modeling. The remaining minor sources will be included on a case-
by-case basis, i.e., if they are within 1 km of the site and have sufficient information to model.
Although two minor source fuel terminals (i.e., the Jax Bulk Terminal and the Omega Partners
Jacksonville facility) were within 1 km of the site, hourly emissions and stack parameters were not
available. The potential NOx emissions of these sources are relatively small, and they will only
operate during loading operations. The two minor source lists are sorted by potential emissions and
distance from Jacksonville Lime.
 
Please feel free to contact me to discuss further or request further information.
 
John
 
 
 
 
 








From: Linero, Alvaro
To: jshrock@ectinc.com
Cc: tdavis@ectinc.com; Read, David
Subject: NO2/NOx
Date: Monday, July 29, 2013 4:10:50 PM
Attachments: Peischl 2010 topdown power plant emissions TEXAQS.pdf


John:
 
I think the local power plants can be presumed to emit <10% NO2 within their NOx.
 
Please see the enclosed, starting on page 12. 
 
The results are presented in Figure 15. NO2/NOx ratios calculated using NO2 data from the P‐CL
NO2 instrument average 6.1% (±3.9%).Ratios calculated using NO2 data from the CaRDS NO2
instrument average 6.7% (±2.7%). For comparison, an ODR slope calculation of [DO3 + DNO2
(CaRDS)]/DNOy yielded an average ratio of 6.8% (±3.8%).
 
Aside from this document (of EPRI origin), it is well known from combustion references that NO
is by far the prominent species created by coal combustion, and in particular, coal-fueled power
plants.
 
Refer to the following link for the description:
 
http://www.babcock.com/library/pdf/BR-1834.pdf
 
NOx formation mechanism
NOx in the flue gas is a result of oxidizing either nitrogen in fuel (fuel NOx) or nitrogen in
combustion air (thermal NOx). Generally for coal-firing, influenced by the type of
fuel, less than 25 percent of the NOx produced is thermal NOx and the balance is fuel NOx.
Nitrogen oxides consist of 90 to 95 percent nitric oxide (NO) with the balance occurring as
nitrogen dioxide (NO2). Once the flue gas leaves the stack, the bulk of the NO is oxidized in the
atmosphere
forming NO2.
 
Thermal NOx refers to the NOx formed through high temperature oxidization of the nitrogen found
in combustion air. The mechanism of thermal NOx formation was first
described by Zel’dovich (1946) and later modified to what is referred to as the extended
Zel’dovich mechanism (Sarofim and Pohl, 1972) as shown in the following equations:
 
N2 + O → NO + N
N + O2 → NO + O
N + OH → NO + H
 
I think you can make the assumption of Tier 3 for coal units in the PSD application to us and at the
same time submit rationale for approval by EPA with a request that they get back to you promptly. 
 
Best to go for Tier 3 on the JEA units because they are not actually running the SCR systems on
the two large units at St. Johns River Power Park.
 
So your assumption of something like 0.6 lb/mmBtu of NOx (i.e. NO2 + NO) is probably not off
as an hourly max.
 



mailto:/O=FLORIDADEP/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=LINERO_A

mailto:jshrock@ectinc.com
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[1] Airborne measurements were taken downwind of eleven Texas power generation
facilities in 2000 and 2006 as part of the two Texas Air Quality Study (TexAQS)
campaigns. From these measurements, we determine emission ratios of NOx (= NO +
NO2), SO2, and CO to coemitted CO2 for each facility. These measurements provide an
independent external assessment of reported emission ratios from continuous emission
monitoring systems (CEMS). During the TexAQS study years, we find the SO2/CO2 and
NOx/CO2 emission ratios derived from measurements aboard the aircraft agree
quantitatively with inventory values from CEMS, with standard deviations of less than
±14%. We document significant decreases in atmospheric mixing ratios of NOx as a result
of emission reductions due to controls implemented at the W. A. Parish plant after
TexAQS 2000. For several of the facilities, CO emissions appear relatively constant in
time. Derived CO/CO2 emission ratios agree substantially better with Texas Commission
on Environmental Quality inventories in 2006 than in 2000, which we attribute to better
inventory data from three facilities that installed CO CEMS between the two study
years and not because of any significant change in CO emissions. Other plants appear to have
varying CO emissions over time, complicating comparison to annual inventory values.
Finally, we use two independent NO2 measurements, along with measurements of O3, NO3,
and N2O5, to quantify the fraction of NOx directly emitted as NO2 from the Oklaunion Power
Plant, providing the first quantitative estimate of NO2 emissions from a power
generation facility using ambient data.



Citation: Peischl, J., et al. (2010), A top‐down analysis of emissions from selected Texas power plants during TexAQS 2000
and 2006, J. Geophys. Res., 115, D16303, doi:10.1029/2009JD013527.



1. Introduction



[2] Electric generation utility (EGU) power plants in the
United States are required to report hourly averaged emis-
sions of nitrogen oxides (NOx = NO + NO2), sulfur dioxide
(SO2), and carbon dioxide (CO2) as described in Title 42 of
the U. S. Code section 7651k. These data are provided by
continuous emission monitoring systems (CEMS), which
determine mixing ratios of NOx, SO2, and CO2 in the stack
exhaust, installed at each plant. Combined with measured
stack flow rates, an hourly emission flux is calculated,
subjected to quality control procedures, and reported to the
U. S. Environmental Protection Agency (EPA) every quarter.
These data are subsequently posted to the EPA Web site
(http://camddataandmaps.epa.gov/gdm/index.cfm). Accuracy
is assessed by independent sampling of stack gases and flow



rate, typically performed periodically by a variety of con-
tractors on a plant‐by‐plant basis. CEMS systems are in
compliance with the U. S. Code of Federal Regulations
(C.F.R.) if independent tests agree within ±10% for NOx, SO2,
and CO2 concentrations with no low bias and within ±10% for
stack flow [40 C.F.R. § 75]. Assuming random errors are
normally distributed, mass emission rates from EGUs
equipped with CEMS should be accurate to better than ±14%
(after summing the concentration and flow uncertainties in
quadrature) and enhancement ratios (e.g., NOx/CO2) should
also be accurate to better than ±14%, assuming the stack flow
rate uncertainties are the same for each trace gas measurement.
Further, the state of Texas, through the Texas Commission on
Environmental Quality (TCEQ), requires EGUs in the state to
report annual emissions of NOx, SO2, and carbon monoxide
(CO), among others. The annual NOx and SO2 emissions
reported to TCEQ typically differ by less than 1% of the
emissions reported to the EPA.
[3] The CEMS data are used to track regulatory perfor-



mance of emission control measures, to calculate daily and
annual emissions from EGU power plants, and as inputs to
regulatory models. Assessment of CEMS mass emission
rates and enhancement ratios using ambient measurements
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[Frost et al., 2006; Kim et al., 2006; Ryerson et al., 1998;
Trainer et al., 1995] provides a valuable additional inde-
pendent evaluation of emissions tabulations from a signifi-
cant anthropogenic emission source sector.
[4] To provide external assessment of CEMS perfor-



mance, we report enhancement ratios in near‐field transects
of EGU power plant plumes measured from instrumented
research aircraft downwind of several power plants during
the two Texas Air Quality studies (TexAQS 2000 and 2006).
We compare measured ratios to those calculated from the
CEMS data inventory from these plants to evaluate CEMS
accuracy for ratios of NOx and SO2 to coemitted CO2, as well
as for TCEQ inventories of CO. Further, we compare mea-
surements from the W. A. Parish plant over the two study
years to assess the effectiveness of mandated NOx emission
reductions and to evaluate the changes in atmospheric
mixing ratios resulting from emission control measures.



2. Instrumentation



2.1. Nitrogen Oxides, O3, SO2, CO, Actinic Flux, and
Wind Speed



[5] NO was measured by NO/O3 chemiluminescence
(CL). NO2 was measured by photolytic conversion to NO
and subsequent detection of NO by chemiluminescence
(P‐CL), with ambient NO2 calculated from the calibrated
difference between these two NO measurements. NOy



(total reactive oxidized nitrogen) was measured by NO/O3



chemiluminescence after catalytic conversion to NO on a
300°C Au surface in the presence of 1.5% CO. Imprecision
of the 1 Hz NO, NO2, and NOy data is determined by
counting statistics and ranged from ±0.015 to ±0.4 parts per
billion by volume (ppbv) for the plumes examined here (all
uncertainties given herein are 1s); inaccuracy is estimated to
be ±5% for NO measurements, ±9% for NO2 measurements,
and ±10% for NOy measurements taken in 2000 and ±12%
for 2006 [Ryerson et al., 1999; Ryerson et al., 2000]. In
2006, an independent measurement of NO2 was made by
cavity ring‐down absorption spectroscopy (CaRDS) [Osthoff
et al., 2006]. Imprecision of the 1 Hz CaRDS NO2 data is
±0.1 ppbv; inaccuracy is estimated to be ±5%. Also mea-
sured with the CaRDS instrument were NO3 and N2O5



[Dubé et al., 2006]. Imprecision of the 1 Hz NO3 data is ±1.5
parts per trillion by volume (pptv); inaccuracy is estimated to
be ±20%. Imprecision of the 1 Hz N2O5 data is ±1 pptv;
inaccuracy is estimated to be ±20%. O3 was measured by
NO/O3 chemiluminescence [Ryerson et al., 1998]. Impreci-
sion of the 2006 1 Hz O3 data is ±0.050 ppbv; inaccuracy is
estimated to be ±3%. SO2 was measured by pulsed UV
fluorescence using a modified Thermo Environmental
Instruments, Inc., model 43S [Ryerson et al., 1998]. Impre-
cision of the 1 Hz SO2 data is ±0.3 ppbv; inaccuracy is
estimated to be ±12% for 2000 and ±10% for 2006. CO was
measured by vacuum UV resonance fluorescence [Holloway
et al., 2000]. Imprecision of the 1 Hz CO data is ±1 ppbv;
inaccuracy is estimated to be ±5% for both 2000 and 2006.
Spectral solar actinic flux was measured by a spectro-
radiometer. Inaccuracy of j(NO2) derived from these mea-
surements is estimated to be ±15% [Stark et al., 2007]. The
uncertainty of the wind speed measurements derived from
various sensors aboard the aircraft is estimated to be ±1 m/s
for both 2000 and 2006.



2.2. CO2 Instrument Description and Operation



[6] For TexAQS 2000, CO2 was measured by a pressure‐
controlled nondispersive infrared absorption (NDIR)
instrument based on a LI‐COR model 6262 analyzer [Nicks
et al., 2003]. Imprecision of the 1 Hz CO2 data is stated as
±0.08 parts per million by volume dry air mole fraction
(ppmv) at 370 ppmv, and inaccuracy is estimated to be ±3%
of the absolute difference in mixing ratio from 370 ppmv.
[7] In 2005, an improved NDIR instrument, modeled



closely on the National Aeronautics and Space Adminis-
tration (NASA) ER‐2 flight instrument developed at Har-
vard [Daube et al., 2002], was developed, tested, and fielded
to make highly accurate, in situ measurements of CO2 from
the National Oceanic and Atmospheric Administration
(NOAA) WP‐3D Orion (P‐3) aircraft; its first description is
provided here. The NOAA CO2 instrument was constructed
using the optical bench from a LI‐COR 6262 carbon dioxide
and water vapor analyzer; a schematic of the instrument is
shown in Figure 1. The LI‐COR 6262 optical bench uses
two absorption cells, a sample cell and a reference cell, and
outputs a CO2 signal as the difference in absorption between
the two cells. A reference gas (∼380 ppmv) is continuously
flowed through the reference cell during flight. Atmospheric
air is sampled continuously aboard the NOAA P‐3 through a
rearward‐facing, 0.95 cm (3/8″) OD stainless steel inlet. The
inlet flow is dried to a dew point temperature of −78°C after
passage through a 50‐strand Nafion dryer (Perma Pure, p/n
PD‐50T‐24MPS) and a dry ice trap. The sample flow next
passes through a 10 mm stainless steel disc frit (Upchurch
Scientific, p/n C‐413) filter and a pressure controller (MKS
model 640A) set to approximately 33.33 kPa and held to
within ±0.0093 kPa during flight (250 ± 0.07 torr) before
entering the sample absorption cell of the optical bench.
Downstream of the optical bench, inlet flow is restricted to
∼400 standard cubic centimeters per minute (sccm) by a
350 mm critical orifice. Pressure downstream of the orifice
ranges from 80 to 100 torr, depending on altitude. A dif-
ferential pressure transducer (MKS model 223B) measures
the difference in pressure between the sample and reference
cells of the optical bench; the output signal controls a valve
upstream of the reference cell such that the differential
pressure between the two cells is ∼0 torr and held to within
±0.02 torr during flight. A 100 mm critical orifice is used to
restrict the reference flow to ∼40 sccm. After passage
through the instrument, the dried sample flow is used as the
sheath flow for the Nafion dryer. The optical bench, pressure
controllers, and critical orifices are mounted on wire rope
isolators in order to reduce the effects of airframe vibration
and in‐flight turbulence on vibration‐sensitive components.
The temperature of the absorption cells is controlled to
∼38°C by a ThermOptics heater mounted directly to the
optical bench. Finally, the optics, power, and flow control
components are contained within a temperature‐regulated
enclosure to further minimize the dependence of the NDIR
CO2 measurement on cabin temperature variations.
[8] Immediately inside the aircraft fuselage, three calibra-



tion gas standards were regularly delivered to the inlet line in‐
flight to evaluate instrument zero (determined by introducing
a ∼380 ppmv reference standard into both absorption cells
simultaneously) and instrument gain (evaluated from ∼345 to
∼480 ppmv, and including the ∼380 ppmv reference gas as a
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known standard). While the exact standard tank values varied
over the course of a field project, each was known to within
±0.08 ppmv. The calibration gases were added at a rate suf-
ficient to replace the ambient sample and overflow the inlet.
No change in water vapor between sampling ambient air and
sampling the compressed standards was detected, suggesting
essentially complete drying of ambient air. Quadratic fits of
instrument responses to these calibration standards in‐flight
were reproducible to within ±0.08 ppmv for the full calibra-
tion range over the course of the 6 week project. Flight CO2



standard tanks were filled from tertiary standards and cali-
brated before and after flight against secondary standards on
the ground. All secondary standards were calibrated against
a set of five primary CO2‐in‐air standards, spanning 346–
496 ppmv, purchased from the Global Monitoring Division
(GMD) of NOAA’s Earth System Research Laboratory
(ESRL) in Boulder, Colorado. After the TexAQS 2006
campaign, two additional GMD primary gas standards of
550.26 (±0.07) and 642.87 (±0.07) ppmv were used to
evaluate measurement accuracy at mixing ratios higher than
the in‐flight calibration range, and this additional term is
included in the uncertainty calculations described below.
[9] Following Daube et al. [2002], we examine two



separate methods of evaluating CO2 uncertainty. First, the
total uncertainty for each 1 s CO2 datum between 345 and
480 ppmv was calculated by summing in quadrature the
known sources of uncertainty, listed below with the general
range of error attributed to each: instrument gain, including
standard tank uncertainties (±0.07 to ±0.20 ppmv); absolute
value of the reference tank mixing ratio value (±0.02 ppmv);
1 s imprecision during smooth, level flight (±0.05 ppmv);
and dependence on aircraft acceleration, attributed to dis-
placement of the lamp filament in the optical bench during
turbulence and aircraft acceleration (averaging ±0.03 ppmv
in level flight in the daytime boundary layer and increasing
to ±0.20–0.40 ppmv during tight turns and light to moderate
turbulence). Estimated uncertainties in ambient data above
the in‐flight calibration range (above 480 ppmv) depend



additionally on the mixing ratio, increasing linearly from
0.1 ppmv at 480 ppmv and reaching 0.75 ppmv at 643 ppmv.
This first method of uncertainty assessment resulted in an
average uncertainty of ±0.11 ppmv for ambient CO2 in the
TexAQS 2006 data set.
[10] Second, an additional gas standard tank, known as



the “target” (or “long‐term surveillance” in Daube et al.
[2002]), was regularly introduced at the inlet in‐flight but
not used in determining instrument zero or gain parameters.
The flight target tank value was calibrated according to the
procedure for the flight calibration tanks described previ-
ously, and its mixing ratio of ∼400 ppmv was selected to
approximate median ambient CO2 values in the Houston
summertime boundary layer. The introduction of the target
standard was well separated in time from the instrument zero
and gain calibrations and done during all types of flight
conditions (smooth, level flight; aircraft banks; turbulence;
high and low altitudes; etc.). The target was treated as an
unknown in the data reduction, and its mixing ratio was
retrieved to evaluate long‐term instrument imprecision and
inaccuracy. Over the course of the TexAQS 2006 campaign,
all in‐flight 1 s target data averaged 0.02 (±0.11) ppmv
higher than the “known” tank mixing ratio, demonstrating
essentially zero bias (and within the uncertainty of the
“known” target mixing ratio) and a total uncertainty in
quantifying ambient CO2 of ±0.11 ppmv. During the 2008
Aerosol, Radiation, and Cloud Processes Affecting Arctic
Climate (ARCPAC) campaign, all in‐flight 1 s target data
averaged 0.00 (±0.11) ppmv relative to the “known” value.
Therefore, this second method of uncertainty assessment is
in quantitative agreement with the uncertainty derived from
the first method above.



2.3. External Evaluation of Flight CO2 Instrument
Performance



[11] Additional independent performance tests of the new
P‐3 flight CO2 instrument were provided by blind com-
parisons against whole‐air samples taken aboard the P‐3



Figure 1. Plumbing diagram of P‐3 CO2 instrument in 2008. MFC: MKS 1179 mass flow controller;
PC: MKS 640A pressure controller; dP: MKS 229B differential pressure transducer; P: MKS 750B pres-
sure transducer. The pressure controller upstream of the reference cell is an MKS 640A‐28156, a custom‐
made pressure controller without an internal pressure transducer.
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aircraft [Conway et al., 1994; Thoning et al., 1995], during
wingtip comparisons with an NDIR CO2 instrument aboard
the NASA DC‐8 instrumented research aircraft [Vay et al.,
2003], and during close approaches to instrumented tall
towers. The results of these comparisons are summarized in
Table 1 and described in more detail below.
[12] During the ARCPAC campaign in March and April



2008, whole‐air samples were taken aboard the P‐3 and later
analyzed with minor modifications to the method described
in the work of Thoning et al. [1995] by NOAA GMD. A
linear orthogonal distance regression (ODR) fit forced
through zero resulted in a slope of 1.0004 and a standard
deviation of the residuals of ±0.14 ppmv. Further, and in
conjunction with NASA’s Arctic Research of the Compo-
sition of the Troposphere From Aircraft and Satellites
(ARCTAS), the NOAA P‐3 flew a “wingtip‐to‐wingtip”
comparison with the NASA DC‐8, instrumented with its



own NDIR CO2 instrument (see Figure 2). Figure 2a shows
a comparison of preliminary field data during a vertical
profile. We use the preliminary data to show instrument
performance assessed using a blind data exchange; the final
data comparison does not differ significantly but does not
afford a blind comparison. The average difference of the two
1 s data sets during the vertical profile (n = 1084) in a blind
data exchange is −0.001 (±0.187) ppmv. Figure 2b shows a
scatterplot for all preliminary field 1 s data (n = 2901),
excluding a noncoincident pollution plume; the slope of the
1 s data with the ODR fit forced through zero was 1.000
(±0.000) with a standard deviation of the orthogonal re-
siduals of ±0.125 ppmv. Finally, the P‐3 flew close‐
approach spirals around the KWKT television tower near
Moody, Texas, during TexAQS 2006 and the Boulder
Atmospheric Observatory (BAO) in Erie, Colorado, during
ARCPAC 2008. These towers are instrumented by NOAA



Table 1. Summary of Comparisons Between the P‐3 CO2 Instrument and Other CO2 Measurements



Event Date Instruments CO2 (ppmv) Average Distance (km)



KWKT spiral 13 Sep 2006 P‐3 378.32 (±0.15)a 3.6 (±0.4)
tall tower 378.30b (±0.09)



KWKT spiral 25 Sep 2006 P‐3 377.47 (±0.22)a 2.8 (±0.7)
tall tower 377.50b (±0.08)



BAO spiral 1 Apr 2008 P‐3 393.92 (±0.25)a 3.6 (±1.8)
tall tower 393.93b (±0.11)



Slope



ARCPAC project 29 Mar to 23 Apr 2008 P‐3 versus P‐3 flask (n = 89) 1.0004 (±0.0001) residual 1s = ±0.11 ppmv same aircraft
Wingtip comparison 11 Apr 2008 P‐3 versus NASA DC‐8 1.000 (±0.000)c residual 1s = ±0.16 ppmv 0.25 (±0.10)



aAtmospheric variability of the measurement, not including instrument uncertainties. The uncertainty in the P‐3 CO2 measurements during spirals is
approximately ±0.20 ppmv.



bTall tower data from the highest inlet (457 m AGL at KWKT, 300 m AGL at BAO).
cBlind comparison of preliminary field data. Data timing was matched for three different altitudes due to ambient pressure effects on flow rate.



Figure 2. NOAA P‐3 CO2 comparison with NASA DC‐8 during 12 April 2008 flight using 1 Hz pre-
liminary field data with a blind data exchange. (a) Vertical profile during en route descent. The blue trace
is CO2 data from the NOAA P‐3; the red trace is CO2 data from the NASA DC‐8. (b) Scatter plot of all
preliminary field data excluding noncoincident pollution plume (not shown). The red trace is the ODR fit
to the data. The blue trace is a 1:1 line. The residuals represent the orthogonal distance from the points to
the linear fit.
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GMD as part of their tall tower network for carbon tracking
[Andrews et al., 2009]. They report 30 s averages (beginning
4.5 min after switching to a new inlet height) from three
sampling heights. The highest sampling height at KWKT is
457 m aboveground level (AGL), while the highest sam-
pling height at BAO is 300 m AGL. An 8 min travel time
through the tower tubing is approximated using measured
flow rates and subtracted from the reported time for KWKT
measurements, and similarly a 5 min travel time is
approximated and subtracted from the reported time for
BAO measurements. The P‐3 spirals occurred within 5 min
of the estimated sampling times at KWKT and within
10 min of the BAO sampling time. Only data from the



highest sampling heights were used in the comparisons due
to the slight spatial variability in boundary layer CO2



mixing ratios, including possible CO2 uptake near ground‐
level vegetation and because the P‐3 was always closest in
altitude to these inlets. During the P‐3’s spiral descent
around a tower, an average CO2 mixing ratio was calcu-
lated for the well‐mixed boundary layer from the aircraft
data. In Table 1, only the atmospheric variability is given for
these data. The uncertainty in the 1 s P‐3 CO2 measurements
during spirals is approximately ±0.15 to ±0.20 ppmv. For all
three tower spirals, the CO2 comparisons agreed within the
combined uncertainties.
[13] Instrument performance assessed by the above blind



evaluations suggest the resulting P‐3 flight CO2 data are
directly traceable to the World Meteorological Organization
scale [Zhao and Tans, 2006], with sufficiently small and
quantified uncertainties to provide reference data from
which to determine emissions ratios downwind of EGU
power plants as described below.



3. Experiment



[14] As part of TexAQS 2000 and 2006, NOAA‐
instrumented aircraft flew downwind of several Texas power
plants, including W. A. Parish, Big Brown, Knox Lee,
Lake Creek (TXU/Luminant), Limestone, Martin Lake,
Monticello, Oklaunion, Tradinghouse, Twin Oaks, and
Welsh power generation facilities (Figure 3).We analyze data
from near‐field plume transects downwind of EGU point
sources (Figure 4). We determine that the plumes are attrib-
utable to specific point sources by measuring the background
trace gas levels upwind of the sources and noting the
prevailing wind direction downwind of the sources
[Ryerson et al., 2003; White et al., 1976]. We then plot the
enhancements of a species of interest against CO2 for each



Figure 3. Map of Texas showing EGU power plants exam-
ined during TexAQS 2000 and 2006.



Figure 4. An example of 1 s measurements during a P‐3 transect 7.5 km downwind of Monticello Power
Plant, 16 September 2006. The P‐3 crossed the ∼4 km wide plume in approximately 40 s. The data
between the dotted lines are plotted in Figure 5.
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plume, adjust the measurements in time (by 1 or 2 s to
accommodate instrument sampling time differences) such
that the highest R2 is achieved, and calculate bivariate, linear
least squares (ODR) regression fits to the data, weighted by
each instrument’s imprecision (Figure 5). The slope of the
fitted line represents the emission ratio of the trace gas of
interest to CO2 from a given point source [Ryerson et al.,
1998]. The total uncertainty in the emission ratio derived



from ambient measurements is determined by adding in
quadrature the uncertainty in the fitted slope to the calibration
uncertainties of the relevant trace gas measurements.
[15] Using the average wind speed during a plume tran-



sect and the distance from the plume center to the point
source, we estimate the time that the sampled air mass was
emitted. We compare the emission ratios calculated from
airborne measurements to those calculated from the hourly
CEMS data (Figure 6) and present our results here (Tables 2
and 3). Generally, the downwind transects were flown at
times when plant operating outputs were relatively stable.
Thus, the CEMS emission ratios tend to remain fairly con-
stant for 1 or 2 h before and after the estimated time of
emission. When the CEMS emission ratio did change sub-
stantially (i.e., by more than 25% in 1 h) within an hour of
the estimated time of emission, in no case did the change
result in better agreement with the emission ratio measured
aboard the aircraft (e.g., see Figure 6). This observation
suggests that the errors in estimating the time of emission
did not play a significant role in our analysis.
[16] We selected data from near‐field transects (2–40 km



downwind of point sources, corresponding to transport
times of 4–120 min), thereby minimizing differential losses
of the directly emitted species. To this end, we further
selected plume transects such that NOx enhancements
accounted for more than 90% of the NOy enhancement in
the plume. A 1s confidence interval of, e.g., 10–20%, is
written as 15% (±5%) herein. For the transects studied here,
NOx averages 100% (±6%) of the NOy enhancements in
these plumes, which is within the combined uncertainties of
the measurements, suggesting that oxidation and subsequent
losses were minimal. NOy measured from the aircraft and
NOx emitted by point sources are thus used interchangeably
throughout this paper. We further assume dilution affects all
trace gas species equally, so emission ratios are preserved
during the short transport times prior to sampling by the



Figure 5. Enhancements in NOy, SO2, and CO plotted
against the enhancement in CO2 for Monticello plume (data
between dotted lines, Figure 4). Bivariate fits weighted by
instrument imprecisions yield the following emission ratios,
with uncertainties determined from fit and measurement
uncertainties: DNOy/DCO2 = 0.81 (±0.10) ppbv/ppmv;
DSO2/DCO2 = 2.81 (±0.28) ppbv/ppmv; DCO/DCO2 =
5.44 (±0.27) ppbv/ppmv.



Figure 6. A sample of CEMS‐derived NOx/CO2 emission ratios with ratios from three P‐3 transects
overlaid. CEMS emission ratios for each hour are in black, with error bars (±14%) in gray. Aircraft‐
derived emission ratios are red dots, with (1s) error bars.
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aircraft. We interpret the measured plume enhancement
ratios (e.g., DNOy/DCO2) as a direct measure of emission
ratios from EGU power plants (e.g., NOx/CO2) [Ryerson et
al., 1998]. Moreover, we assume emissions from different
stacks at a power plant to be mixed together downwind of
the plant, such that the measured enhancement ratios rep-



resent those of the plant as a whole. This assumption, and its
exceptions, is discussed in more detail below.
[17] For the 2000 data, we account for the slower time



response of the SO2 instrument by calculating enhancement
ratios from integrated plume areas rather than slopes
(Figure 7). This method made no statistically significant



Table 3. Aircraft‐Derived and Inventory‐Tabulated Emission Ratios From TexAQS 2006



Emission Ratios,a TexAQS 2006



Date EGU



SO2/CO2 NOx/CO2 CO/CO2



Aircraft CEMS Aircraft CEMS Aircraft Inventoryb



13 Sep W. A. Parish 1.61 (±0.16) 1.69 0.19 (±0.02) 0.20 0.37 (±0.02) 0.27
19 Sep W. A. Parish 2.28 (±0.23) 2.19 0.28 (±0.03) 0.23 0.41 (±0.03) 0.31
20 Sep W. A. Parish 2.06 (±0.21) 2.31 ‐ 0.21 0.08 (±0.02) 0.28
20 Sep W. A. Parish 2.15 (±0.21) 2.31 ‐ 0.21 0.45 (±0.03) 0.28
20 Sep W. A. Parish 1.79 (±0.18) 2.20 0.22 (±0.03) 0.20 0.21 (±0.02) 0.27
21 Sep W. A. Parish 1.75 (±0.18) 2.05 0.23 (±0.03) 0.21 0.15 (±0.02) 0.28
25 Sep W. A. Parish 1.96 (±0.20) 1.97 ‐ 0.22 0.14 (±0.03) 0.29
26 Sep W. A. Parish 2.23 (±0.22) 2.16 0.35 (±0.04) 0.32 0.08 (±0.01) 0.43
27 Sep W. A. Parish 2.01 (±0.20) 1.83 0.23 (±0.03) 0.24 0.20 (±0.02) 0.32
6 Oct W. A. Parish 2.19 (±0.22) 1.90 0.27 (±0.03) 0.24 ‐ 0.32
6 Oct W. A. Parish 2.31 (±0.23) 1.78 0.26 (±0.03) 0.29 0 0.39
8 Oct W. A. Parish 1.85 (±0.19) 1.56 0.23 (±0.03) 0.25 0.30 (±0.02) 0.33
11 Oct W. A. Parish 1.97 (±0.20) 1.86 0.23 (±0.03) 0.23 0.46 (±0.02) 0.31
11 Oct W. A. Parish 1.93 (±0.19) 1.82 0.21 (±0.03) 0.25 0.64 (±0.03) 0.33
25 Sep Big Brown 7.78 (±0.78) 7.07 ‐ 0.54 6.81 (±0.36) 5.02
16 Sep Knox Lee 0 0 1.93 (±0.23) 1.69 0 0.14
16 Sep Martin Lake 2.98 (±0.30) 2.80 0.77 (±0.09) 0.76 6.05 (±0.30) 6.63
16 Sep Monticello 2.81 (±0.28) 2.78 0.81 (±0.10) 0.77 5.44 (±0.27) 6.01
10 Oct Oklaunion 0.45 (±0.04) 0.51 2.53 (±0.30) 2.08 0 0.11
10 Oct Oklaunion 0.52 (±0.05) 0.49 2.19 (±0.26) 2.16 0 0.12
10 Oct Oklaunion 0.49 (±0.05) 0.49 2.19 (±0.26) 2.16 0 0.12
10 Oct Oklaunion 0.48 (±0.05) 0.53 2.32 (±0.28) 2.00 0 0.11
10 Oct Oklaunion 0.46 (±0.05) 0.53 2.24 (±0.27) 2.00 0 0.11
25 Sep Twin Oaks 1.27 (±0.16) 1.45 ‐ 0.67 0 0.34
16 Sep Welsh 1.50 (±0.15) 1.65 1.19 (±0.14) 1.04 1.68 (±0.11) 0.92



aAll ratios given in units of ppbv/ppmv and rounded to two decimal places. A hyphen (‐) indicates missing aircraft data. A zero (0) indicates an emission
statistically equal to zero using our analysis.



bEstimates of inventory values are annual TCEQ CO/NOx ratios multiplied by hourly CEMS NOx/CO2 ratios.



Table 2. Aircraft‐Derived and Inventory‐Tabulated Emission Ratios From TexAQS 2000



Emission Ratios,a TexAQS 2000



Date EGU



SO2/CO2 NOx/CO2 CO/CO2



Aircraft CEMS Aircraft CEMS Aircraft Inventoryb



27 Aug W. A. Parish ‐ 1.88 0.88 (±0.09) 1.07 5.20 (±0.30) 0.45
30 Aug W. A. Parish 1.71 (±0.21) 1.79 ‐ 1.32 1.47 (±0.09) 0.56
1 Sep W. A. Parish 1.80 (±0.22) 1.96 1.13 (±0.12) 1.16 0.54 (±0.04) 0.49
6 Sep W. A. Parish 2.19 (±0.27) 1.62 ‐ 1.13 2.48 (±0.15) 0.48
10 Sep W. A. Parish 2.76 (±0.34) 2.15 1.19 (±0.12) 1.24 0.32 (±0.02) 0.52
10 Sep Big Brown 6.72 (±0.83) 5.07 1.36 (±0.14) 1.28 3.04 (±0.19) 0.12
7 Sep Lake Creek 0 0 4.17 (±0.44) 3.80 0.45 (±0.06) 1.39
10 Sep Lake Creek 0 0 3.61 (±0.38) 3.09 0.29 (±0.14) 1.13
7 Sep Limestone 1.51 (±0.19) 1.52 1.30 (±0.14) 1.33 0.28 (±0.04) 0.11
10 Sep Limestone 1.91 (±0.24) 1.96 1.24 (±0.13) 1.40 0.17 (±0.05) 0.12
3 Sep Martin Lake 3.03 (±0.38) 2.61 1.22 (±0.13) 1.27 4.53 (±0.27) 0.15
3 Sep Monticello 5.08 (±0.63) 5.18 ‐ 1.30 5.60 (±0.33) 0.18
3 Sep Monticello 5.14 (±0.64) 5.18 1.14 (±0.12) 1.30 6.76 (±0.39) 0.18
7 Sep Tradinghouse 0 0 6.13 (±0.64) 5.69 0.46 (±0.08) 1.44
10 Sep Tradinghouse 0 0 4.97 (±0.52) 4.77 0.82 (±0.08) 1.21
10 Sep Twin Oaks 1.54 (±0.19) 1.45 0.70 (±0.07) 0.73 0 0.32
3 Sep Welsh 2.09 (±0.26) 2.42 ‐ 1.48 0.83 (±0.05) 0.22
3 Sep Welsh 2.33 (±0.29) 2.45 1.43 (±0.15) 1.53 0.91 (±0.06) 0.23
3 Sep Welsh 2.45 (±0.30) 2.45 ‐ 1.53 1.03 (±0.07) 0.23



aAll ratios given in units of ppbv/ppmv and rounded to two decimal places. A hyphen (‐) indicates missing aircraft data. A zero (0) indicates an emission
statistically equal to zero using our analysis.



bEstimates of inventory values are annual TCEQ CO/NOx ratios multiplied by hourly CEMS NOx/CO2 ratios.
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difference to the DNOy/DCO2 ratios for 2000 due to similar
time responses of the two instruments. By 2006, the time
response of the SO2 instrument was sufficiently fast to allow
the use of linear least squares regression slopes to accurately
evaluate DSO2/DCO2 ratios.



[18] Our calculated emission ratio serves as a 10 s to 2 min
“snapshot” of emissions from a point source. We assume
these emissions remain relatively constant during any given
hour of operation. The “snapshot” is compared to hourly
CEMS data, and it is these hourly data that are aggregated to
form annual emissions inventories. Therefore, comparison of
hourly CEMS ratios with aircraft ratios allows an evaluation
of the accuracy with which the facility is measuring and
reporting its emissions.



4. Results and Discussion



[19] Comparisons were made between the aircraft and
CEMS emission ratios according to the equation,



%D ¼ 100� CEMS emission ratio



aircraft emission ratio
� 1



� �
; ð1Þ



where %D is the percentage difference between the CEMS
and aircraft emission ratios relative to the emission ratio
measured from the aircraft.



4.1. TexAQS 2000



[20] For the 14 near‐field plume transects in which SO2



data were reported in 2000, the average difference between
CEMS SO2/CO2 and aircraft DSO2/DCO2 ratios is −3.7%
(±13.0%) (Figure 8) with a combined estimated uncertainty
for each calculation of 19%. The geometric mean and
standard deviation of a comparison of the ratios are 0.954
(or −4.6%) and 1.153, respectively, which suggests taking
the arithmetic mean and standard deviation result in minimal
bias.
[21] For 14 transects in which NOy data were reported in



2000, the average difference between CEMS NOx/CO2 and
aircraft DNOy/DCO2 ratios equals 2.3% (±9.8%) (Figure 8),
with a combined uncertainty of 18%. Using the same peak



Figure 8. Percentage difference between CEMS and aircraft emission ratios relative to aircraft emission
ratios for SO2/CO2 and NOx/CO2 during TexAQS 2000. Error bars are the combined (1s) uncertainties of
both measurements.



Figure 7. Example of 1 s measurements and integrated
plume areas from W. A. Parish plume transect, 30 August
2000. The SO2 trace is smoother than the CO2 trace (see
arrows) due to the SO2 instrument’s slightly slower time
response that year. The gray area under the SO2 trace equals
1439 (±173) ppbv‐s; the light blue area under the CO2 trace
equals 839 (±25) ppmv. The resulting DSO2/DCO2 ratio
equals 1.71 (±0.21) ppbv‐s/ppmv. All TexAQS 2000 aircraft
DSO2/DCO2 ratios (Table 2) were calculated in this manner.



PEISCHL ET AL.: EMISSIONS FROM TEXAS POWER PLANTS D16303D16303



8 of 15











integration method as used for DSO2/DCO2 results in an
average difference of 10% (±14%), which suggests the two
methods of determining an emission ratio are statistically
identical as long as the time responses of the instruments are
similar. The geometric mean of the comparison is 1.9%.



4.2. TexAQS 2006



[22] For 24 transects with SO2 data in 2006, the average
difference between CEMS SO2/CO2 and aircraft DSO2/
DCO2 ratios is 1.1% (±11.6%) (see Figure 9), with a com-
bined uncertainty of 17%. The geometric mean of the com-
parison is 0.5%. For 19 transects with NOy data, the average
percentage difference between CEMS NOx/CO2 and aircraft
DNOy/DCO2 ratios is −5.7% (±8.9%) (see Figure 9), with a
combined uncertainty of 19%. The geometric mean of the
comparison is −6.1%.



4.3. TexAQS 2000 and 2006 Combined



[23] The average percentage difference between all
CEMS SO2/CO2 and aircraft DSO2/DCO2 ratios for 2000
and 2006 equals −0.7% (±12.1%); for NOx/CO2 and
DNOy/DCO2, it is −0.9% (±10.4%). Assuming the stan-
dard deviation of the mean represents the estimated total
uncertainty of the CEMS and aircraft measurements (i.e.,



�total ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�2
CEMS þ �2



aircraft



q
), we use this equation to esti-



mate the uncertainty of the CEMS measurements. The 1s
uncertainties for all aircraft measurements of DSO2/DCO2



and DNOy/DCO2 combining both study years average
11.2% and 11.4%, respectively, but these are conservative
estimates. It is likely that the uncertainties of the NOy



measurements in this analysis are overstated because much
of the NOy uncertainty comes from uncertainties in the
conversion of nitric acid, peroxyacyl nitrates (PANs), and
other nitrogen‐containing species to NO on the Au cata-
lyst. Because we selected NOy plumes when DNOx/DNOy



was greater than 90%, the NOy measurement uncertainty



for the plumes was likely on the order of 6% (summing in
quadrature the 5% uncertainty for NO and a 3% uncer-
tainty for NO2 conversion in the NOy converter). Assum-
ing that the CEMS and aircraft measurements contribute
equally to the observed scatter, then for SO2/CO2, sCEMS =
saircraft = 8.6% and for NOx/CO2, sCEMS = saircraft = 7.4%.
If the errors from our experimental assumptions are small or
are accounted for by the conservative measurement un-
certainties, this suggests the (1s) uncertainty for the CEMS
ratios is on the order of 8%, which puts the uncertainty of the
individual stack measurements of NOx, SO2, and CO2 at
∼6%, and significantly below the 10% required by statute.



4.4. Emission Differences Between TexAQS 2000 and
TexAQS 2006



4.4.1. NOx/CO2



[24] The aircraft data provide an independent measure of
the efficacy of the NOx control strategy implemented by the



Figure 10. All W. A. Parish transect data from TexAQS
2000 (blue) and TexAQS 2006 (red). Lines with slopes
1.25 and 0.25 are shown for comparison.



Figure 9. Percentage difference between CEMS and aircraft emission ratios relative to aircraft emission
ratios for SO2/CO2 and NOx/CO2 during TexAQS 2006. Error bars are the combined (1s) uncertainties of
both measurements.
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state of Texas as a result of their State Implementation Plans
(SIPs) between 2000 and 2006. These SIPs in part mandated
NOx reductions from many EGU power plants, including
W. A. Parish, the only EGU power plant sampled sufficiently
often from the P‐3 to provide a statistically meaningful
comparison of NOx/CO2 ratios in both TexAQS 2000 and
2006.
[25] In 2000, DNOy/DCO2 ratios from airborne data in



near‐field W. A. Parish plumes averaged 1.07 (±0.16) ppbv/
ppmv (n = 3). In 2006, W. A. Parish DNOy/DCO2 averaged
0.25 (±0.04) ppbv/ppmv (n = 11). The aircraft measure-
ments document a decrease in DNOy/DCO2 emissions from
W. A. Parish of 77% between 2000 and 2006. The NOx/CO2



reduction according to annual CEMS data is 79% (1.14 in
2000 and 0.24 in 2006). W. A. Parish reported a 72%
decrease in NOx mass emitted between the two study years,
largely due to the installation of selective catalytic reduction
(SCR) NOx scrubbers after the first TexAQS field study
took place. This reduction in NOx is seen directly as a
reduction in the atmospheric mixing ratio of NOx (and NOy)
downwind of W. A. Parish (Figure 10). For a given level of
CO2 above background, NOy levels were consistently and
significantly lower downwind of W. A. Parish in 2006 than
they were in 2000. Therefore, the analysis using aircraft data
confirms that W. A. Parish has substantially reduced their
NOx emissions and that the ratios of emissions the plant
reported via CEMS appear to be accurate. Further, because
aircraft DNOy/DCO2 ratios from other power plants com-
pare just as favorably to the CEMS NOx/CO2 ratios, this
analysis confirms the use of CEMS data to verify EGU
compliance with the mandated emissions reductions.
4.4.2. SO2/CO2



[26] The DSO2/DCO2 ratios calculated from the aircraft
and CEMS data were also in quantitative agreement with no



significant bias for either study year (see Figures 8 and 9).
No general trend is detectable in the SO2 emissions between
2000 and 2006 for these power plants. Data from EGUs
which burn natural gas only (and do not emit significant
amounts of SO2 compared to coal‐fired plants) are not
shown; however, our analysis was carried out and in each
instance a slope was generated that confirmed no detectable
emission of SO2.
4.4.3. CO/CO2



[27] We examined DCO/DCO2 ratios in plume transects
less than 3 h old (CO typically has an atmospheric lifetime
of weeks or months) and less than 40 km from the point
source. Because the EPA does not require point sources to
report CO as part of the CEMS, we used 2000 and 2006
annual TCEQ CO/NOx inventory ratios and multiplied these
annual ratios by hourly CEMS NOx/CO2 ratios to approxi-
mate an expected hourly CO/CO2 ratio for each EGU.
[28] Nicks et al. [2003] suggested that 1999 inventories of



CO emissions from Big Brown, Martin Lake, and Mon-
ticello underestimated CO emissions from these EGUs by
more than a factor of 20, assuming the emissions measured
from the aircraft during TexAQS 2000 were representative



Figure 11. A comparison of CO/CO2 ratios from both TexAQS study years. Each bar represents a sep-
arate plume transect. The inventory ratios represent annual CO/NOx ratios reported to TCEQ multiplied
by hourly NOx/CO2 CEMS ratios.



Table 4. Aircraft‐Derived and Inventory‐Tabulated CO/CO2



Emission Ratios



Source
2000a Derived ÷



Tabulated
2000b Derived ÷



Tabulated
2006c Derived ÷



Tabulated



Martin Lake 29 33 1.5
Monticello 34 32 0.81
Big Brown 22 26 1.3



aFrom Nicks et al. [2003] using 1999 inventories.
bEmissions obtained from EPA and TCEQ inventories for 2000.
cEmissions obtained from EPA and TCEQ inventories for 2006.
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of normal operating conditions. Using 2000 TCEQ invento-
ries not available at the time to Nicks et al. [2003] (it typi-
cally takes a few years to finalize EPA and TCEQ emission
inventories), we reach a similar result (see Table 4). By
2006, the CO emissions inventory was in substantially better
agreement with aircraft measurements, and the CEMS esti-
mated hourly CO/CO2 emission ratios are now at least
within a factor of 2 of the ratios derived from airborne data
(Figure 11). The most significant change between TexAQS
2000 and 2006 in this regard was that in the early part of the
decade, TXU/Luminant plants (Big Brown, Monticello, and
Martin Lake) began measuring CO in situ via CEMS moni-
tors rather than using EPA AP‐42 emissions factors to cal-
culate CO emissions (Randy Hamilton, TCEQ; personal
communication, 1 July 2009). Therefore, we conclude the
tabulated CO emissions from the 1999 and 2000 point source
emissions inventories, calculated using AP‐42 emission fac-
tors, substantially underrepresented actual CO emissions from
the TXU/Luminant plants, consistent with the conclusions
in the work of Nicks et al. [2003].
[29] For Welsh and W. A. Parish power plants, annual



inventory CO emissions appear to be relatively accurate.
Welsh appears to be a consistent emitter of CO, and the
inventory values typically disagree by a factor of 2 or 3, but
this could be explained by any error in our assumption that
CO is coemitted with NOx at a constant rate. CO emissions
from W. A. Parish may have been underreported in 2000,
but because they were highly variable and our sample size
was small, it is difficult to draw any quantitative conclu-
sions. W. A. Parish CO emissions do appear to be lower
in 2006, however. W. A. Parish has been omitted from
Figure 11 because the discrepancies between aircraft mea-
surements and the TCEQ inventory do not appear to be
systematic.



4.5. Emissions From Separate Stacks



[30] The EGUs studied here generally have one or two
stacks within close proximity and at identical heights. The
one exception is W. A. Parish, which has eight combustion



units with 11 stacks at four different heights, ranging from
51 to 183 m AGL, separated by as much as 1 km. One or
two stacks serve a combustion unit burning either coal or
natural gas, with distinct NOx/CO2 and SO2/CO2 emission
ratios characteristic of each fuel type. Figure 6 shows the
hourly total NOx/CO2 emission ratio from W. A. Parish. The
first increase in this emission ratio during the night of
26 September is due to an increase from ∼0.25 to ∼0.60 ppbv/
ppmv in NOx/CO2 from coal burning unit 5 (referred to as
WAP5 in the CEMS inventory), likely due to its SCR NOx



scrubber failing or having been turned off for maintenance.
The second increase during 27 September is due to the
operation of gas units (which were not in operation during
26 September, according to the CEMS inventory), charac-
terized by a higher NOx/CO2 emission ratio than the coal
units. In the following section, we exploit periods of limited
vertical atmospheric mixing to assess CEMS accuracy for a
subset of stacks at an EGU with multiple stacks.
[31] On 5 October 2006, a cloudy day with broken



cumulus clouds, the P‐3 made two transects of the W. A.
Parish plume: the first was 1.7 km (and approximately
8 min) downwind, and the second was 2.8 km (and
approximately 20 min) downwind. Both transects were
evidently dominated by the gas unit emissions, because the
DNOy/DCO2 ratio was much higher (see Figure 12) and the
DSO2/DCO2 ratio was much lower than observed on other
days. According to the CEMS data for the second transect,
unit 3 was the only unit with a NOx/CO2 emission ratio
higher than that observed from the aircraft data, which
suggests the plume sampled by the aircraft was specifically
dominated by emissions from unit 3. For comparison, two
plume transects from 6 October, a day with few clouds, are
also shown in Figure 12. The two 6 October transects were
1.9 km (and approximately 11 min) and 2.7 km (and
approximately 13 min) downwind, respectively, with tran-
sect altitudes and wind speeds similar to that of 5 October.
Therefore, it was likely that the clouds on 5 October, by
limiting solar radiation‐driven convection, prevented the
W. A. Parish emissions from fully mixing in the vertical



Figure 12. DNOy/DCO2 ratios from four P‐3 transects of the W. A. Parish plume, all less than 3 km
downwind of the power plant, plotted with hourly CEMS emission data.
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before the P‐3 sampled the plume. Rather than estimating the
degree to which the W. A. Parish plume had been mixed on
this day, the two 5 October transects have been omitted from
our overall analysis of emission ratios. However, for the
second of the two 5 October transects, the DCO/DCO2



emission ratio was 4.23 (±0.21) ppbv/ppmv, by far the
highest CO emission rate measured fromW. A. Parish by the
P‐3 in 2006 (see Table 3 for comparison). This is further
evidence that the gas‐fired units may be responsible for a
large share of the CO emissions from W. A. Parish, as pre-
viously suggested by Nicks et al. [2003].
[32] Similarly, during the 8 October 2006 flight, the first



plume transect 12 km (35 min) downwind of W. A. Parish
occurred just after sunset and suggested the emissions had
not completely mixed (Figure 13). The first part of the
plume (labeled “1” in Figure 13) showed an SO2 enhance-
ment with a relatively small NOx enhancement; the second
part (labeled “2” in Figure 13) showed a large NOx



enhancement and no detectable SO2 enhancement. The two
parts of the plume were analyzed separately, and the emis-
sion ratios suggest the first part of the plume was dominated
by emission from the coal stacks and the second part was
dominated by the gas stacks (Figure 14). Further, the plume
locations are qualitatively consistent with the relative loca-
tion of the stacks at W. A. Parish. As the aircraft flew
northwestward with winds from the northeast, it first
encountered the emissions from the coal‐burning stacks,
which are located to the south of the gas‐burning stacks. All
ratios in Figure 14 agree to within the combined un-
certainties of the aircraft and CEMS measurements. This
suggests no bias in CEMS measurements from the gas
versus the coal stacks at W. A. Parish. While the qualitative
analysis is compelling, rather than estimating which stack’s
emissions were sampled by the P‐3, these transects were
omitted from the overall quantitative analysis.



4.6. Direct Emissions of NO2



[33] NOx emissions from an EGU are generally expected
to be emitted primarily as NO, though there may be small
direct emissions of NO2. The ratio in which NO and NO2



are emitted is important for understanding ozone production,
because NO emissions titrate O3 near the source and must be
oxidized to NO2 by a species other than O3 (e.g., peroxy
radicals derived from volatile organic compound oxidation)
before net ozone production can occur. Direct emissions of
NO2, on the other hand, act as a direct source of ozone via
photolysis. For this reason, many studies have been con-
ducted to measure the NO2/NOx ratio from gasoline and
diesel automobile engines [e.g., see Carslaw and Beevers,
2004]. These studies typically ratio an enhancement in
total oxidant, or odd oxygen (Ox = NO2 + O3), to an
enhancement in NOx and are conducted during the daytime
very near the NOx source before ozone production or further
NOx oxidation can take place. These studies focus on the
following set of reactions:



NOþ O3 ! NO2 þ O2; ð2Þ



NO2 þ h� ! NOþ O; ð3Þ



Oþ O2 þM ! O3 þM: ð4Þ



Thus, during the daytime, the odd oxygen atom emitted in
NO2 is later found in either NO2 or O3. However, when NOx



is emitted at night, we may ignore odd oxygen production
via subsequent ozone photochemistry, which makes it sim-
pler to quantify odd oxygen downwind of a NOx‐emitting



Figure 13. P‐3 transect of W. A. Parish plume, 8 October 2006, showing physical separation of coal and
gas unit emissions under conditions of reduced atmospheric mixing. The results of a separate analysis of
each part of the plume, 1 and 2, are shown in Figure 14.
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point source. At night, NOx may undergo the following
additional reactions:



NO2 þ O3 ! NO3 þ O2; ð5Þ



NO2 þ NO3 þM $ N2O5 þM; ð6Þ



NO3 þ NO ! 2NO2; ð7Þ



N2O5 þ H2O ! 2HNO3: ð8Þ



Thus, before N2O5 is lost to nitric acid (equation (8)), the
nocturnal odd oxygen budget is



OxðnocturnalÞ ¼ O3 þ NO2 þ 2NO3 þ 3N2O5; ð9Þ



where the stoichiometric coefficients represent the number
of odd oxygen atoms present in the molecule [Brown et al.,
2006]. Using this definition of nocturnal Ox, we attempt to
quantify the NO2 directly emitted from one EGU during a
nighttime flight.
[34] On the night of 10 October 2006, several transects



were flown downwind of Oklaunion Power Plant, a coal‐
burning EGU with one stack. All plume transects occurred
after dark, and most of the emissions encountered were
transported downwind at times when j values were essen-
tially zero. To ensure minimal Ox loss via NO3 and N2O5



loss in the presence of aerosols [Dentener and Crutzen,
1993], we examine six transects which had both a signifi-
cant (>15 ppbv) NO enhancement and a NOx/NOy ratio
greater than 90%. The presence of NO in these plumes
limits the further, nighttime oxidation of NOx by rapidly



converting NO3 back to NOx (equation (7)). These transects
range from 18 to 60 km downwind of Oklaunion, with
transport times ranging from 36 (±5) min to 2.0 (±0.25) h.
The ratio of NO2 to NOx at the stack is deduced from the
aircraft measurements as an enhancement in Ox,



NO2



NOx



� �
stack



¼ DOx



DNOx



¼ DO3 þDNO2 þ 2DNO3 þ 3DN2O5



DNOþDNO2 þDNO3 þ 2DN2O5



� �
aircraft



;



ð10Þ



where the numerator of the aircraft ratio represents the sum
of odd oxygen species and the denominator represents the
sum of NOx and its nocturnal oxidation products. The air-
craft ratio accounts for the nighttime conversion of NO to
NO2 by reaction with O3 during transport, the conversion of
NO and NO2 to NO3 and N2O5, and the conversion of NO3



and N2O5 to NO2 in a high‐NO environment. In the near‐
field plume transects we examined, the presence of NO in
the plume prevented NO3 from rising significantly above
background levels and prevented N2O5 from rising above
0.5 ppbv on the fringes of the plume. This in turn delayed
the heterogeneous production of HNO3, previously shown
to have been a slow process during TexAQS 2006 [Brown et
al., 2009] and confirmed by HNO3 measurements in these
plumes. Also, measurements of PANs show these species
did not play significant roles in the odd oxygen budget for
near‐field nighttime data, so these species have been omitted
from our analysis. Again due to different instrument time
responses, integrated plume areas were used to calculate
the emission ratio. The results are presented in Figure 15.
NO2/NOx ratios calculated using NO2 data from the P‐CL
NO2 instrument average 6.1% (±3.9%). Ratios calculated



Figure 14. (a) NOx/CO2 and (b) SO2/CO2 emission ratios determined from separately analyzing the first
and second parts of the plume data in Figure 13, compared with CEMS‐derived emission ratios. The
dotted lines in Figure 14b represent a 14% uncertainty in the SO2/CO2 ratio for the combined W. A.
Parish coal units.
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using NO2 data from the CaRDS NO2 instrument average
6.7% (±2.7%). For comparison, an ODR slope calculation of
[DO3 + DNO2 (CaRDS)]/DNOy yielded an average ratio of
6.8% (±3.8%). The blue trace in Figure 15 shows j(NO2), a
measure of potential daytime odd oxygen formation, esti-
mated at Oklaunion Power Plant’s location based on clear‐
sky j(NO2) data measured from the P‐3 at sunset during
TexAQS 2006. The time‐integrated j(NO2), equivalent to
less than 2 min of noontime insolation, suggests odd oxygen
formation in these plumes was minimal for the two transects
that had been emitted before full sunset.



5. Conclusions



[35] Measurements of DNOy/DCO2 and DSO2/DCO2



emission ratios made aboard aircraft agree quantitatively
with data from EGU power plant CEMS for both 2000 and
2006 TexAQS study years. NOx/CO2 ratios agree to within
±11%; SO2/CO2 ratios agreed to within ±12%. This is an
independent confirmation using a top‐down approach that
emissions ratio data provided through CEMS are accurate to
within their specified accuracy of ±14%.
[36] Further, from the aircraft data we confirm that W. A.



Parish has decreased its NOx emissions by about 80% in
accordance with the CEMS emission inventory data between
2000 and 2006 as a result of installing SCR scrubbers after
2000. Aircraft data also suggest that the current TCEQ
inventories of CO emissions are more accurate than inven-
tories of CO emissions from 1999 and 2000 for the point
sources studied here, a direct result of implementing CO
CEMSmeasurements rather than using calculations based on
AP‐42 estimates of CO emissions factors.
[37] Finally, we have shown using two separate NO2



measurement techniques that NO2/NOx emission ratios from
Oklaunion EGU sampled on one night were approximately



6%. We plan to continue to evaluate NO2 direct emissions in
future field missions using recently improved NO2 mea-
surements (I. B. Pollack et al., manuscript in preparation,
2010) [Fuchs et al., 2009].
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Eventually, and by the time we are ready to take initial action on the application, I think they will
concur on Tier 3 for the coal units and maybe for the kiln.
 
David and I will be in your area this Friday morning.
 
If you or Tom are available, we can discuss this matter in greater details.
 
Thanks.
 
Al Linero.


Please take a few minutes to share your comments on the service you received from the department
by clicking on this link DEP Customer Survey.



http://survey.dep.state.fl.us/?refemail=Alvaro.Linero@dep.state.fl.us






From: Linero, Alvaro
To: "Hlaing, D. Nay"
Cc: Worley, Jay A. - Director, Environmental Programs
Subject: RE: Instack NOx Ratio
Date: Thursday, July 25, 2013 10:43:34 AM


Thanks Nay.
 
I had checked out that site and found nothing on the coal units.
 
I’m also checking with TVA and a few operators in Florida.
 
Thanks for checking with CEMS experts.
 
The instruments directly measure the NO in the gas.
 
The sample then runs through a catalyst within the instrument which converts NO2 to NO and then
NO is measured again.
 
The final NO measurement is called NOx.
 
The NOx when reported as mass is given as NO2 equivalent.
 
I can do without direct NO2 measurement if I just have initial NO and final NO.
 
From that I can infer the ratio I need.
 
I’ll be happy to speak with one of your CEMS people directly if O.K. with you.
 
Thanks again.
 
Al.
 
A. A. Linero, P.E.
Florida Department of Environmental Protection
Office of Permitting and Compliance
850-717-9076
 


Please take a few minutes to share your comments on the service you received from the department
by clicking on this link DEP Customer Survey.
From: Hlaing, D. Nay [mailto:hlaidn@jea.com] 
Sent: Thursday, July 25, 2013 10:34 AM
To: Linero, Alvaro
Cc: Worley, Jay A. - Director, Environmental Programs
Subject: Instack NOx Ratio
 



mailto:/O=FLORIDADEP/OU=FIRST ADMINISTRATIVE GROUP/CN=RECIPIENTS/CN=LINERO_A

mailto:hlaidn@jea.com

mailto:WorlJA@jea.com

http://survey.dep.state.fl.us/?refemail=Alvaro.Linero@dep.state.fl.us





Al:
 
Here is the link to the EPA database on NO2/NOx in-stack ratio data.
http://www.epa.gov/scram001/no2_isr_database.htm
 
I could not find any data yet, but have asked our CEMS folks to see if they can extract a small sample
of raw data for our units at NGS and SJRPP.  This week and possibly next week, they will be quite
busy preparing the EDR reports, but will look into it after the reports are out.  I will let you know
what I find out.
 
Regards,
 
 
Daniel (Nay) Hlaing, P.E. | Environmental Engineer | JEA          
21 West Church St., Jacksonville, FL 32202-3139          
Tel: (904) 665-6247 | Cell: (904) 535-3519 | Fax: (904) 665-7376
Email: hlaidn@jea.com
 
If you are not the intended recipient, please notify the sender and delete all copies.


 
 
-----------------------------------------------------------------
Florida has a very broad Public Records Law. Virtually all 
written communications to or from State and Local Officials and 
employees are public records available to the public and media 
upon request. JEA does not differentiate between personal and 
business e-mails. E-mail sent on the JEA system will be 
considered public and will only be withheld from disclosure if 
deemed confidential pursuant to State Law. Under Florida law, e-
mail addresses are public records. If you do not want your e-
mail address released in response to a public-records request, 
do not send electronic mail to this entity. Instead, contact JEA 
by phone or in writing.



http://www.epa.gov/scram001/no2_isr_database.htm

mailto:hlaidn@jea.com






From: John Shrock
To: Read, David
Cc: Linero, Alvaro
Subject: RE: Jacksonville NO2 Ambient Data
Date: Wednesday, July 24, 2013 10:36:44 AM
Attachments: image001.png


David:
 


I should have said the average of the 98th percentile of the max daily over 3 years. I would like to
propose using the 2010 through 2012 average, since that reflects the most recent trend in the data,
and it is what we would use if we were to have a single background value.
 


Year 98th Percentile of
Daily Maximum 1-hr values


3-year Average of


Daily Maximum 98th Percentile Values
2006 48.0 -
2007 43.0 -
2008 42.0 44.3
2009 38.0 41.0
2010 44.0 41.3
2011 39.0 40.3
2012 37.0 40.0


 
I got the values from the EPA AIRS website.
 
John
 


From: Read, David [mailto:David.Read@dep.state.fl.us] 
Sent: Wednesday, July 24, 2013 8:24 AM
To: 'jshrock@ectinc.com'
Cc: Linero, Alvaro
Subject: RE: Jacksonville NO2 Ambient Data
 
John below is how my analysis of the data worked out.  The value you are interested in is
highlighted
 


Yr 98 (%) 3 yr Avg (98th %)
2006 34.00 32.00
2007 31.00 30.00
2008 31.00 30.67
2009 28.00
2010 33.00


 
 
David Lyle Read, P.E.
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Florida Department of Environmental Protection
Division of Air Resource Management
Permitting & Compliance Section
850-717-9075
David.Read@dep.state.fl.us
 
 


From: John Shrock [mailto:jshrock@ectinc.com] 
Sent: Wednesday, July 24, 2013 7:56 AM
To: Read, David
Subject: RE: Jacksonville NO2 Ambient Data
 
David:
 


Thanks for the data. I plan on using the average of the 98th percentile over the most recent 3 years
as the default to fill in missing data, since this is what would be used for background anyway.
 
John
 


From: Read, David [mailto:David.Read@dep.state.fl.us] 
Sent: Tuesday, July 23, 2013 2:46 PM
To: jshrock@ectinc.com
Subject: Jacksonville NO2 Ambient Data
 
John an Excel spreadsheet with the NO2 data you requested is attached.
 
David Lyle Read, P.E.


Florida Department of Environmental Protection
Division of Air Resource Management
Permitting & Compliance Section
850-717-9075
David.Read@dep.state.fl.us
 
 


Please take a few minutes to share your comments on the service you received from the department
by clicking on this link. DEP Customer Survey.
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From: Linero, Alvaro
To: "Jackie Padgett"
Subject: RE: Status of Jax Lime Project
Date: Wednesday, May 15, 2013 9:00:02 AM


Thank you.
 
We look forward to your submittal!
 
Al.
 
A. A. Linero, P.E.
Florida Department of Environmental Protection
Office of Permitting and Compliance
850-717-9076
 


From: Jackie Padgett [mailto:Jackie.Padgett@carmeusena.com] 
Sent: Wednesday, May 15, 2013 8:56 AM
To: Linero, Alvaro
Cc: jshrock@ectinc.com
Subject: RE: Status of Jax Lime Project
 
Hi Al,
Thanks for checking in.  The engineers have finalized the design and we anticipate the drawings and
equipment information any day now.  I am hopeful that we will be in a position to submit the PSD
permit application sometime during the month of June.  We’ll keep you posted.
 
Thanks.
 
…….…….………


Jackie PADGETT
Regional Environmental Manager 
 
Carmeuse Lime & Stone
Phone: 205.664.7129 
Cell:  205.612.6770


NATURAL SOLUTIONS  
 


From: Linero, Alvaro [mailto:Alvaro.Linero@dep.state.fl.us] 
Sent: Wednesday, May 15, 2013 7:05 AM
To: Jackie Padgett; jshrock@ectinc.com
Subject: Status of Jax Lime Project
 
Hi Jackie:
 
We met with you some time ago in Tallahassee.
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Saw more correspondence with EPA about the Jax project.
 
We were wondering if you plan to submit application to DEP anytime soon to complement the
application to EPA.
 
Thank you.
 
Al Linero.
 
A. A. Linero, P.E.
Florida Department of Environmental Protection
Office of Permitting and Compliance
850-717-9076
 


Please take a few minutes to share your comments on the service you received from the department
by clicking on this link DEP Customer Survey.
 
 
From: John Shrock [mailto:jshrock@ectinc.com] 
Sent: Tuesday, May 14, 2013 3:02 PM
To: 'hazziez.natasha@epa.gov'
Cc: 'fortin.kelly@epa.gov'; 'Jackie.Padgett@carmeusena.com'; 'wharrisco@aol.com';
'mtrammell@ectinc.com'; 'tdavis@ectinc.com'; Koerner, Jeff
Subject: Jacksonville Lime, LLC GHG PSD Application
 
Natasha:
 
The attached document contains Jacksonville Lime’s responses to your office’s April 17, 2013
request for additional information. If you have any questions concerning this submittal, please feel
free to contact any of the following by phone or email: Mr. William Harris (404-626-2990), Jackie
Padgett (205-612-6770), or myself (352-248-3346).
 
John
_________________________________________________________
 
 
 
 


This message is a PRIVATE communication. If you are not the intended recipient, please do
not read, copy, or use it, and do not disclose it to others.
Please notify the sender of the delivery error by replying to this message, and then delete it
from your system. The views expressed in the email message
do not necessarily represent the views of Carmeuse Lime & Stone. Thank you.


This communication contains confidential information. It is for exclusive use of the intended
recipient(s).
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If you are not the intended recipient(s), please note that any distribution, copying or use of
this communication is strictly prohibited.
If you have received this communication by error, please notify the sender immediately,
delete the material from any computer and destroy any copy of it.
 








From: Krivo, Stan
To: jshrock@ectinc.com
Cc: Read, David; Linero, Alvaro; "Jackie.Padgett@carmeusena.com"; "wharrisco@aol.com"; "tdavis@ectinc.com";


"mtrammell@ectinc.com"; Hazziez, Natasha
Subject: Review Comments - Supplemental Air Quality Dispersion Modeling Protocol (March 2013) and 8 August 2013


Email (Jacksonville Lime Tier 3 Modeling Protocol)
Date: Wednesday, August 21, 2013 7:09:38 AM


John,
 
The following are my review comments on the above indicated supplemental air quality
modeling protocol to be used in support of a PSD permit application for the construction
and operation of the lime manufacturing facility in Jacksonville, FL. 
 
I have also reviewed your 8 August 2013 email providing additional Tier 3 modeling protocol
items.  Some of the procedures and information in this email conflict with those provided in
the March 2013 Supplemental Air Quality Dispersion Modeling Protocol.  Review comments
on the 8 August email are provided separately in Attachment 1 to this email.
 
Non-Default Tier 3 NO2 Modeling Procedures
 
This supplemental protocol includes the use of the non-default Tier 3 Ozone Limiting
Method (OLM) for the assessment of NO2 impacts.  The following addresses the required
information needed for approval of the alternate, non-default, detailed Tier 3 screening
modeling technique for use in the nitrogen dioxide (NO2) impact assessments.
 
Required Justification – The basis for EPA approval of a Tier 3 procedure is provided in the
Tyler Fox clarification memoranda: Additional Clarification Regarding Application of
Appendix W Modeling Guidance for the 1-hour NO2 National Ambient Air Quality Standard
(March 1, 2011), and Applicability of Appendix W Guidance for the 1-hour NO2 National
Ambient Air Quality Standard (June 28, 2010).  The content required for case-by-case
approval of a Tier 3 non-regulatory default option, and any other non-regulatory option, are
provided in 40 CFR 51 Appendix W Guideline on Air Quality Models (GAQM).  The Tyler
Fox memorandum noted that items i and iv of Appendix W, Section 3.2.2, paragraph (e) may
be fulfilled by existing demonstrations and documentation.  The applicability of the Tier 3
procedures to the project, the availability of needed data bases to perform the analyses, and
the methods and procedures to be used in the application of the proposed Tier 3 technique
are project specific and need to be provided.  The appropriate and representative data bases
required for approval include in-stack NO2/NOx ratios, monitored background
concentrations, and ambient ozone concentrations.  The methods used to develop these data
bases (e.g., data completeness, data replacement, etc.) and the proposed temporal/spatial
application procedures are also important considerations. 
 
Specific Tier 3 Procedure – The March 2013 protocol indicates the OLM Tier 3 procedure is
proposed for this application.
 
NO2/NOx In-Stack Ratios – The following comments are associated with the proposed
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NO2/NOx in-stack ratio to be used in the application of the Tier 3 technique for the NO2
compliance modeling.
- The protocol indicates the modeling approach will follow guidance provided in the GAQM
and the clarification memoranda.  Therefore, in the absence of more appropriate, source-
specific information on particular in-stack NO2/NOx ratio, the 1 March 2011 memorandum
default in-stack ratio of 0.50 should be used.
- An in-stack ratio of 0.14 is proposed for the lime kilns.  This value is based on stack test
data of similar lime kilns provided in Appendix C.  Appendix C just contains a list of ratios
associated with apparent test runs 1-4.  Because information on the stack tests are not
available to allow evaluation of the appropriateness of these ratios for the Jacksonville lime
kilns (e.g., type of kilns, load and run conditions during tests, appropriateness of the test
results to other ambient conditions, etc.), recent separate emission tests were performed to
verify and substantiate the proposed ratio.  Documentation of these substantiating engineering
tests was provided in the Entec Services, Inc. 4 April 2013 report prepared for Carmeuse
Lime and Stone Company.   
- The proposed use of the average of all in-stack NO2/NOx ratios reported in the Technology
Network SCRAM database for all offsite emission sources included in the cumulative
NAAQS compliance modeling is not appropriate.  This database contains reported, but
unconfirmed, in-stack ratios for many different emission units.  Specific information on the
emission units (e.g., manufacturer, power rating, type of control, etc.) are provided for each
entry to allow evaluation of the similarity of an entry to a particular application.  The use of
an in-stack ratio derived from “the average of an average plus two standard deviations of the
in-stack ratios for both the boilers and combustion turbines, as well as doubling the reported
average in the JBR studies” is not a source-specific assessment for a particular application.
The default in-stack ratio should be used when an appropriate source-specific ratio is not
available.
 
Ozone Measurements – The following comments are associated with the proposed ozone
database for use with the Tier 3 technique.
- Ozone measurements from the nearest ozone monitor have been proposed.  The nearest
monitoring station is within 1 mile of Jacksonville Lime at the Durval County Sheffield
Elementary School. 
- The proposed missing data replacement procedure is linear interpolation from hours about
the gaps of 3 or fewer observations, and data from the previous or the following day for gaps
of 4 hours or more missing observations.  The number and lengths of gaps, time of day they
occur, and time of year all contribute to the appropriateness of a proposed missing data
procedure.  A summary of this information should be provided to allow evaluation of the
appropriateness of proposed replacement procedure [Note: The characteristics of the missing
data gaps and an alternate replacement procedure are provided in the 8 August 2013 email –
see Attachment 1.]
 
Background NO2 Concentrations – The following comments are associated with the proposed
background monitoring NO2 data that will be used in the cumulative 1-hour NO2 NAAQS
compliance assessment.
- The nearest NOx monitoring station (i.e., within 1 mile: Durval County Sheffield
Elementary School) was selected for use for the Jacksonville Line facility.  
- The data characteristics for the selected period of 2006 to 2010 should be provided (e.g.,
completeness percentage, description of missing data, etc.).  This information is important in
the evaluation of the appropriateness of this data record for this application.







- The proposed procedure of using the 98th percentile of the daily maximum 1-hour NO2
value averaged over 3-years (2009-2011) is appropriate and will be the basis for approval of
the Tier 3 procedure.
- Temporal pairing of the NO2 background observations is not an approved procedure. 
Additional information and justification will be needed if temporal pairing of NO2
background observations are proposed.
 
General (Non-Tier 3) Air Dispersion Modeling Procedures
 
The following comments are associated with proposed air quality modeling procedures not
applicable to approval of the non-default Tier 3 method for NO2.
 
Exemption of 2 Gas-fired Emergency Generators – The basis for the excluding the 2 gas-
fired generators should be provided.  The anticipated routine maintenance operation should
be provided as well as the emission rates to demonstrate their operations will not affect the
design concentration or compliance assessment.


 
PSD Emission Sources – Because NOx is a precursory for both ozone and PM2.5, the
modeling protocol should explain why these pollutants have not been considered.


 
Inventory of Other Emission Sources – The following comments are associated with the
proposed inventory of other emissions sources used in the cumulative compliance modeling.
- The protocol appears to only address the NOx inventory for the 1-hour standard.  The
inventory for the annual standard as well as PSD increment assessment should be included in
the protocol.
- The protocol should address how the appropriate NOx or NO2 emission rates will be
obtained to address each ambient standard (e.g., 1-hour and annual NO2 standards).
- The protocol indicates the significant impact area is a circle of 9 km radius from the
proposed project.  The air quality modeling provided in support of the PSD permit application
should include the modeled input parameters and SIA modeling results.
- The reason only major (i.e., 100 TPY NOx) sources, rather than all NOx emissions sources,
are included in the modeled inventory of other sources within the SIA should be provided.
- NOx emission sources beyond the SIA were indicated to be included if expected to
contribute significantly.  More specific information is needed on the procedure used to
determine significant impact and at what locations (e.g., the SIA).
- To allow evaluation of the selection process the PSD application should include the final
modeled inventory of other emission sources as well as the unedited emission source
inventory from which the modeled sources were selected. 
 
Please let me know if you have any questions.
 
 


ATTACHEMENT 1
 


Review of 8 August 2013 Email
Jacksonville Lime Tier 3 Modeling Protocol


 







The following provides review comments on the 8 August 2013 email containing additional
information on the Jacksonville Lime’s request for approval of the non-default Tier 3 Ozone
Limiting Method (OLM) for the assessment of NO2 impacts.  This email contains some


procedures conflicting with those proposed in the March 2013 Supplemental Air Quality
Dispersion Modeling Protocol.
 
Ozone Background – The following comments are associated with the proposed procedures
to provide a complete record of ozone measurements for temporal pairing for the OLM Tier
3 procedure.
- The 8 August 2013 email appears to change the missing data replacement procedure.  All
missing ozone values were proposed to be replaced uniformly with the 5-year average of
the maximum monitored concentration (i.e., 94 ppb). 
-  The characteristics of the missing data gaps are provided.  Because missing gaps of 4 or
more values include many periods in excess of 8 missing values, the previously proposed
procedure of using prior or following day’s measurements is not appropriate.
- The years 2006 - 2008 have the largest annual missing data periods as well as the highest
measured ozone levels.  Therefore the use of the 5-year average maximum concentration to
replace all missing observations does not appear appropriate.  The following are suggested
alternate procedures that appear more appropriate:


- Use each year’s maximum measured value to replace all missing values in that year.
- Use each year’s maximum measured seasonal or monthly concentration as
replacement value for the applicable matching missing measurements.
- For each year develop seasonal or monthly diurnal distribution of maximum
measured values from which replace values matching the missing hours can be
obtained for the appropriate season or month.


 
NO2 Hourly Background Values - The following comments are associated with the proposed


procedures to provide a complete record of NO2 measurements.


- The March 2013 protocol indicates the 5-year (i.e., 2006-2010) design value will be used as
the background NO2 concentration.  Because a single background value will be used, a


complete hourly data record is not needed for the NO2 background measurements.


 
NO2/NOx Ratios - The following comments are associated with the proposed NO2/NOx


ratios for the Tier 3 procedure.
- The March 2013 modeling protocol proposed the use of an average of the maximum 
NO2/NOx ratio stack test runs (i.e.,  0.14) for the project kilns.  The use of the smaller overall


average NO2/NOx ratio of 0.05 is not appropriate without more specific matching of stack


tests to planned kiln performance parameters.
- The NO2/NOx ratios referenced in the 2010 Journal of Geophysical Research paper “A top-


down analysis of emissions from selected Texas power plants during TexAQS 2000 and







20006” has not been demonstrated appropriate for the coal-fired boilers at the Jacksonville
Electric Authority facility.  This reference does not provide any additional source-specific in-
stack ratio information applicable for the Jacksonville Electric Authority boilers.  Therefore,
the March 2013 protocol procedure of using the 0.5 default NO2/NOx ratio is appropriate.


 
Inventory of Offsite Sources – The information provided in this email do not change the
March 2013 proposed procedures.  Therefore, the review comments provided on March
2013 Supplemental Air Quality Dispersion Modeling Protocol are applicable to the inventory
of offsite sources provided in this email.


 
 
For the Tier 3 modeling procedure approval, the items associated with the proposed
NO2/NOx ratios, the ozone data replacement procedures, and the NO2 background


measurements must be resolved.  The other general modeling procedures and inventory
items are important to the ambient air quality modeling assessment supporting the PSD
permit application but not the application of the NO2 Tier 3 modeling procedure.


 
A conference call to clarify and discuss these items may help expedite resolution. 
Thanks…sjk
 
Stanley J. Krivo
U.S. Environmental Protection Agency
Atlanta Federal Center, 61 Forsyth Street, SW
Atlanta, GA 30303
404/562-9123 (Phone)        404/562-9091 (Fax)
 
 
 
 
 
 





