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1. Introduction

The MOtor Vehicle Emission Simulator (MOVES) was developed as part of OTAQ's comprehensive
approach to address the impacts of light- and heavy-duty vehicles on air quality and publichealth.
MOVES is OTAQ's current emission modeling system, capable of estimating emissions forabroad range
of pollutants from on-road cars, trucks & motorcycles at multiple analysis scales, including the impact on
air quality of light duty vehicle (LDV) fleet evaporative emissions. Future versions of MOVES will add
various enhancements to this model, including the abilityto simulate emissions from non-highway
mobile sources.

As part of the development of the next release version, MOVES2013, EPA is preparing five
reports/analyses documenting the results of various inquiries into the nature of fuels, vehicle exhaust

and evaporative emissions on air quality. Thesereports detailhow EPA intends to update MOVES’ ability
to model policy outcomes from proposed changes in the understanding of the US vehicle fleet and to
help mitigate any adverse air quality impacts associated with future motorvehiclefuels.

This documentreports the findings of an external peerreviewof all or part of five reports:

m  Modelling Effects of Fuel Properties in the Motor Vehicle Emissions Simulator (MOVES2014)
B TOGand PM Speciationin MOVES for Air-Quality Modeling
m  PMSpeciation Appendix

m  Developmentof Emission Rates for Light-duty Vehicles in the Motor Vehicle Emissions Simulator
(MOVES2014)

B Estimation of Air-Toxic Emissions from Highway Vehicles in the Motor Vehicle Emissions Simulator
(MOVES 2014)

These are referredto here collectivelyas the MOVES2013 Fuel Effects, Toxics Emissions, Total Organic
Gases (TOG) and Particulate Matter (PM) Speciation Analysis Reports.

This peerreview was conducted from July 2013 to September 2013 according to EPA’s Peer Review
Handbook, Third Edition. These guidelines specify that all highly significant scientificand technical work
products shall undergoindependent peerreview perspecificagency protocolsto assure the use of the
highest quality science inits predictive assessments and assure stakeholders that each analysis/study
has been conductedinarigorous, appropriate, and defensible way.

This document contains the conclusions of each peerreviewer on each documentincludedinthe
review, by charge question. Supporting documentation collected fromthe reviewers, including their
curriculumvitae (CV) and conflict of interest (COIl) statements, is also provided in Appendix A and
Appendix B. The Task 3: Peer Review Process Reportdescribesthe processtoselectreviewersand
administerthe peerreview. Atthe conclusion of the review, ICF collected all peer review comments and
coverlettersinorderto provide themto EPA, unedited. The following materials are included in this
report.
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1. ReviewerResponsesto Charge Questions (Section 4)

2. ReviewerSupporting Documentation (AppendixA and AppendixB):
a. ReviewerDelivery Email (i.e., Cover Letter)
b. ReviewerCV

c. ReviewerCOlStatement
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2. Peer Review Process

Full documentation of the processto selectreviewers and administerthe peerreviewisincludedinthe
Task 3: PeerReview Process Report. This section summarizes the process thatresultedinthe selection
of Dr. Tom Durbin and Dr. Allen Robinson to review the Fuel Effects, Toxics Emissions, Total Organic
Gases (TOG) and Particulate Matter (PM) Speciation Analysis Reports.

2.1. Reviewer Selection

ICF identified a pool of independent subject matter experts to conduct this review. Initial contact to
each reviewer confirmed the potential reviewer’s expertise in the field, their ability to perform the work
duringthe period of performance, any association with whom they have worked that might preclude
themfrom beingan independentand objectivereviewer, their hourly billing rate, and to confirm their
contact information. A curriculum vitae orresume for each peerreview candidate that expressed
interestand availability was also collected. This list was submitted to EPA for approval and revisions, as
necessary. Multipleiterations were made to the list of selected reviewers before a set of available,
conflict free reviewers forthe Evaporative Report were agreed upon. The final pool of potential
candidates was contacted via e-mail and phone. Additionally, afinal peerreview selection memo was
delivered to EPA.

2.2. Administration and Completion of the Peer Reviews

Following acceptance of reviewers by EPA and by reviewers to participate, the review was administered
accordingto the below process:

m A charge for each report was drafted with instructions to provide clearand detailed comments that
distinguish between recommendations forimprovements and, if appropriate, what conclusions
could be drawn from the report and/or subsequent model predictions

B Electronicdistribution of the reviewmaterial, including the report charges,

m Foreachreport, a teleconference was arranged between the selected peerreviewers, the EPA
WAM, EPA-identified relevant project-related staff, and ICF staff. The purpose of these calls was to
clarify any questions the reviewers had regarding the reviewmaterial. EPA’s purpose on the call was
to provide technical and/orbackground supporton the particularreport oranalysisunderreview, as
needed,

m  Anytechnical reviewer questions were facilitated through ICF to EPA, and
m  Adeadlineforsubmission of materials.

Dr. Durbin metthe submission deadlineand his review was submitted to EPA on the 9/30/13 contract
end date. Dr. Robinson delayed his submission by several months. This report was eventually collected
(during the period of performance of WA2-14) and provided to EPA upon receipt of his review and
reauthorization for ICF to proceed with work under this contract. Theirfull set of review comments,
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alongwith theircoverletters, CVs, and Conflict of Interest statements, were gathered and provided to
EPA unedited.

Additionally, atechnical report documentingthe peerreview process foreach report was assembled to
conclude each review. Finally, all contracting and paymentissues with each reviewer were managed by
ICF to ensure prompt payment of each reviewer fortheirservices.

2.3. Difficulties Encountered

No notable difficulties were encountered in review of the Fuel Effects Report, otherthan Dr. Robinson’s
delay in submitting his material.

2.4. Supporting Documentation

Supporting documentation collected from the reviewers and outreach material to Dr. Durbin and Dr.
Robinsonis capturedin Appendices Aand B. Thisincludesthe reviewers’ coverletters, conflict of
interest statements, and CVs.
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3. Charge Questions and Scope of the Peer Review

The peerreviewers wereasked to review the MOVES 2013 Fuel Effects, Toxics Emissions, Total Organic
Gases (TOG) and Particulate Matter (PM) Speciation Analysis Reports. These reports consisted of several
documents, summarized below in Table 1.

Table 1. Documents Reviewed for the Peer Review of the Fuel Effects, Toxics Emissions, Total Organic
Gases (TOG) and Particulate Matter (PM) Speciation Analysis Reports

Chapter GasolineFuel Effects for Vehicles Certified to Tier-2 Standards, IN: Modelling Effects of Fuel
Properties in the Motor Vehicle Emissions Simulator (MOVES2014)

Chapter MOVES2014 Sulfateand Sulfur Dioxide Emissions Calculator, IN: Modelling Effects of Fuel
Properties in the Motor Vehicle Emissions Simulator (MOVES2014)

Chapter Calculating the Effects of Gasoline Sulfur on Exhaust Emissions, IN: Modelling Effects of Fuel
Properties in the Motor Vehicle Emissions Simulator (MOVES2014)

Report TOG and PM Speciation in MOVES for Air-Quality Modeling

Appendix PM2.5 Speciationin MOVES

Section 2.3 Estimating Elemental Carbon Fractions, IN: Development of Emission Rates for Light-duty

Vehicles in the Motor Vehicle Emissions Simulator (MOVES2014)

Section 2.5 Updates to PM2.5 Emission Rates in MOVES2014, IN: Development of Emission Rates for
Light-duty Vehicles in the Motor Vehicle Emissions Simulator (MOVES2014)

Sub-section 2.1.3.5 Computation of Elemental Carbon and Non-Elemental Carbon Emission Factors, IN:
Development of Emission Rates for Heavy-Duty Vehicles in the Motor Vehicle Emissions
Simulator (MOVES2014)

Report Estimation of Air-Toxic Emissions from Highway Vehicles in the Motor Vehicle Emissions

Simulator (MOVES 2014)

Responses were requested to five general questions and one catch-all question. Theseare repeated
below.

3.1. General Charge Questions

The general charge questions were as follows:

1. Doesthe presentation give adescription of selected datasources sufficientto allow the readerto
form a general view of the quantity, quality and representativeness of data used in the development
of emission rates? Are you able to recommend alternate data sources might betterallow the model
to estimate national orregional defaultvalues?

2. Isthedescription of analyticmethods and procedures clear and detailed enough to allow the reader
to develop an adequate understanding of the steps taken and assumptions made by EPA to develop
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the model inputs? Are examples selected fortables and figures wellchosen and designed to assist
the readerin understanding approachesand methods?

3. Arethe methodsand procedures employed technically appropriate and reasonable, with respect to
the relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are
you able to suggest or recommend alternate approaches that might betterachieve the goal of
developingaccurate and representative model inputs? In making recommendations please
distinguish between casesinvolving reasonable disagreementin adoption of methods as opposed to
cases where you conclude that current methodsinvolve specifictechnical errors.

4. Inareaswhere EPA has concluded thatapplicable datais meagerorunavailable, and consequently
has made assumptions to frame approaches and arrive at solutions, do you agree that the
assumptions made are appropriate and reasonable? If not, and you are so able, please suggest
alternative sets of assumptions that might lead to more reasonable oraccurate model inputs while
allowingareasonable margin of environmental protection.

5. Aretheresulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in exhaust emissions formation
and control? Are the resulting model inputs empirically consistent with the body of dataand
literature that has come to your attention?

The catch-all charge question was asfollows:

1. Please provide any additionalthoughts orreview of the material you feel important to note thatis
not captured by the preceding questions.

3.2. Conclusion of the Peer Review

The compiled set of unedited reviewer comments for each charge question are provided in Section 4.
Each reviewer’s delivery emails (i.e., coverletters), CVs, and COl statements were also gathered and are
providedin Appendix Aand Appendix Bforeach reviewerin PDF format or in the referenced
attachments. This Task 4 Technical Report concludes the review.
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4. Reviewers’ Responses to Charge Questions

4.1. All Documents Reviewed

This section provides averbatim list of peerreviewer comments submitted in responseto the
general/catch-all review charge question forall documents reviewed as a part of the Fuel Effects, Toxics
Emissions, Total Organic Gases (TOG) and Particulate Matter (PM) Speciation Analysis.

4.1.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefaultvalues?

4.1.1.1. Dr. Tom Durbin

This particular question | will address globally for all of the reports, as many of the datasets being
recommended apply to more than one report. Thisisalso the area of my significant criticisms. The data
setsselected forthe MOVES2014 development are large, relatively comprehensive, representative, and
generally well conducted, and as such represent agood basis in the model development for
MOVES2014. These data sets focus predominantly on the EPA Kansas City study, the E-55/59 study, the
ACES Phase 1 study, and the EPAct study for fuel effects.

On the otherhand, EPA coverage of data is relatively narrow in terms of the larger body of literature,
and in particulardoesn’t considerthe relatively significant work being carried outin California. As the
MOVES model continues to developinto futureyears, itis suggested that EPA broadens its coverage of
data being collected around the country. Many of the California datasets are just being completed and
should be available in time for the next MOVES update.

The issue with the silicone in the Kansas City study forthe hot runningis another point of consideration.
While some corrections can be applied to species profiles that may be reasonable, italso reinforces the
ideathat a broaderrange of data sources should be considered.

Some of the areas where additional data could be particularly useful is for vehicle categories for which
dataisstill relatively limited. In particular, gasolinedirectinjection engines (GDI) are rapidly expanding
intothe in-use fleet, have considerably different characteristics compared to more traditional gasoline
vehicles,and are notincludedinthe datasets currently being used for MOVES2014. Data for heavy-duty
vehicles/engines with newer 2007+ and 2010+ are alsostill relatively limited. Finally, data on natural gas
vehicles/engines are relatively limited.

Its difficultto determine how recent the Predictive/Complex modelare. In one of the document that
discussesfuel effects for sulfurits seemstorely heavily on studies conducted in the early 1990s by CRC
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and EPA and then goesto the EPAct Study with almost no consideration of anythingdone in between.
CARB, on the otherhand, considered anumber of additional and robust datasetinits 2007 update of its
predictive model.

Anotherimportant consideration is that the heavy-duty pre-2007 data does not seemtoinclude any
data fromretrofit DPFs, which tend to be more passive in nature and can vary from the OEM DPFs for
2007+ engines.

For the “Gasoline Fuel Effects for Vehicles Certified to Tier-2 Standards” report, there are several other
data sets should be considered forinclusioninthe fuel effects part of the model asthe model continues
to be developed. These includethe CRC-83 project, which utilizes the same vehicle fleet as the main
EPAct study, but evaluated fuel olefin levels. UCRiverside is also conducted an extensive study of
ethanol/butanol blends thatis nearing completion. In particular, this study includes GDI vehicles that are
not covered in EPAct study. This study has some emphasis on California fuels, but should also have more
general applicability for evaluated fuels ata national level.

For the “MOVES2014 Sulfate and Sulfur Dioxide Emissions Calculator” report, there are several other
data sets should be considered forinclusioninthe model asthe model continues to be developed.
There are several otherdatasets thatare coming out that would be worth EPA considering orat least
evaluating with respect to the model, especially on the diesel vehicleside. The California Air Resources
Board has been lookingat the toxicity of advanced technology vehicles,and some of this data has
sulfate emissions that could be of relevance here. The South Coast Air Quality Management District has
also conducted a study to evaluate the in-use emission rates of 2007+ technology, heavy-duty dieseland
natural gas vehicles. These data will probably not be available until the first part of nextyear, butthey
could be considered forfuture application tothe model. Phase 2 of the ACES program is anotherdata
setthat could be of value for future model revisions.

For the “Calculating the Effects of Gasoline Sulfur on Exhaust Emissions” report, there are several other
data sets should be considered forinclusionin the model as the model continues to be developed. Even
though M6Sulf is supposed to model Tier 1, LEV, and ULEV vehicles, the majority of the datasets listed
are fromstudies conductedin the early 1990s. Given that early 1990s technologies are notvery
representative of Tier1, LEV, and ULEV vehicles, consideration should be giventoincorporating more
data here. Example datasetsinclude the the CRCE-60 program.

For the “TOG and PM Speciationin MOVES for Air Quality Modeling” and the “Appendix: PM2.5
Speciationin MOVES” reports, there are several other datasets should be considered forinclusion in the
model asthe model continues to be developed. The California Air Resources Board has been looking at
the toxicity of advanced technology diesel vehicles,and some of this data has sulfate emissions that
could be of relevance here. The South Coast Air Quality Management District has also conducted a study
to evaluate the in-use emission rates of 2007+ technology, heavy-duty diesel and natural gas vehicles.
These data will probably not be available untilthe first part of nextyear, butthey could be considered
for future applicationtothe model. Phase 2 of the ACES program is another dataset that could be of
value for future model revisions.
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For CARBstudies, see http://www.arb.ca.gov/research/veh-emissions/veh-emissions.htm noting that
there have been some publications more recent thatthose listed on the website.

UC Riverside program with the South Coast Air Quality Management District (SCAQMD), “Determining
the Physical & Chemical Composition & Associated Health Effects of Tailpipe PM Emissions”

UC Riverside program with the Coordinating Research Council (CRC), “Biodieseland Renewable Diesel
Characterization & Testingin Modern LD Diesel Passenger Cars & Trucks”

UC Riverside program with the South Coast Air Quality Management District (SCAQMD), “Determining
the Physical & Chemical Composition & Associated Health Effects of Tailpipe PM Emissions”

UC Riversideand West Virginia University program with the SCAQMD, “In-Use Emissions Testing and
Demonstration of Retrofit Technology for Control of On-Road Heavy-Duty Engines”

Durbin, T.D., Karavalakis, G., Johnson, K.C., Miller, J.W., and Hajbabaei, M. (2013) Evaluation of the
Performance and Air Pollutant Emissions of Vehicles Operating on Various Natural Gas Blends —Heavy-
Duty Vehicle Testing—Regulated Emissions and PM, Final Reportforthe California Energy Commission
by the University of Californiaat Riverside, June.

Durbin, T.D., Karavalakis, G., Miller, J.W., Hajbabaei, M., Bumiller, K., Villela, M., and Xu, K.H., 2012.
Effects of Olefins Content on Exhaust Emissions: CRC Project E-83, Final report for the Coordinating
Research Council by the University of California at Riverside, June.

Durbin, T.D., Miller, J.W., Johnson, K.C., Hajbabaei, M., Kado N.Y., Kobayashi, R., Liu, X., Vogel, C.F.A,,
Matsumura, F., Wong, P.S., and Cahill, T. (2011) Assessment of the Emissions from the Use of Biodiesel
as a Motor Vehicle Fuel in California - Biodiesel Characterization and NOx Mitigation Study, Finalreport
for the California Air Resources Board by the University of California at Riverside, the University of
Californiaat Riverside, and Arizona State University, October.

Durbin,T.D., J.W. Miller, T. Younglove, T. Huai, and K. Cocker. 2006. Effects of Ethanol and Volatility
Parameters on Exhaust Emissions: CRC Project No. E-67. Final report for Coordinating Research Council,
CRC ProjectNo. E-67, January.

Durbin, T. D., J. W. Miller, J. T. Pisano, C. Sauer, T. Younglove, S. H. Rhee, T. Huai, and G.I. MacKay. 2003.
The Effect of Fuel Sulfuron NH3 and Other Emissions from 2000-2001 Model Year Vehicles. Final report
for Coordinating Research Council, CRC Project No. E-60, CE-CERT Technical Report No. 02-VE-59971-
E60-04, May.

4.1.1.2. Dr. Allen Robinson

No response directed at all reports.
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4.1.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.1.2.1. Dr. Tom Durbin

No response directed atall reports.

4.1.2.2. Dr. Allen Robinson

No response directed atall reports.

4.1.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
cases involving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.

4.1.3.1. Dr. Tom Durbin

No response directed at all reports.

4.1.3.2. Dr. Allen Robinson

No response directed at all reports.

4.1.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meager or unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
madeare appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

4.1.4.1. Dr. Tom Durbin

No response directed atall reports.
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4.1.4.2. Dr. Allen Robinson

No response directed atall reports.

4.1.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physicaland chemical processes involved in exhaust emissions formation and
control? Are the resulting modelinputs empirically consistent with the body of data and literature that
has come to yourattention?

4.1.5.1. Dr. Tom Durbin

No response directed atall reports.

4.1.5.2. Dr. Allen Robinson

No response directed atall reports.

4.1.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.1.6.1. Dr. Tom Durbin

No response directed atall reports.

4.1.6.2. Dr. Allen Robinson

Overall Ithink that EPA has done a good job of developing MOVES2014 and that these chapters provide
the reader/userareasonable description of the model. The models are statistical fits of data; that is
probably the bestapproach given the limitationsin our quantitative understandingin the underlying
physical and chemical processes that control the emissions. Forthe most part the models seemto be
based on the bestavailable datasets, butthere are inevitably gaps. In certaininstance there appearto
be important data that are notincorporated intothe analysis. | have provided many commentson
individual chapters. The majority of the comments are focused onimproving the usability of the
materials. However, thereare some important scientificshortcomings (treatment of uncertainty,
semivolatile PM, and SOA precursors).

Here are the major comments thatapply across mostif not all of the sectionsthat| read:

Presentation related:

1. Datasources—the variouschaptersand report often provide referencesto the underlying data.
However, these references often pointto large reports (e.g. the EPAct dataanalysis), which means
that the reader may not be able to figure out what specificdatawere used. | would encourage EPA
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to be as specificas possible about what dataare used. | have often been frustrated tryingtofigure
out the exact data underlying models like MOVES and MOBILE.

2. Examples—Ithink quantitative examplesreally help the readerunderstand the model. These exist
ina few chapters butnotin most. | would encourage EPA toinclude more examples which will help
the readerunderstand what MOVES is doing. Pointingthe readerto online tools, such asthe fuel
effects spreadsheet are also useful.

3. Tablesdefiningall variables—in some chapter many variables are not defined makingit difficult for
the readerto understand the model. These tables should alsoindicate which variables are user
inputs and which are derived from existing data. For the userinputs, defaultvalues should be
clearly defined.

4. Exampleresults—For the readeritwould be useful to provide some sample output from the model
to understand the effects. Ideally this would be graphical presentation.

Contentrelated:
5. Goodnessof fit—Given that the models are statistical fits of data, some descriptionis neededin

each chapteron how well the model(s) fitthe underlying dataisimportant. These could be some
sort of statistical measure and/orscatter plots of model predictions versus underlying data.

6. Uncertainty—Thereis nodiscussion of uncertainty of the model predictions. Thisis my largest
substantive concern with the reports. One measure of the uncertainty is the quality of the statistical
fit. A bettermeasureishow wellthe model performs against datathat were not usedto derive the
fitting parameters. | strongly encourage EPA to quantify the uncertainty in the MOVES2014
predictions. Every prediction should be accompanied by a quantitative uncertainty estimate.

7. Data limitations—EPA has done a good job utilizing existing data. However, there are inevitably
gaps. Obviousgapsare GDI, higher mileage vehicles, high emitters, etc. The readershould be made
aware of these limitations and guidance should be given about how to address.
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4.2. Gasoline Fuel Effects for Vehicles Certified to Tier-2 Standards

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestions forthe chapter Gasoline Fuel Effects for Vehicles Certified to Tier-2 Standards, IN: Modelling
Effects of Fuel Properties in the Motor Vehicle Emissions Simulator (MOVES2014).

4.2.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefault values?

4.2.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.2.1.2. Dr. Allen Robinson

| think that the presentation of the data sources (specifically test fleet, and fuel composition) could be
improved. Thereisalot of detailed informationinthe main EPActreport, which | download and
skimmed parts of, butit would helpful forthe readerif abit more information (afew more paragraphs)
was providedinthe introaboutthis test program. Here are some examples of the sort of information
that would be useful to provide the reader: Were these all relatively new, low-mileage vehicles? What
was the variety of emission control technologies? Were the vehicles all portfuel injected? Were all the
vehicles 2008 MY? How were the vehicles procured? Recruited from the in-use fleet—if so where?
What was the range of each property of the fuelstested in EPAct? What are typical values for each of
these propertiesinactual in-usefuels (summerand winter)?

If all the vehicleswereportfuelinjected then whatis the guidance forgasoline directinjection vehicles
which are becoming more prevalent? Thatseems like the most significant gap inthe information.

All of the EPAct vehicles werelow mileage, what are the recommendations for higher mileage tier 2
vehicles?

These things seem like important data limitations. Although these issues probably cannot be addressed
(these types of vehicles werenotinthe EPAct test fleet), the document should clearly describe potential
limitations of the model so thatthe readeris aware of them.

4.2.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?
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4.2.2.1. Dr. Tom Durbin

The description of the methods and proceduresis reasonable. The following are some suggestionsin
thisarea.

Section 2.1 should have a reference to amore basic description of the “Zfactor” and otherelements of
the discussion forthose looking fora more fundamental discussion of the method.

The firstexample on page 6 is foraromatics, and then the examples switch to ethanol.

Tables 2 and 3 provide agood description of the different coefficients. Itis worth noting that because
Table 3isinlog scaleit, it is not necessarily straightforward to determine the magnitude of the effects
that mightbe seenfordifferentinarithmeticspace. Itwould be interesting to see what the coefficients
would be whenthey are transformed to arithmeticspace, although thisis nothow they are used in the
model. Also, the blanksin table 3are notexplained. Tables 5and 6 are good, especially Table 6that
goesintodetail on each of the terms.

For the meansinTable 2, are these based on justa meanfor the fuelsinthe test matrix, orare they
weighted based onthe number of tests run on each fuel forthe dataset being used.

The firstexample on page 6 is foraromatics, and then the example switches to the quadraticterm for
ethanol.

How are start and running emissions calculated? Based on bag 1 for start and bag 2 for running?

4.2.2.2. Dr. Allen Robinson

The core statistical model/parameterizations appears to have been derived by the EPAct projectand
appearsto be describedinthe final reportforthat project (Assessing the Effect of Five Gasoline
Properties on Exhaust Emissions from Light-Duty Vehicles Certified to Tier 2 Standards: Analysis of Data
from EPAct Phase 3 (EPAct/V2/E-89) Final Report (EPA-420-R-13-002)). Inthat (EPAct) reportthey
describe multiple models, butthe set of parameters that will be used in MOVES2014 appearto be the
same as what islisted in Table ES-1and ES-2 of the EPAct report (the only exception appears to be the
value of the variance listed in Table 3 —why are those different?). This was notclear fromreadingthe
fuel effects document. Ifthatisthe case (the models were taken directly from the EPActreport), then
thisdocument needs to have a shortdeclarative sentencing statingso. “The models used here were
derived and describedinthe EPActfinal report (ref).” Right now the introduction only provides avery
qualitative discussion of the EPAct process, but does not explicitly say that the analysis was used here. If
the model is different than one of the models derivedin the EPActreportthenthisreportneedsa lot
more discussion of the derivation of the model.

Withoutreadingthe EPActreportthe reader has essentially no “understanding of the steps taken and
assumptions made by EPA to develop the model inputs.” The EPActreportis very longand detailed. In
addition, they fit multiple models to the data. This chapterwould benefitif it provided some more
discussion of the EPAct modeling process and why this particular model was chosen (as opposed toone
of the other modelsfitbythe EPActteam). Thiswould be a page or so of text. This would give every
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readera basic understanding of the model; interested readers could then be referred to the EPAct
reportfor more details. |thoughtthat the air toxics report did a much betterjob of describing the
underlying model(s) than this chapter.

Anothershortcoming of thisdocumentis thatitdoes not provide some description of the goodness of
fit of the model to the original data (part of this should be providing some physical description of what
the variance valuesin Table 3). | skimmed through multiple sections of the EPAct report and could not
find that succinctly summarized. Afew paragraph (up to a page or two) description of the goodness of
fit of the model to EPAct data should be provided as the ability of MOVES2014 to predict fuel effects
ultimately depends on the model and how well it describes the data.

Were any exercises performed to test the model with independent data (data not used to fitthe
model)? Standard techniquessuch as “leave-one-out” can be used. Alternatively one could use
speciated datafrom othertest campaigns to test the model? For example, ARB has extensive datafrom
theirsurveillance program. This sort of independent evaluation of the model with real world data
seems extremely important. This analysis should be performed and described inthe reportto provide
the user confidence in the model.

What was the basis forthe assumption “that effects for fuels and temperature are independent and
multiplicative.”

4.2.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
casesinvolving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.

4.2.3.1. Dr. Tom Durbin

The equationsforthisreportappearto trace back to methods used and reviewed previously. The
currentapplication of these methods appearsto be appropriate in that context. Commentsto consider
on the presentation of the methods are provided above.

Its difficult to determine how recent the Predictive/Complex modelare. In anotherdocumentthat
discussesfuel effects forsulfurits seemsto rely heavily on studies conductedin the early 1990s by CRC
and EPA and then goesto the EPAct Study with almost no consideration of anythingdone in between.
CARB, on the otherhand, considered anumber of additional and robust datasetinits 2007 update of its
predictive model.

4.2.3.2. Dr. Allen Robinson

This sort of statistical fittingis commonly done to create “models” to describe fuel effects. The
parametersincludedinthe modelare known toinfluence emissions. However, | am not aware of any
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scientificbasis forthe underlying mathematical form of the model. If thereis one the reportwould
benefitfromadescription ofit. Inaddition, without the information on goodness of fitand evaluation
of model withindependent dataas describedinthe previoussectionitisimpossibletoanswerthese
questions.

Beyond a description of the goodness of fit, the major shortcoming of the modelis there is no treatment
of uncertainty. | would advocate that the model should provide uncertainty estimates (confidence
intervals) forevery output/prediction. One simpleway to provide an estimate would be to use the
statistical uncertainty of the fit. Thisisreasonably straightforward. A more robustapproach would also
be to try to account for the limitations in the underlying dataset (e.g. lack of GDI). Providingarobust
treatment of uncertaintyis noteasy butit seems essential to ensure that the dataare used
appropriately. Including uncertainty estimates would be a major upgrade of the model, which may not
be possible forthisrelease of MOVES. However, | would strongly encourage EPA to make starting
implementing uncertainty a high priority forfuture releases.

4.2.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
made are appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

4.2.4.1. Dr. Tom Durbin

Thisreportdoes not deal extensively on datasets where datais meager. Onthe other hand, the data set
being used does not contain any GDI vehicles, which will representagrowing and important segment of
thein-use fleet goinginto the future.

4.2.4.2. Dr. Allen Robinson

| don’tthink that there are any statements about datalimitationsin this section. However, thereare
some critical data gaps, such as for GDI, higher mileage vehicles, and malfunctioning (gross emitting)
Tier2 emittingvehicles. It would be good to at least specifically mention these gaps.

4.2.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting model inputs empirically consistent with the body of data and literature that has come
to yourattention?
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4.2.5.1. Dr. Tom Durbin

The paragraph at the bottom of page 8 provides some sense of whatthe model outputs would be and
how fuel properties would influence emission rates. Interpreting these results in terms of natural log of
the emissionsis not necessarily straightforward to a more casual reader.

4.2.5.2. Dr. Allen Robinson

Thisis notcoveredinthis chapter. The trends as reportinthe EPActfinal report seem consistent with
expectations.

4.2.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.2.6.1. Dr. Tom Durbin

B p.6. Thedescription of the LA92 should explicitly note thatis has a cold start phase, since thisis one
of the process categoriesincluded in the modeling, and how the start emissions are obtained.

m  Theabbreviations CO, THC, are given on page 4, instead of whenthey are first use in the 1st
paragraph of the document.

m  There are lots of extraspacesin the text. P. 3 last paragraph 2nd sentence was launched; p. 4
“EPAct Test Program Report” 2 and (fueltypelD=1) .; p 8 1st sentence etOHxArom interaction

m  Superscripted numbers are used for both references and footnotes, which takes away from the
presentation.

B Introduction—3rd sentenceisverylong. Suggest splittinginto 3sentences.

m p. 43rd full paragraph “The analysisinvolved several iterations between analysis and additional
physical and chemical review of data.” The part about physical and chemical review of datais
unclear. Same paragraph add commas “, including subsets of terms,”

B page5 Emissions Process: add evap reference.

m page 8 1st full paragraph “while the impacts of fuel properties on runningisare dictated ...1stand
second part of sentence should match

4.2.6.2. Dr. Allen Robinson

Section2.1

m Itwouldbegoodto listthe fuel properties that are usedinthe model (orat least consideredinthe
modeling, sincesome were dropped outin the analysis) insection 2.1so that it is clearto the reader
whattheyare. The properties are listed inthe intro butit was notclear those were the properties
usedinthe model.
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B Readers may not know whatyou mean by second-orderand linearterms as these are never defined.

Table 2
m  Unitsthis is% by vol or mass. Same commentfor aromatics.

B Theterms like “etOHx etOH"” terms are not defined. Presumably thisisthe ZZetOHxetOH listedin
Equation 3. If so thenthe table should use the same nomenclature. If notthenthesetermsneedto
be defined.

m  Thedocumentfrequently usesthe term “start.” Presumably thisisactually “cold start” (bag 1) as
opposedto “hot start” (bag3). The termstart should always be defined

Section 3. Fuel effectadjustments

B Itseemslike the key hereisequation 6 because thatis whatisactually used by MOVES. You are
calculating ascaling factor (equation 6) to apply to the base MOVES emission rate. If thatis correct
thenthat should be explicitly stated.

B Equations5 -- | thinkthatit would be useful to listout all the terms.

m  Equation6—X(bold)and Beta_in-use are notdefined. These are some sort of vector?

Table 3

m It wouldbe helpful if youincluded a column that had the actual model nomenclature (e.g. ZetOH) as
opposed to whatyou currently listas model terms. Right now the reader may be confused tryingto
relate the informationin Table 3with the equation (this applies especially to the cross terms).

m  Why are the variance valuesin Table 3 differentthanthose inthe EPAct report for the same set of
model parameters? (Thisis based on comparing with valuesin Tables ES-1and ES2 in EPAct report).

m  Somediscussion of the meaningof the valuesin Table 3would be useful to provide the reader some
understanding of the actual model. Fromreadingthe EPActreportitappearsthat the signon the
coefficientindicates thatitis positively or negatively correlated. The magnitude indicates the size of
the dependence?

Section4

m Thistable only defines selective values of parameters. It would be useful to have a footnotetoa
reference whereall of the values of each parameter are defined (this would include reportand page
number).

Table 6
B Whenyouwrite somethinglike ETOHVolume presumablythis actual the Z value for this parameter.
Should probably try to make this clearin the table in comments column?

m  Fuelsulfur—ppmvolume or mass?
Section 4.1 example

B | reallylikeincludingan example because it can help people understand the model. Inthis particular
chapter, it would be very useful if you actually complete the sample calculation. Provide the reader
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with a table of inputvalues (actual fuel values and then presumably the Zvalues for each parameter
calculated usingthe parameters Table 2-- my understandingisthe Zvalues are whatis actually used
inthe model) and the numerical value of what the model predicts. Havingthe answerwillallow the

readerto verify thatthey understand how to use the model. | would encourage EPA toinclude this
sort of calculationin each of the documents.

B Thereare few placesinreportwhere the textisnotcomplete e.g. “add referenceto evap report”
“ChapterX.X”
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4.3. MOVES2014 Sulfate and Sulfur Dioxide Emissions Calculator

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestions forthe chapter MOVES2014 Sulfate and Sulfur Dioxide Emissions Calculator, IN: Modelling
Effects of Fuel Properties in the Motor Vehicle Emissions Simulator (MOVES2014).

4.3.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefault values?

4.3.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.3.1.2. Dr. Allen Robinson

I think that the papergives a good description of the underlying datasets used to derive the model (in
fact | think that these descriptions are betterin this documentthenin some of the other documents).

The models (gas, old diesel, new diesel, CNG) are based on a relatively limited amount of data (one or
two studies). The selected studies are relevant because some of them systematically varied key
parameters such as fuel sulfurlevels (e.g. FULand DECSE). | am not aware of otherstudiesthat have
systematically varied these properties.

It seems concerning that some of the core studies (e.g. the KCVES) used gasoline with much higher
sulfurcontentgasoline compare to Tier 2 gas. This meansthe model hasto extrapolate alongway from
the reference case. lunderstand the FUL dataset help do this extrapolation, butitseems strange to
have the reference be so farfrom the currentnorm on fuel sulfur content.

A majorshortcoming of thisreportis that they show no model evaluation and only limited discussion of
goodness of fit. This sort of quality assurance seems essential in an application like MOVES. The model
can be evaluated by the many otherstudies have measured sulfate emissions (e.g. PMcharacterization
by Kleeman group, gasoline component of the gasoline diesel split study, etc.). If some of the
parameters are not available in these studies (e.g. fuel sulfur content) the comparison will still provide
insightinto the suitability of default values. The model should be tested against at least some of these
otherdata to evaluate its robustness. Thisanalysis should be performed and described inthe reportto
provide the user confidenceinthe model.

4.3.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
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modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.3.2.1. Dr. Tom Durbin

The description of the methods and procedures is reasonable. The following are some suggestionsin
thisarea.

As equations 1and 2 are described, itshould be noted that the derivation of these formulasis provided
in Appendix 1.

What are typical value for (H,0);?

Were any measurements made of the oil sulfurlevelsinthe Kansas City study. Can EPA provide an
estimate of whatthe oil sulfurlevels might have been in Kansas City based on typical levelsin oils of the
time.

Pre-2007 Vehicles section. It would be worth noting how many samplesthe 172 ppm is based on.

The examplesinthe Appendices provideagood description of how the sulfate contribution s
determinedforeach of the different vehicle/engine categories. They are a nice contribution to the
report.

4.3.2.2. Dr. Allen Robinson

The basic approachis reasonably welldescribed. 1 also think that the basicapproach of linking sulfate
emissionsto nonECPM makes sense (andis animprovement from the old approach of linking to fuel S)
because itavoids the potentially absurd resultif you make assumptions about fuelsulfur content
conversion to SOA4.

Equation1is the core of the model. Itwas not totally clear how thisisimplementedin practice. It
appearsthat NonECPMis an output from another part of MOVES2014 and that this model simply scales
that fraction using the actual fuel sulfur concentration. Thereforethe onlyindependentinputintothe
model isthe fuel sulfurconcentration (x). All of the rest of the parameters are determined by the
reference (listedin Table 1 of maintext). If thisisthe case thenit should be clarified in the text.

Presumablythereisadefaultvalue forthisifthe userdoes notknow the fuel sulfurcontent. Itwould
be good to define that value.

There seems to be two assumptions fromthe It seems like a keyassumptionis sulfate emission rate
from lube oil (SO40) is fixed for different types of vehicles. Isthere evidence to support this
assumption? Ifsoit was not adequately discussedinthe report. The second assumptionisthe
parameterthat describesthe conversion of fuelsulfurto sulfate.

| do notunderstand the treatment of particulate water (Appendix 1equation 2). Aerosol waterdepends
on the composition of the aerosol and the relative humidity of the exhaust. This can be easily calculated
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usingthermodynamicmodel such as ISOROPIA. | am not sure how this equation relatesto the
underlying theory.

A table of variables and definitions would be useful. Thisisgeneral commentthatappliestoall
chapters.

4.3.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevant disciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
cases involving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.

4.3.3.1. Dr. Tom Durbin

The inclusion of both sulfurforfuel and lubricating oil is animportant advancement, especially as fuel
sulfurlevel have beenreduced. Overall, the methodology appears to be reasonable based on the data
available.

Data for pre-2007 heavy-duty engines/vehicles appears to be lacking. One consideration with sulfate
emissionsfordiesel engines equipped with such DPFsis that the formation of sulfate emissionsis highly
nonlinear. Nucleation particles comprised of sulfate increase substantially above acertain temperature
threshold (~350°C). This phenomenais likely too complextoincorporate into the current model, butis
worth consideringin future versions of the model.

For the light-duty gasoline vehicle, the expanded use of gasoline directinjection engine is animportant
consideration in model future fleets. Little data on sulfate emissionsis available for these types of
vehicles, but EPAshould keep thisin mindinthe development of future versions of the model. UC
Riversideis collected somedatathat might be of interest as part of a mixed alcohol program being
funded by the California Energy Commission.

4.3.3.2. Dr. Allen Robinson

The model isempirical with the constraint of conservation of mass. Thisseemslike areasonable
approach given the complexity of the system.

4.3.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meager or unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
madeare appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
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assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

4.3.4.1. Dr. Tom Durbin

Page 7 2nd paragraph — It indicates that fuel consumption data was not available for E55/59. If the CO,,
CO, and THC emissions are available using standard carbon balance equations using assumptions forthe
properties of typical diesel fuel.

For the CNG measurements, EPA should consider datafrom CARB’s latest round of studies on CNG
vehicles.

4.3.4.2. Dr. Allen Robinson

A limitation thatis notdiscussed is that the sulfurlevels of the fuels used in the KCVES are much higher
than theyare in current Tier 2 gasoline.

Anotherlimitationisthe lack of GDI vehicles—as the report states the sulfate emissions depend on
sulfurcontent of the oil/fuelbut also combustion conditions. Presumably the differences between
combustionina GDI versus PFI may influence sulfate emission rates.

The major shortcoming of the model isthere is no treatment of uncertainty. | would advocate that the
model should provide uncertainty estimates (confidence intervals) for every output/prediction. One
simple way to provide an estimate would be to use the statistical uncertainty of the fit. Thisis
reasonably straightforward. Itappearstohave beendoneinFigures 3-1and 3-3, which showsthe
results forthe conventional diesel. Thisneedsto be transferredinto the core model. Uncertainties
should be listed for each of the parametersin Table 1.

A more robust approach would also be to try to accountfor the limitationsinthe underlying dataset
(e.g.lack of GDI). Providingarobusttreatment of uncertainty is not easy but itseems essentialto
ensure thatthe data are used appropriately. One way to define this uncertainty would be to challenge
the model with additional datathat were not used to derive the parameterslistedin Table 1. Including
uncertainty estimates would be a major upgrade of the model, which may not be possible forthis
release of MOVES. However, | would strongly encourage EPA to make startingimplementing
uncertainty a high priority for future releases.

4.3.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting modelinputs empirically consistent with the body of data and literature that has come
to yourattention?
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4.3.5.1. Dr. Tom Durbin

It would be useful to bring some of the information from the Appendixinto the main part of the text. In
particular, itwould be useful to provide oil and fuel contributions in mg/mi and oil and fuel sulfate
contributionsforboth the fuel sulfur=0 case and for the fuel sulfur=reference level. This would
immediately givethe readerafeel forwhatthe modelinputs would be.

4.3.5.2. Dr. Allen Robinson

There were not sample calculations presented in the chapter. Addingasimple figurethat plots sulfate
fraction of non-ECPMfor a range of reasonable fuel sulfur contents would help the readerunderstand
the model predictions. Isuspectthatthe results will be reasonableafew percent of the PM s sulfate.

4.3.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.3.6.1. Dr. Tom Durbin

m  Documentneeds page numbers.
B Page 1 paragraph 1final sentence —change “consist of” to “make up”.

m  Page 2 1st paragraph - 1st sentence ...showninschematicallyin Figure 1.; 2nd sentence ...has
supporteds; 3rd sentence ....treated that the; 4th sentence ....engines decreases

B page 3 1st paragraph — last sentence “Ifincludedinthe PM2.5 speciation profile...” is somewhat
unclear.

m Several sentences begin withanumber; page 5 1st paragraph 11 ppm; Appendix 22nd paragraph
171; Appendix33rd page 11 ppmand 172 ppm; Appendix 4page 1 15 ppmand 11 ppm.

B Appendix 22nd paragraph— mean sulfurlevel is significantly smaHerlowerin the summer,; 2nd page
of Appendix2lastsentence —need space before last sentence; 3rd page of Appendix 2last sentence
hashave

m  Appendix 1-5th line—eliminate space ....reference case . xs

4.3.6.2. Dr. Allen Robinson

Tablel -
B In headers|Iwouldaddthe word “reference” to the last three columns. Forexample, xBisthe

reference fuelsulfurlevel notjustthe fuel sulfurlevel.

Table 2-1
m  Unitsfor sulfurcontent
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m Definition of SES variable —sulfuremitted as sulfate suggests that thisis ratio or fraction. However
thisappearsto be an absolute emission rate. Why notjustcall ita sulfate emissionrate?

m Equationsbefore Table 2-2— Itseemslike the Betaland Beta2 parametersinthis equation are test
specific(KCorFUL) and then you make the assumption thatthey are equivalent.

Table 2-2
m  DidFUL use FTP or UDDS? Intext|thoughtyou said UDDS.
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4.4. Calculating the Effects of Gasoline Sulfur on Exhaust Emissions

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestions forthe chapter Calculating the Effects of Gasoline Sulfur on Exhaust Emissions, IN: Modelling
Effects of Fuel Properties in the Motor Vehicle Emissions Simulator (MOVES2014).

4.4.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefault values?

4.4.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.4.1.2. Dr. Allen Robinson

The data sources for the Tier 2 models are poorly described. They seemto be containedinreferences
10-12. Were all these dataweighted equallyforthe modeling? How were the datafrom different
studies that had different sulfurcontentsincluded inthe interpolation? Itis not clear which study the
paragraph starting with “The study ..” refersto. |assume study 12.

4.4.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.4.2.1. Dr.Tom Durbin

The description of the methods and proceduresis reasonable. The following are some suggestionsin
this area.

Top of page 2. Would like to see some explanation as to why the weighting of high and normal emitters
is 50/50.

There should be some discussion of why the Tier 2 Low Sulfur Model appliesto 2001 and latervehicles,
and how thisrelatestothe NLEV and other phase in transitions.

Section 2.1 - Thissection could be improved interms of provided an overview of the model. Atable
should be added defining the elementsin the table structure. There should be an explanation as to why
the modelinthe log-logformorlog-linearformisappliedin one case but not the other. Why islog-log
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usedforTier 0 and LEV+ vehicles, whereas log-linearis used forthe inbetween Tier 1vehicles? Betais
not defined.

Section 2.2 — This section says even less than section 2.1. Does this use the same table structure as for
the short term fuel effects? Whatis the basis of the different factorsfor HC, CO, and NOx and whatis
the source of theirderivations (maybe a couple sentences).

Section 2.3.1— Would be useful to add a sentence on why wy is 0.425 or where it came from.

Section 2.4 - Would be useful to add a sentence on why the numeratoris multiplied by 0.608 for high
NOx emitters. Is thisnotapplied for other pollutants.

Section 2.6 — Last sentence —Would the calculation be greaterthan 1 for 90 ppm.
It should be noted somewhere insection 2examples of the model output are provided in section 4.

Section 3 - The coefficientsin Table 2representthe slope but not sure how to interpret them without
understanding the intercept.

Section4— The graphs insection 4 are very informative.

4.4.2.2. Dr. Allen Robinson

The model is based on statistical analysis of emission testing performed with gasoline that had two
differentsulfurlevels. The reportreferstothisanalysis as “mixed-model analysis.” |am notsure what
that means— presumably thisissome sort of multivariate model. The chapterneedsto describe what
the mixed model analysisis. On page 8 the document states that details “can be foundinthe report.”
There is not reference provided forthisreport.

Presumably the mixed modelanalysisis used to derive the betavaluesinequation 17? The report
discussing usinginterpolation forthis analysis?

Equation 17 —This needs to be much betterdescribed.

m  WhatisA? Ascalingfactor? Howis itused? Presumablythere are differentvalues of A fordifferent
pollutants (e.g. NOx, CO, THC)?

m | donotunderstand how the betaSwere derived. The textsaysthey were developed by linearly
interpolating? Howeveryou have many vehicles so presumably you get awhole bunch of beta$S
values (one foreachvehicle tested at the two fuel Slevels). In addition the different studies used
differentfuel Slevels? How do you combine the betaSvalues for different vehicles and different
studies? Lumpingthemtogetherandthenaveraging? Presumably the dataare stratified by
pollutant, model year? Whatis the uncertaintyinthese values? How did the values of betaSvary
across the vehicle fleet?

m  WhatislistedinTable 2? The BetaSvalues?
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4.4.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevant disciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
cases involving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.

4.4.3.1. Dr. Tom Durbin

The methods and procedures for the M6Sulf is an already developed model, with developed methods,
so most of the commentsin thisregard are related to the presentation of the model methodology and if
itisclear, as discussed underpoint 2.

The discussion on the Tier Low Sulfur Model is somewhat short, but appears to be sufficient based on
the fact that the data sources and analysis have been reviewed as part of anotherreport.

4.4.3.2. Dr. Allen Robinson

| do notunderstand the methods oranalysis (“mixed modelanalysis”). Thisappearstobe a purely
statistical model as opposed to something based on the underlying physics and chemistry.

Uncertaintyis a keyissue thatis completely neglected in this chapter. Forexample, table 1lists sulfur
reduction with 3 significantfigures. These values need uncertainty estimates. Uncertainty estimates on
these parameters can be derived from the statistical analysis. A betterapproach would be to challenge
the model by performingleave one out cross validation. Ideally both of these approaches would be
taken. The complete lack of uncertainty seems like a major weakness of the entire report.

4.4.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meager or unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
made are appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

4.4.4.1. Dr. Tom Durbin

Eventhough M6Sulf is supposed to model Tier 1, LEV, and ULEV vehicles, the majority of the datasets
listed are from studies conducted in the early 1990s. Given that early 1990s technologies are notvery
representative of Tier1, LEV, and ULEV vehicles, consideration should be given toincorporating more
data here. Example datasetsinclude the CRCE-60 program.
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The assumption on page 9 underTable 1 that NLEV vehicles are more similarto upcoming Tier 2 vehicles
than Tier 1 vehiclesisreasonable. This detailand how it related to the 2001+ vehicles should be
discussed earlier, however.

4.4.4.2. Dr. Allen Robinson

The data seemreasonable. | am not aware of other data.

4.4.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting model inputs empirically consistent with the body of data and literature that has come
to yourattention?

4.45.1. Dr. Tom Durbin

The presentation of model resultsin section 4 provide good information on how sulfur effects are
implemented in MOVES. The results appearto be reasonably representative of sulfureffects overthe
range of differentvehicle technologies being evaluated.

4.45.2. Dr. Allen Robinson

The chapter presents no data that demonstrates the model provides reasonable results. Forexample
data could be added to Figures 1-4 to help the reader evaluate the model.

4.4.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.4.6.1. Dr. Tom Durbin

B The “x” in NOx should be subscripted.

m  Page 1 paragraph 2 —impairthe effectiveness of the catalyst inte converting the products of
combustion, leadingtoincreases; last sentence ...as though they are independent

m Page 1 paragraph 5— Add section numberforTier2 gasoline vehicles
B page 4 Section 2.3 1st paragraph— ...representthe long-term.. only to target fuel sulfurlevels
B page9 paragraph below Table 12nd sentence —model yearsasearly as ..

m thereisan extraspace...bottomofpage6 Equation14; section2.6 Equation 16; Last paragraph
section 3 Equation 17; section4 Equation1to Equation 16)
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B section3— 1st sentence greater 30 ppm, and forall vehicles olderthan 2001. 2nd sentence ..For
sulfur contents; 2nd paragraph catalyticconverterer; 4th paragraph 29 ppm, the higherlevel was...

B Appendix 1-5th line —eliminate extraspace ....reference case . x

4.4.6.2. Dr. Allen Robinson

| found thisdocumentto be very difficultto follow. The model was poorly described with many
variables noteven defined. Itwasalso not clearhow the model would be used. Itwould be impossible
for the readerto reproduce the calculations shownin Figures 1-4.

Figures 1-4. These appearto summarize the outputfromthe sulfurmodel. Whatisthe “fuel sulfur
adjustment” (which variable,some version of A?)? Howisit used? Simply as a scaling parameteronthe
base emissions? These details need to be clarified.

The review isfocusingonthe Tier 2 model which applies up to fuel sulfurlevel of 30ppmv. Itis hard to
see the predictions of this model in Figure 1-4 because the x-axis scale goes to 600 ppm. Lessthan 30
ppmvis lessthan 5% of this scale. Giventhe Tier 2 standard forfuel sulfurthe reportshould focus more
on the model behaviorat currentand future sulfurlevels (<30 ppm). For retrospectiveanalyses
showingsuch high fuel sulfurlevels may be useful (how long ago were fuel-S levels greater than 400
ppm?). Bottomlineisthatthese figures ora comparable setsuch focus on performance of the models
overthe range of current fuel-Slevels. Doesiteven make sense to plot MY 2017 vehicle outatsuch
highfuel Slevels?

Although I realize we were not supposed to review the older M6Sulf model, | found the description of
the model to be impossible tofollow. Itisclearthat the modelissimplyacurve fitof the underlying
dataset. However, many of the variablesinthissection are notdefined. Forexample whatis A? What
do the M6SulfurCoeff values listed on the bottom of page 3 represent? Without more descriptionitis
essentiallyimpossible to understand how to apply the model.

It would be useful if this chapterlisted the parameterization developed for the M6Sulf model.
Presumably these are the wiR, betas’s etc. Atable definingeachvariable and listingits value would be
very helpful.

You needtodefine all variables—a short table would be very helpful. Whatis A2, As,short, As,long,
As,Irr ¢, etc. Aisclearlyan importantsymbol. Whatdoesitrepresent? Itappearsto be some sort of
adjustmentfactor. Isthis multiplied with the base emissions to estimate the effects of sulfur? Inorder
for someone tofigure out the model, these details need to be much more clearly spelled out.

Equation 8??? | have no ideaof the basis for thisequation. Itis doing some sort of weighting of
undefined terms. Whatis the basis for the irreversibility factor (asentence to help the readerso that
they don’thave to look up that grey literature reference).

30 ppmvis the boundary between the two models (Mobile and new Tier 2). Do the two models predict
the same effectat 30 ppm? Figures 1-4 suggests thatthe modelslink up. Whatisthe basisfor the 30
ppmcut —justthatitisthe tier2 fuel standard?
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4.5. TOG and PM Speciation in MOVES for Air Quality Modeling

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestionsforthe report TOG and PM Speciation in MOVES for Air-Quality Modeling.

4.5.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefaultvalues?

4,5.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.5.1.2. Dr. Allen Robinson

The report provides some description of datasources. For example Table 12 pointsthe readerto
different EPAreports. Thatis valuable, butitis notclear thatthe informationinthe Table is sufficientif
a readerwantedto truly understand where the source profile came from. | have been frustratedinthe
past tryingto track down the source data for speciation profiles used in EPA models. Sometimes there
are no references (notaproblem here), but othertimes the references pointto a large report (the case
here). However, thesereports can be massive documents that describelots of data, butthe reader has
no ideawhich specificdatawere actually used to develop the input forthe model (or how they were
used). Maybe that is not an issue here (I have notgone and looked atthe underlying reports), but|
would encourage the authors to make sure the readertruly can figure out where the source profiles
came from so that can start with the actual data and recreate the actual profiles. Forexample, the
report could referto specificemissions dataform the underlying report.

The report seemstodo a betteronthe PM side of things (PMspeciation appendix, whichis built upon
thisunpublished paper). Itisvery helpful thatthe PM appendixincludes the actual profiles. | would
encourage EPA to write a similar Appendixforthe TOG speciation.

| was surprised thatthere modeling assumes thata constant EC/PM emission ratio for LDGV. This may
be because the KCVES did not test many Tier 2/LEV2 vehicles. The CRCA74/E96 projectfound a pretty
significantincreaseinthe EC/PMfor newerTier 2/LEV2 vehicles. Thishasbeen presentedin project
reportsand will be published shortly.

It also seems like default LDGV EC/PMratio is not appropriate for GDI, which are becomingalarger part
of the fleet. ARBhasbeen doingafair bitof testing of GDI — presumably those dataare available. This
will be critical for MOVES to be able to predict emissions from future fleets.
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4.5.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.5.2.1. Dr. Tom Durbin

Sections 3.1to 3.5 —The description hereisnotclear. In equation 1, defines a “speciation factor”. Then
lateron the page thereisa “speciationConstant” thatis not defined. Similarly, “oxySpeciation” does not
appearto be defined. The equations above table4 are also not clear. Does this mean that the speciation
isdefined separately forthe pure gasolineas opposed to the oxygenate part of the fuel. Whatisthe
voltowtpercentoxy term?

Table 13 isuseful, providing alink with other models, as our Figure 2 and Figure 3.

Section 5.1 step 1 — Itwould be useful to provide aone sentence explanation as to why the EC/PM2.5
ratios vary across operating modes.

Step 2 —last sentence “the nonECnonSO4PMas a whole.... (potential suggestion)

Step 4 — It would be useful to give asimple example of a basis temperature effect (effect on catalyst
temp, forexample).

Step 5 —For the crankcase emissions forthe pre-2007 diesel, there are some important factors thatare
left out that would be useful ininterpreting Table 14. In particular, from the MOVES2014 Heavy-duty
Emissions Rate Reportitindicates that “The crankcase emission factors shownin Table 51 are derived
such that the crankcase PM2.5 emissions are 20% of the PM2.5 exhaust measurements,and have an
EC/PMsplitof 1.57%.”

Top of page 28 — refersto Table 7, but this deals with VOC/NMHC not PM.

Step 8 — It seems like since there are only 7 categories that a table could actually be included with the
speciation profiles used for each of the categories.

4.5.2.2. Dr. Allen Robinson

No response.

4.5.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
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accurate and representative modelinputs? In making recommendations please distinguish between
casesinvolving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specifictechnical errors.

4.5.3.1. Dr. Tom Durbin

The methods and procedures appearto be reasonable forthis document. The bigger questionis
probably the description of the methods and the evaluation of the datasets, as described above. One
major category thatis missingis pre-2007 retrofit heavy-duty dieselengines and how these are
modeled. Also, GDI vehicles for future years.

4.5.3.2. Dr. Allen Robinson

| like the approach of definingnonECPMbecause ECis refractory while other components, in particular
OC, are semivolatile. Thisadditionisanimportant step towardsimplementingamore physically realistic
treatment of OC. However, |am concernedthat the model continuestotreat OCas an inert, non-
volatile component of the exhaust. Presumably MOVESis supposed to estimate the PMemissions at
typical atmosphericconditions (notthose in CVS). The problemisthatthe low levels of dilution
commonly often usedin vehicle testing campaigns such as the KCVES create high PM concentrationsin
the CVS. This biasthe gas-particle partitioning of the OC. Few studies have quantified the behavior, but
the recent CRC A74/E96 project demonstrates the issues with fleet of 60+ LDGV and MDDV/HDDV
vehicles (see May et al. dx.doi.org/10.1021/es400782j | Environ. Sci. Technol. 2013, 47, 8288-8296,

May etal. AtmosphericEnvironment 77(2013) 128e139). At a minimumthe reportshould pointout
this limitation thatthe emission rates may be overestimated because of partitioning biases. |would
encourage EPA to start explicating accounting forthese biasesin both the MOVES emission ratesand
source profiles. This can be done usingthe volatility distributionsin the May et al. papers and the
measured CVS concentrations.

| was confused with section 3which describesthe method for converting between different classes of
gas phase organics (NMOG, TOG, THC, etc.).

m  First, Title of section 3. Hydrocarbon speciation. |found this confusing. Hydrocarbons are organic
compounds that contain carbon and hydrogen. Thisisa subset of the organic, which can contain
compoundsinadditiontoCandH. Thisshould be called total organicgas speciation.

B Secondlam concerned with definingthe THC emissions based on whatis measured by the FID. |
realize thatthisis standard definition butitis not scientifically correct. The FID measures carbon. A
problemisthatthe measurement efficiency is species dependent (as mentioned in the document).
The FID quantitatively measure carbonsin hydrocarbons (organiccompounds comprised of carbon
and hydrogen) and the standard propane calibration works well. However, the FID can also measure
some of the carbonin oxygenated organics (especially carbons not associated with oxygen atoms) so
some of the signal inthe FID comes from oxygenated organics, which are not hydrocarbons.
Therefore, there is no straightforward interpretation of the FID signal, butit does detect more than
justthe hydrocarbon emissions.
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m Third, | could not follow the equations used to convert between the different classes of organic
gases (NMOG to NMHC, etc.— e.g. section 3.2). This correction seemsto be relatively
straightforward —it appears that you are simply using different ratios of, e.g. NMOG to FID defined
THC. Not surprisingly, these ratios depend on vehicle MY and type of fuel.

m | willfocus my commentsonsection 3.2 but the same comments to apply to the other sections (e.g.
3.3) that perform the same analysis. Whatis the basis of equation (1)? Some underlying physical or
chemistry principle? How isequation (1) used? Isequation (1) used to derive un-numbered
equationslateron page 9?7 What isthe definition CFis molar or mass carbon fraction? MPC is mass
of what? percarbon? Where is FIDx defined —give table orreference? Isthe speciation constant
listedin Table 5 the same as the speciation factor defined by equation 1? If so thenyouneedto
reconcile the names. |tried played with equation with equation (1) but could not figure out some of
theinputs. It should be clearthat | found this whole section pretty confusingand do nothave a
basicunderstanding of what MOVES is doing, never mind being able to reproduce the calculations.

m |tseemsthatthe keyto calculatingthe neededratiosis notequation (1) but the un-numbered
equationslisted on page 9. The inputsforthese equations appearto be giveninTable4and 5. |
assume thatthese valuesare fixed (or can the userinput a difference volume to weight percent
oxygen)? Where did these values come from? Derived fromfuel analyses? Derived from fitting
experimental data? If theyare fixed, thenitseemslike one could getrid of Table 4 and simply
replace Table 5 with the actual ratios used to convert between NMHCand NMOG for the different
model yeargroups. That would be much simpler. Ithink that the equations make itappearthat
whatis beingdone is more sophisticated thenitis.

Page 25 “Step 2” states that sulfate and particular water emissions were obtained by speciation profiles.
However, | thought these were calculated with the sulfate model?

The report should definewhatis meant by the ratios of means (or mass weighted means) used to create
average profiles. Right now the reportassumesthe readercan knows this.

4.5.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
madeare appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate model inputs while allowing a reasonable
margin of environmental protection.

4.5.4.1. Dr. Tom Durbin

Again, the most critical assumption appearsto be where the datasets sufficiently coverthe vehicle
categoriesthatare neededforthe model. Additional categories that could be added include pre-2007
retrofit heavy-duty dieselengines and GDI vehicles for future years, as well as some of the datasets
described above.
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4.5.4.2. Dr. Allen Robinson
Limited datafor GDI. Thisis notmentionedinreport. ARBhasbeen doingsome work on this.

Limited datafor CNG. This isacknowledgedinthe report. Notclearhow critical a gap that isgiventhe
limited number of CNGvehicles (maybeimportantin places like LA or NYC with lots of CNG buses?).

Limited datafor post-2007 diesels, especially on long-term performance on aftertreatment devices.

These limitations are expensive to address. They should be pointed outinthe report.

4.5.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting modelinputs empirically consistent with the body of data and literature that has come
to yourattention?

4.5.5.1. Dr. Tom Durbin

The resultingmodel inputs appearto be consistent with exhaust emissions formation and the associated
literature.

4.5.5.2. Dr. Allen Robinson

The PM profiles were weighted using Kansas City MSA VMT data. How sensitiveare the profiles to that
assumption? Ifthey are sensitivethen that potentially creates anumber of concerns. How
representative is that of otherareasin the country? How representative are they of future vehicle
fleets?

Section 4.2 — “But they are the majorspecies by mass and reactivity” lam concernedaboutthe gaps
between speciated and total emissions. The standard approach (adopted here),assumesthatthe
unspeciated portion of the NMOG behaves the same as the speciated. Thislikelyis notthe case whenit
comes to secondary organicaerosol (SOA) formation. The unspeciated emissions are likely acomplex
mixture of higher molecular weight species—these species contribute disproportionately to SOA
formationrelativeto lighterspecies (e.g. propane).

“while assuring that the PM2.5 species achieved a 100% mass balance” | find these sorts of statements
very concerning, especially given that these sorts of renormalizations are often poorly documented
resultingin users not beingaware of these assumptions. Itisimportanttodocumentifthere are
significant mass balance discrepancies, notjust normalizethem away. | realize thatthe profiles don’t
have a PM_unkown species, but enforcing mass balance may create other problems.

Otherstudies with diesel (e.g. Schaueretal. 1999 EST, Subramanian etal. 2009 EST) show a pretty
significantgap in PM mass balance for diesels (sum of speciated low).

ICF Intemational 4-29 February 25,2014



Final Report on the Peer Review of the Fuel Effects, Toxics Emissions, Total Organic Gases (TOG) and Particulate
Matter (PM) Speciation Analysis Reports

4.5.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.5.6.1. Dr. Tom Durbin

B extraspace-— page 3 1st sentence (THC),; page 4 elementalcarbon “ 5; Page 7 last sentence 1.”
mightbe extraspace; page 8 undertable 3 (field meanbase rate in..; page 14 section heading ...for
Evaporative

m add space— page 8 (TOG): h;

m  add comma— page 3 3rd sentence, such as; page 6 nonECPM, such as; page 28 2nd full paragraph
(i.e.,;

B page 3 sentence 4add “to make TOG” to end of sentence.

m page 3 lastsentence first paragraph ..seemsto be missing something

m page 3 second paragraph 3rd sentence —underdifferent measurement

B page 4 elementalcarbon—can a reference tothe TOR method be provided?

B page 4 chemical mechanism—to speed up the atmospheric...

B pageb5integratedspecies—3rd sentence CM-speciate is unclear

m page 8 Table 4 notcentered—some headings are centered but not others throughout
B pagel2 and 13 —thereisan issue with the paging

m page 14 & 15— issue with section numbering should be 3.4 and 3.5

B page 15- section 4.1 1st sentence —MOVES2014 produces an or the output

m page 28— 3rd full paragraph thereisa referencein (EPA, 2014) and not numberformat

B page 28— last paragraph “capability”

4.5.6.2. Dr. Allen Robinson

Page 5 Intermediate PMsection-- ECisnot a “real” speciesinthatit is not a distinct chemical substance
but somethingthatis operational defined. Although notdefined, lassumed areal species was an actual
chemical specieslike CO.

Page 7 Real speciation profile —A key shortcomingis that these real profiles are incomplete—they are
typically missing around a quarter of the TOG mass. This pointis mentioned later butshould be
mentioned here as well.

Page 7 — | am concerned with definingthe THC emissions based on whatis measured by the FID. |
realize thatthisis standard definition butitis not scientifically correct. The FID measures carbon. A
problemisthatthe measurement efficiency is species dependent (as discussed in the document). For
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FID quantitatively measure carbonsin hydrocarbons (organiccompounds comprised of carbon and
hydrogen) and the standard propane calibration works well. However, the FID will also measuresome
oxygenated organics (especially carbons not associated with oxygen atoms) so some of the signal in the
FID comes from oxygenated organics, which are not hydrocarbons.

The qualifier “start” is often used to characterize the emissions. Everyinstance of thatshould be further
classified as cold or hot start, as that can make a big difference on emissions. Many timesitwas not
clearwhat type of start the text was referring too.

Page 3 defined by discrete —missing by

Page 3 although “county”? Notsure whatcountyis

Page 9 “asthe all” delete the

Page 14 — “3.1 NMHC and VOCcalculations...” this section headingis misnumbered.

PM fractions of median profilegreaterthan 1 - how much greaterthan 1?
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4.6. PM2.5 Speciation in MOVES

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestionsforthe appendixPM2.5Speciationin MOVES.

4.6.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficient to allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefaultvalues?

4.6.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.6.1.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.1.2.

4.6.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.6.2.1. Dr. Tom Durbin

p. 3 Why was EC measured for considerably more vehicles for the KCVES than OC. What method was
used for the EC?

The comparisons in Table A-8 and the associated discussion is valuable in that it ties the current
estimates to earlier model estimates and data in the literature.

Under Table A-4. The discussion needs to be clarified about how OM is split into organic carbon and
non-carbon organic matter using the relationship: OM=1.2 * OC. The table seems to show that the OC
isscaled down and thenrenamed OM, whichis subsequently modified by the 1.2 factor. It seems that it
would be best to start out by saying that the initial OC includes organic carbon, a positive artifact, and
other non-carbon species associated with the organic carbon (such as hydrogen, oxygen, etc.).

4.6.2.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.2.2.
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4.6.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevant disciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
cases involving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.

4.6.3.1. Dr. Tom Durbin

Although the silicone contamination from the connecting pieces from the transfer line can be removed,
is it possible that some other PM species relating the transfer line heating/burning. | see in another
section that there is some compensation for other species, but it reinforces the idea that EPA should
consider a broader range of data sources in its modeling.

Although the Kansas City study is one of the more recent comprehensive studies of gasoline PM, it is not
obvious that fleet average composition profiles would be representative of the fleet going into the
future. On page 2, it does indicate that there were differences in PM2.5 composition that between
different model year groups. If there are differences between Tier O, Tier 1, and NLEV/Tier 2 vehicles,
will afleetaverage profile be adequateforthe fleet goinginto the future. Of course, future generations
of the model will need toinclude GDI vehicles, as more information on their PMspecies profiles become
more available. Additionally, how are light-duty diesel vehicles accounted for in the model?

4.6.3.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.3.2.

4.6.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
madeare appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

4.6.4.1. Dr. Tom Durbin

Although the silicone contamination from the connecting pieces from the transfer line can be removed,
isit possible that some other PM species relating the transfer line heating/burning.

It seems reasonable that the sample size might be too high to capture high emitters in each of the
model years groups, and especially for newer model years. It would be interesting to know if the
population of high emitters in the KCVES was comparable to that found in previous studies of high
emitters, although many of those estimates were made in older studies.
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How different is the PM2.5 composition by model year groups? As this would be an important
consideration in terms of using the fleet average approach.

There are some differences between the cruise and transient OC/PM factors. How was it determined
that the transient cycle is more representative than the cruise for heavy-duty vehicles. Is this based on
more urban driving?

For the 2007+ heavy-duty vehicles, while it is understandable to utilize measurements that are not
background corrected and the associated negative numbers. It should be noted and understood that
this would likely overestimate the contributions of different individual species. Nevertheless, the
breakdowninTable A-9, with a predominantly sulfate contribution and minimal contribution from minor
species seems reasonable.

The discussion relating to the exclusion of sulfate-bound water provides a good basis for this assumption
and isadequately described.

4.6.4.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.4.2.

4.6.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting model inputs empirically consistent with the body of data and literature that has come
to yourattention?

4.6.5.1. Dr. Tom Durbin

The intercomparisons between the modelinputs and the available data for the pre-2007 heavy-duty
vehiclesindicate that the model inputs are reasonably representative. The relatively low sulfate
contributionin these profiles may not be appropriate for retrofit heavy-duty dieselvehicles, however.

4.6.5.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.5.2.

4.6.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.6.6.1. Dr. Tom Durbin

B p. 2. Missing high emitterstudy

m page 1 2nd paragraph —updated speciation profiles changes
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m thereferencesare numberedinthe main document, but use the name/yearformatinthe Appendix
m  add comma-— page 3 (effective beginning 2006-2008),;

m page 3 3rd paragraph. Missing period after.....161.2 ppm. Fuel sulfur....

B page3 2ndto last sentence. imnpute

m page5 The CRC E-55/59 is listed three differentwas ....E55/59, -55/59, E-55/59

B page6 firstsentence —extraspace 2010). !; and 1st full sentence begins with number; 2nd to last
full sentence on page beingswithanumber

®m page 7 2nd paragraph “Instead we used calculated”; last sentencein paragraph impacteding
m page 8 lastsentence —the adjusted OCspeciation factors are

B page b5 integratedspecies—3rd sentence CM-speciate is unclear

m page 8 Table 4 notcentered—some headings are centered but notothers throughout

B page 12 and 13 —thereisan issue with the paging

B page 14 & 15— issue with section numbering should be 3.4and 3.5

B page 15- section 4.1 1st sentence —MOVES2014 produces an or the output

B page 28— 3rd full paragraph thereisa referencein (EPA, 2014) and not numberformat

B page 28— last paragraph “capability”
4.6.6.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.6.2.
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4.7. Estimating Elemental Carbon Factions

This section provides averbatim list of peer reviewer comments submitted in responseto the charge
guestions forsection 2.3 Estimating Elemental Carbon Fractions, IN: Development of Emission Rates for
Light-duty Vehicles in the Motor Vehicle Emissions Simulator (MOVES2014).

4.7.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefault values?

4.7.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.7.1.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.1.2.

4.7.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.7.2.1. Dr. Tom Durbin

No response.

4.7.2.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.2.2.

4.7.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
casesinvolving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specifictechnical errors.
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4.7.3.1. Dr. Tom Durbin
No response.
4.7.3.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciation in MOVES for Air Quality Modelingin Section 4.5.3.2.

4.7.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
madeare appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate model inputs while allowing a reasonable
margin of environmental protection.

4.7.4.1. Dr. Tom Durbin
No response.

4.7.4.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.4.2.

4.7.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting model inputs empirically consistent with the body of data and literature that has come
to yourattention?

4.7.5.1. Dr. Tom Durbin
No response.

4.7.5.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.5.2.

4.7.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.
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4.7.6.1. Dr. Tom Durbin

The photoacoustic instrument should provide relatively good measurements for EC over a range of
concentrations. The 2.4 mg/mi differences between the TOR and the photoacoustic seems a bit high.
How due these two measurements compare to the total PM mass on the filter would be agood question
to address here. Also, how high are the PM mass emission rates, where the 2.4 mg/mi offset would be
small considered to be asmall fraction of. Seems like 2.4 mg/mi would be a bignumberin comparison to
emission rates of typical modern vehicles.

15t sentence —extra space ( PM2.5)
Final sentence in first paragraph —speciation is misspelled

4.7.6.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.6.2.
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4.8. Updates to PM2.5 Emission Rates in MOVES2014

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestionsforsection 2.5 Updatesto PM2.5 Emission Ratesin MOVES2014, IN: Development of Emission
Rates for Light-duty Vehicles in the Motor Vehicle Emissions Simulator (MOVES2014).

4.8.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefault values?

4.8.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.8.1.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.1.2.

4.8.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.8.2.1. Dr. Tom Durbin

No response.

4.8.2.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.2.2.

4.8.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
casesinvolving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.
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4.8.3.1. Dr. Tom Durbin
No response.
4.8.3.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciation in MOVES for Air Quality Modelingin Section 4.5.3.2.

4.8.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
madeare appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate model inputs while allowing a reasonable
margin of environmental protection.

4.8.4.1. Dr. Tom Durbin
No response.

4.8.4.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.4.2.

4.8.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting model inputs empirically consistent with the body of data and literature that has come
to yourattention?

4.8.5.1. Dr. Tom Durbin
No response.

4.8.5.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.5.2.

4.8.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.
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4.8.6.1. Dr. Tom Durbin

The issue of silicone contamination is probably something that needs further consideration. | think that
some rational should be given in this description as to where the 4.075 factor comes from. In fact, |
looked through the referenced ES&T paper and did not find anything either, unless there was a error

with the reference numbering. This issue further emphasizes points raised above that EPA probably is
using too narrow a focus in the data sets that it considers.

2" paragraph — 4% sentence —add comma ....rates, as documented...

4.8.6.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciation in MOVES for Air Quality Modelingin Section 4.5.6.2.
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4.9. Computation of Elemental Carbon and Non-Elemental Carbon
Emission Factors

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestions forsub-section 2.1.3.5 Computation of Elemental Carbon and Non-Elemental Carbon Emission
Factors, IN: Development of Emission Rates for Heavy-Duty Vehicles in the Motor Vehicle Emissions
Simulator (MOVES2014).

4.9.1. Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficientto allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regional default values?

49.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.9.1.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.1.2.

4.9.2. Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

49.2.1. Dr. Tom Durbin
No response.
4.9.2.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.2.2.

4.9.3. Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
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cases involving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.

4.9.3.1. Dr. Tom Durbin
No response.

4.9.3.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.3.2.

4.9.4. Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
made are appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

49.4.1. Dr. Tom Durbin
No response.

4.9.4.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.4.2.

4.9.5. Consistency with Existing Body of Data and Literature

Are the resulting modelinputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physicaland chemical processes involved in emissions formation and control?
Are the resulting model inputs empirically consistent with the body of data and literature that has come
to yourattention?

4.9.5.1. Dr. Tom Durbin

No response.

4.9.5.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.5.2.

4.9.6. General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.
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4.9.6.1. Dr. Tom Durbin
It would be interesting to see how the EC fractions developed based on Kweon et al. compare to those
of othershould, which could be evaluated by looking at cycles such as cruise cycles, oridle, vs. transient

cycles. Comparisons could be made against E-55/59 or studies by CARB.

Last paragraph on 1%t page — 1% sentence add comma afteri.e., ; and alsothe reference for Kweonis
giveninthe author/yearformat, whereas the referencesinthe back are listed by number.

4.9.6.2. Dr. Allen Robinson

Refertoresponse to TOG and PM Speciationin MOVES for Air Quality Modelingin Section 4.5.6.2.
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4.10. Estimation of Air-Toxic Emissions from Highway Vehicles in the
Motor Vehicle Emissions Simulator (MOVES 2014)

This section provides averbatim list of peerreviewer comments submitted in responseto the charge
guestions forthe report Estimation of Air-Toxic Emissions from Highway Vehicles in the Motor Vehicle
Emissions Simulator (MOVES 2014).

4.10.1.Adequacy of Selected Data Sources

Does the presentation give a description of selected data sources sufficient to allow the reader to forma
generalview of the quantity, quality and representativeness of data used in the development of emission
rates? Are you able to recommend alternate data sources might better allow the model to estimate
nationalor regionaldefault values?

4.10.1.1. Dr. Tom Durbin

Refertoresponse to All Documents Reviewed in Section4.1.1.1.

4.10.1.2. Dr. Allen Robinson

| thoughtthat the reportdid not do a good job of providingin text citations to the data sources. Often
whenthe reportreferredto a data source there was not an in textcitation. Forexample, on page 14 --
they were taken directly from the ComplexModel Spreadsheet “CM Final.xIs”. Need areference for this
spreadsheet. Thisisjuston example.

Pre2000 vehicles (Section 2.1) Thismodelisbased onoldTier0 data, whichisappliedtoa large fraction
of Tierlvehicles. Thereisalot of speciated dataforTier1 vehicles fromthe KCVES. Why was a model
not developed based onthatdata? The proposed model should be tested againstthe KCVES Tier 1data
to demonstrate thatitisapplicable tothose vehicles. Ataminimumthis needsto be discussed.

4.10.2.Clarity of Analytical Methods and Procedures

Is the description of analytic methods and procedures clear and detailed enough to allow the reader to
develop an adequate understanding of the steps taken and assumptions made by EPA to develop the
modelinputs? Are examples selected for tables and figures well chosen and designed to assist the reader
in understanding approaches and methods?

4.10.2.1. Dr. Tom Durbin

p. 6 — 2" paragraph discusses pre-2001 vehicles and 2004+ vehicles, but does not address 2001-2004
vehicles. 4" paragraph —what two fuel properties are used for evaporative emissions.

p. 15 — its not clear whatis meant by the phrase that “relations of air toxic emissions to changes in fuel
properties has remained stable from Tier Oto Tier 1”
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p. 17 — There is a reference to modeling 2000 and earlier vehicles on E15-E20, but not discussion on
factors that would be used for such fuels. It would be useful to atleast reference the section where this
will be discussed.

For section 2.2.1 see suggestions for the report “Gasoline Fuel Effects for Vehicles Certified to Tier-2
Standards”. Then on page 32, it talks about the “full” vs. “reduced” design. The fact that the reduced
design represents 5 vehicles and 11 fuels (as opposed to 5 vehicles by 27 fuels) should be discussed in
the 1%t paragraph, rather than the 2", Then the 2" paragraph talks about Table 30 and 31 before these
tablesare introducedin the 3™ paragraph, so the 2" paragraph seems out of place. It should at least be
mentioned here that acrolein, benzene, and 1,3 butadiene are not modeled for hot running emissionsin
this section (even though itis discussed in the next section). The approach using “information parity”
appears to the reasonable for NMOG and ethane.

Section 2.1.3 — It should be mentioned at the start of the paragraph that metals are represented both
with these metals and the metals presented in the PM2.5 emission profile. Also, “conservative” is
probably tooweak a term to describe using the bag 2 emission rates, since its actually more of an upper
limit estimate (although this only appears to be the case for manganese).

p. 42 — A recent study by CARB/UC Riverside/UC Davis should provide some information related to
biodiesel emission factors.

p. 42/43 seems like final paragraph on 42 and 1t paragraph on 43 could be combined, since the three
different references to Table 39 in these paragraphs is a little confusing.

p. 46 —section 2.3.4 — Itseems like dioxin emissions might be overestimated using a data set with such
older vehicles. This might be worth mentioning in the text.

p. 47 —section 2.4.2 — Its not clear what the basis of the particulate to gaseous phase split is for the
PAHs. If itis discussed previously, it should be reiterated here.

p. 53 — 3" paragraph on 20% ethanol. Its unclear what fuel speciation data was used here. Was this from
in-use fuels? Since the test fuels were not necessary representative of average fuels, butrather
representthe extremes of in-use fuels. Table 51 is useful.

4.10.2.2. Dr. Allen Robinson

The report commonly uses the word “fraction” or “toxicfraction”. You needto define fraction of what—
VOC, NMOG, THC, etc (presumablyeach of these isdefined using standard EPA definitions). Fortables
actually definingin headeras was done forTable 20 is useful. Alsoisthisamass or a mole fraction.

Please make sure thatall variables are defined—a nomenclature table with units should be added to the
report.

Centering data(page 10) — It appears that you are using a different centering approach forolderdata
than forthe new model (e.g. eqn 8). Why were differentapproaches used?

What is meant by model year specificweightings (page 10)? What do these weights represent?
Fraction of vehiclesforagivenyear?
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Equation 1— what are the units of the different variables?
Table 8 — Complex model coefficients—these are beta’sin equation (1).

Page 13 “For each compound, the model equations as shown in Error! Reference source not found., are
evaluatedfora“base” and a “target” fuel.” This base fuel residesin MOVES? Isthisthe same as the
average fuel listed in Table 7?

Page 14 — equation 3. Itwas not clearhow the weights are beingapplied. You are tryingto derive one
adjustmentfactorforall pre2000 vehicles? Are youdrivingaseparate factorforthe 10 different
technology classes? This needsto be clarified.

Table 12 -- Accordingtothe textthese weightsrepresent prevalence foragiventechnology year.
Prevelance means what? Fraction of vehicles based on number, VMT? | am confused that Table 12 lists
weights based on “age” as opposed to model years? Is thisage relative to 2000? It would be clearto
define abase yearto calculate age.

Equation 6 -- What is lyoc? Where doesthe value come from? The standard moves code.

Post2000 organicemissions are based on models derived from the EPAct data. It was notclearif these
models are the same as those inthe EPAct report. | assumedthat they were. If so, the Toxicreport
needs to specifically acknowledge that. Inaddition, itshould provide specificreferencesto which
models are being used as the EPAct report describes awhole bunch of models. Please provide in text
citationsforthe EPAct report.

Table 1 —Are all these hydrocarbons? There are compounds that contain elements otherHand C, which
| don’tconsiderto be hydrocarbons.

Whenyou use the term “start” please defineitas eithercold (e.g. bag 1 of LA92 with appropriate
preconditioning) or hot start (bag 3 of LA92).

Page 6 “algorithms” —are these really curve fits as opposed to algorithms?

Page 8 “Toxicsinputsfor MOVES are not explicitly designed to vary by temperature.” Notsure whatthis
means? The outputs do notvary withtemperature? Whatdoestemperature referto? Ambient? Cold
versus hotstart?

“In addition, while MOBILE6.2 relied on very limited data from heavy-duty gasoline vehicles, MOVES
applies Complex Model algorithms to both light-duty and heavy-duty gasoline vehicles” Isthere a basis
for this extensions. Have additional heavy duty gasoline vehicledatabeen obtained? If notwhyis
MOVES being extended to heavy duty gas while MOBILE did not?

Page 16 (last sentence of first paragraph) Does MOVES have representative fuel datafor different
regions and simulations year? Given the focus of fuel dependence of emissions providing the userwith
arobust setof defaultfuel values (yearand region) would be helpful.

Equation 7—what isV and what are its units? Equation 7 and associated parametersin Table 13 were
derived by fitting MOBILE output. Why not fit directly the original data or use the original
parameterizationin MOBILE? You claim thisequation providesthe bestfit. What are statistics of fit?
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Table 12 -- What do these weightrepresent? The distribution of different classes of vehicles in different
model years? Itseemslike the minimum age of 2000 vehicle is 13years (if runninga present day
simulation).

“It should be noted that the sulfureffectstermsinthe equations were notincluded; rather, sulfur
effects ontoxicemissions were assumed to be proportional to the sulfurimpacts on total VOC
estimated by MOVES.” Sulfureffectsinwhatequations? Thereisnosulfurinequation 7(whichisthe
equationthatthissentence seemstoreferto).

Table 16 existsin Pre-2000 section (2.1—infactitisin section 2.1.1.1.3) butappears to apply more
generally. Move intoa more general section of the report?

Do youreally wantto call ethanol blends gasohol? When | hear gasohol | think of Brazil.

Page 31 “one setrepresenting start emissions and asecond set representing hot-running” start
emissionsis hotstart (LA92 bag 3) or cold start (LA92 bag 1, with appropriate conditioning).

There are table reference problems (e.g. seepage 32, 35, 38, 40, ...). There are other instances of this.

Table 27, 28, etc. Are these parameters fromthe EPActreport. If so provide citation. Please cite the
specificmodel fromthe EPActreport, notjustthe general report.

Page 40 Whatis0C2.5 VOC?

Page 41—dioxins and furans— “to be similar” You are assumingthemto be the same notjustsimilar.
Seems like these estimates are very uncertain since they are based onvery old vehicles.

The word “data” is plural. E.g. Data were not data was

Diesel PAH data— Similar problems with the partitioning estimates. Partitioningin Schauerstudyis
biased compared to atmosphere. This needsto be explicitly notedinthe report. Thereisa“higher
concentration of particlesin diesel exhaust” compared to gasoline exhaustin the CVS or plume, but not
inthe atmosphere. Concentrationsinthe atmosphere not exhaust is what matters for partitioning.

Table 49 — Particle phase naphthalene? That mustbe a measurementartifact.

4.10.3.Appropriateness of Technical Approach

Are the methods and procedures employed technically appropriate and reasonable, with respect to the
relevantdisciplines, including physics, chemistry, engineering, mathematics and statistics? Are you able
to suggestorrecommend alternate approaches that might better achieve the goal of developing
accurate and representative modelinputs? In making recommendations please distinguish between
cases involving reasonable disagreement in adoption of methods as opposed to cases where you
conclude that current methods involve specific technical errors.
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4.10.3.1. Dr. Tom Durbin

Overall, the complex model provides a robust framework for modeling acetaldehyde, formaldehyde,
benzene, and 1-3 butadiene, especially with its recent updates.

Table 7 —the mean value for centering the sulfur at 204 ppmw is relatively high compared to current
sulfur levels. Will this potentially be modified going into the future.

Tables8to 11 —What do the dashesin the table represent? Isthat where the datashow no effect or are
insufficient? For example, there is no sulfur effect on formaldehyde.

For MTBE, the model applied previously in MOBILE6.2 should be adequate, especially since MTBE use is
essentially historical. Similarly, in section 2.2.2.1.1, the use of Tier 1 and earlier vehicles for Tier 2
vehicles appears reasonable.

Section 2.1.2 Its not clear what samples are being used to estimate the PAHs. It talks about a set of 99
samples beingused for the fractions in the second paragraph and how the fractions are determined in
terms of PAH/THC and PAH/OC2.5. Then it talks about the partitioning into gaseous and particulate
phases in the 3™ and 4" paragraph that appears to be based on 2 vehicles in the medium emitter
category, which was selected from 4 samples collected at two temperatures. Why was the “medium
emitter” sample selected? How significant were the differences between the samples collected at 20°C
and 47°C? If there were big differences wouldn’t that make a big difference in the partitioning for the
PAH/THCand PAH/OC2.5for the other99 samples? Thenitsunclear what Table 20 represents, since itis
multiplying fractions (PAH/THC and PAH/OC2.5) by fractions (Table 19) in a seemingly strange was.
Where do the absolute emission rates for the individual species play in here?

Page 37 - Although benzene can be a function of fuel benzene, it can also be a function of other low
weight aromatics, especially toluene. In the EPA study on benzene, how did toluene levels vary between
the fuels.

Section 2.3 — Developing the air toxics factors from the E-75 database appears to be a reasonable
approach. Its unclear how these factors might account for states with low levels of aromatics, such as
California. Also, its unclearwhy the partitioning for the PAHs was made based on a medium-duty diesel
engine. Maybe just one sentence to clarify this.

The ACES study provides a good data set for the development of the air toxics factors for the 2007 and
new engines. p. 49 section 2.4.4— Would be interested to see how backgrounds were dealt with in this
study. At such levels backgrounds would be important in terms of not overestimating emissions.

Section 2.6 — CNG emissions — For the PAHs, is there any consideration given to how the oxidation
catalyst would reduce PAHs. It appears that the estimates were based on measurements without an
oxidation catalyst, but that these are applied to both technology categories. p. 51-section 2.6.3 — By
usingthe only the data where chromium and nickel were detected, this would presumably overestimate
emissions. Were the metal rates from heavy-duty engines also considered before deciding to use the
gasoline emission rates.
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Section 3 — Some more details should be provided for why the hot soak and running loss algorithms
from MOBILE6.2 are applied to MOVES for the non-permeation factors. The methodologies for the
permeation factors appear reasonable.

Appendix A—the fleet of vehicles used for this study appears to be too heavily weighted towards older
vehicles. Were the results for the different vehicles to provide a profilethat was more representative of
the modern fleet.

Using an average exhaust flow might tend to underestimate emissions, since often periods of higher
emissions also can be periods with higher exhaust flow.

Last paragraph —by using only the first 715 seconds, would this over represent cold start emissions.

4.10.3.2. Dr. Allen Robinson

Itisnot clear why the demarcation forthe gasoline vehicles is MY2000 — it seems like the years in which
tier 1 ortier2 vehicles were introduced would make alot more sense. In contrast, the MY2007
distinction fordiesel vehicles makes alot more sense than the apparently arbitrary splitfor gasoline
vehicles.

Page 19 section 2.1.1.2 It seemsvery problematicto be using emissions datafrom EPActfor a new Tier
2 vehicle toapply tothese oldervehicles to simulate emissions from high ethanol fuel operations froma
pre2000 vehicle. The uncertainty mustbe verylarge. Canyourun oldervehicleson E85? There seems
to be little basis forthis extrapolation—it seems like you are simply tryingto be comprehensive. Ideally
a quantitative estimate of uncertainty should be provided for this estimate. Ata minimum MOVES
should flag the value as massively uncertain.

Phase partitioning of PAH (page 21). This appliestoall vehicles (pre2000and post2000). Howeveritis
inthe pre2000 section. | found this confusing. Why not have one section that says PAH emissions of all
gasoline vehicles estimated using this approach.

More PAH: There is a paragraph that provides the caveat that “gas-particle partitioning of PAHs emission
inthe atmosphere depends on particle and gas concentrations, exhaust temperatureand otherfactors.”
Itisgood to state this. However, presumably the relevanttemperature foratmosphere partitioningis
atmospherictemperature (notexhaust). This paragraphimplies, but does not specifically state, that the
gas particle partitioning measured in source testis not representative of atmosphericconditions (orat
leastnotall atmosphericconditions). |think thatthis caveat needsto be explicitly stated. “The gas
particle partitioning of PAHs measured in source tests and implemented in MOVESis likely not
representative of atmospheric partitioning.”

More PAH: The model use results for composite class, “medium emitters,” to estimate gas particle
partitioning of all PAHs. Why was a medium-emitters class used? lalsosuspectthatthe conditions
inside the CVSduringthe test of these old vehicles (esp. PAH concentrations, PM concentrations, BC
concentrations) are not representative of atmosphericconditions (orthe newerTier 2vehicles). This
likely biases phase partitioning towards particle phase. EPA should choose atestin which the conditions
concentration and temperature inside the CVS were within the envelope of conditions that likely occur
inthe atmosphere. Thislikely would be atestfora cleanervehicles. Anevenbetterapproach would be
to review the literature of ambient gas-particle partitioning measurements of these compounds and use
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those values (asopposedtovaluesfromasource test). Finally, if the phase partitioning of PAHs is an
important outputforsome of MOVES uses thenit is not difficult toimplement a gas-particle partitioning
model.

Table 20 —-The same PAH emissions ratios appearto be applied to all vehicles, which are based on some
sort of fleetaverage from the entire KCVES (orjust the pre-2001 vehicles)? Itis not clear why this
approach was adopted. With thisapproach youare lockingin the emissions based on afleetthatwas
10 yearsoldtoday. How constant were these ratios acrossthe fleet? If theyare not constant, why not
stratified the emissionsinto classes (atleast Tierl, Tier2) which willallow the model to betterforecast
future emissions?

4.10.4.Appropriateness of Assumptions

In areas where EPA has concluded that applicable data is meageror unavailable, and consequently has
made assumptions to frame approaches and arrive at solutions, do you agree that the assumptions
made are appropriate and reasonable? If not, and you areso able, please suggest alternative sets of
assumptions that might lead to more reasonable or accurate modelinputs while allowing a reasonable
margin of environmental protection.

4.10.4.1. Dr. Tom Durbin

p. 9 at the top The EPA assumption that metals should be independent of temperature appears
reasonable. It might be useful to examine metal emissions as a function of operation mode, however,
for example, comparing more vs. less aggressive driving, although perhaps not forthe metalsincludedin
Table 4.

Page 16 developingregressions for ETBE and TAME from algorithms for ethanol and MTBE appears to be
areasonable assumption, especially as these fuels are not at all prevalent.

p. 37 — Whenmodeling 1,3 butadiene as 0.0 for hot-running operation, the impact of olefins should be
considered. Lateronthe page — CRC E-83 can be considered forolefins, although thesevalues were near
background levels as well.

Section 2.2.2.2 — Overall, the assumptions used in this section appear to be reasonable, as E85 data are
not available for some of the toxics being measured. The section does use a range of different
descriptions of higherethanol levels from E70 to E85 to 74% ethanol without clearly describingwhen all
of these different conditions are applied. Forexample is the same factor used for E70 and E85? Also, on
page 40, the approach that ethanol contributes no PAHs should be verified. A UC
Riverside/CEC/SCAQMD study will be completed next year that will provide some data in that area.

Section3 - For section 3.1.1, when usingthe fuel speciation from the EPAct study to make estimates for
E15 and E20, was the volatility of the species considered? This would not necessarily be an essential
change.
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4.10.4.2. Dr. Allen Robinson

In this chapter/reportthere is widerrange of data quality compared to otherreports and chapters.
Some of the models are based on pretty robust data sources (e.g. basicgaseous organicairtoxics), but
others are based on data that, at best, are loosely related to the source (Why should fraction of
hexavalent chromium emissions from a stationary turbine be representative of onroad vehicles? Orwhy
should emissions fromatier2 E85 vehicle be representative of emissions from much oldervehicle
operating on high ethanol blends). lunderstand the desireforthe model to be comprehensive as
possible, butthe uncertainty of the predictions willvary widely. It does notseem like the model user
will have any ideaabout the quality of the predictions. Ideally each MOVES prediction would provide a
guantitative estimate forevery prediction. Ata minimumthe model should provideagrade (e.g. similar
to AP42) foreach pollutant. Forpollutants with robust models, the grade willbe high (e.g. A). Forless
robust models (e.g. hexavalent chromium), the grade would be poor (e.g. F).

In some cases there are important sources of data that have not been utilized (e.g. KCVES to estimate
pre2000 vehicle air toxics emissions or PAH emissions for post2000 vehicles).

CNG buses—It seemslike there is more data available. WVUhas done a bunch of testing on transit
buses. Aerodyne research also did abunch of chase studies of CNG powered transitbusesin which they
measured high formaldehyde emissions.

Section 2.1.3 Metals —You assume constant emission rates across fleet (which seems plausible, much
more so than for PAHs). However, if there were systematicvariations in metals emission rates across
the fleet why not stratify the model to capture them. What isthe quality of the metal emissions?
Presumably metal emissions will be sensitiveto lube oil therefore itis not clear how widely applicable
the data are.

Hexavalentchromium—The speciationis based on stationary combustion turbine testing. Isthere any
reasonto think thatis applicable to on-road vehicles? If not, why evenreportit. At bestthe results will
be highly uncertain. Ithink thisan example of wherethe model predictions are not supported by robust
data.

Page 25 — Why are dioxins and furans expressed as TEQs as opposed to not mass. | am not familiar with
dioxins butitstruck me as strange. The quality of the dioxins dataseemed low.

4.10.5.Consistency with Existing Body of Data and Literature

Are the resulting model inputs appropriate, and to the best of your knowledge and experience,
reasonably consistent with physical and chemical processes involved in emissions formation and control?
Are the resulting modelinputs empirically consistent with the body of data and literature that has come
to yourattention?

4.10.5.1. Dr. Tom Durbin

Overall, the methodologies selected and applied forthis reportappearto be providing reasonable input
to the MOVES model. As additional data sets become available, they should also be considered for
incorporation into the model, as discussed above.
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4.10.5.2. Dr. Allen Robinson

The report does not provide sufficientinformation to asses this.

4.10.6.General/Catch-All Reviewer Comments

Please provide any additionalthoughts or review of the material you feel important to note thatis not
captured by the preceding questions.

4.10.6.1. Dr. Tom Durbin

® page5 extrapage

®m  p. 62" paragraph usedto calculatedtoxic..; final sentence “persistent” is not awell defined word
here.

m  p. 9 1% sentence —make it two sentences As-Metals... emission rates. Tthese rates ; 2" paragraph
look at indentation; final paragraph look atindentation

m page 10 1st paragraph don’t capitalize Airinjection; last sentence goes to next page
B page 11 1t sentence Table 8to Table 11.
B page 13 last sentence 1°* paragraph —last sentence signpost?

®m  page 16 2" paragraph MTBE levelsusingasimple regression;3™to last paragraph MTBE ...used for
TAME blends; 2"to last paragraph end of 1t sentence; last paragraph from the National County
Database;

m  page17 3 line 12 vol. % or more ortert.. extraspace
®m  page 19 3 sentence winter, orand blends

m  page 21 PAH seemslike itshould be PAHs throughout page andintitle; 2" paragraph end of 1¢t
sentence; 3" paragraph last sentence particulates and hydrocarbons also differ...and heavy-duty
vehicles, ; last sentence smallester highester e.g.,dibenzo..

B page 22 - I*' sentence table error; last sentence structure, which

B page 23— last paragraph 1° sentence end of sentence; page 24 include reference to 2005 EPA study;
15t paragraph 2™ to lastsentence ...differences...are

m  page 25— end of 3™ sentence
m page 31- lastsentence VOC emissions areis

®m page 32- several table referenceerrors; 3™ paragraph reverse order of second sentence; 4"
paragraph 1°* sentence VOCs; last sentencein this context,

B page 38— 20% ethanol, fractions; also switch the order of the last two sentencesin the final
paragraph. Also, eliminate “the” before Table 34 in the last sentence.
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m page 40— Table errorunder2.2.3.1; last sentence ...fractions are ...add period at end of sentence.
B page 42— sectiontitle should be pre-2007 or MY 2006 and earlier.

B page 43— tablereference errorinlast paragraph

®m  page 50— 2" sentence gasolineefordiesel

B page51- 1% paragraphundersection 2.6.3, end of last sentence in paragraph has extraspace?

m page 52— 1° paragraph after3.1 (evaporative?); later <source>

m page 55— undereq. 18 linearlyinterpolated

®  AppendixA— p. 61 2" paragraph 1°t sentence “in the raw exhaust”; p. 62 last paragraph the end of
the 1t sentenceisnoclear, and should have a comma after power,”; p. 63 last sentence “The
Eequation..”

4.10.6.2. Dr. Allen Robinson

Comparedtothe otherreportsthere were more typos, broken links, placeholders like “???” inthe text,
and many typos (e.g. superscripts for references and on numbers, e.g. see Table 47) in this report.

ICF Intemational 4-54 February 25,2014



Final Report on the Peer Review of the Fuel Effects, Toxics Emissions, Total Organic Gases (TOG) and Particulate
Matter (PM) Speciation Analysis Reports

Appendix A. Dr. Tom Durbin’s Supporting Documentation

A.1. Reviewer’s Delivery Email (i.e., Cover Letter)
Seefiles: Tom Durbin Review.msg.pdf
Tom Durbin Review Cover Letter.pdf
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A.2. Reviewer’s CV
See file: Durbin CV 2013.pdf
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A.3. Reviewer’s COI Statement
Seefile: COI Disclosure_Durbin(FE) Redacted.pdf
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Appendix B. Dr. Allen Robinson’s Supporting Documentation

B.1. Reviewer’s Delivery Email (i.e., Cover Letter)
Seefiles: Allen Robinson Review (1 of 2).msg.pdf
Allen Robinson Review (2 of 2).msg.pdf
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B.2. Reviewer’s CV
See file: ALRCV Current.pdf
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B.3. Reviewer’s COl Statement
Seefile: COI Disclosure_Robinson(HD) Redacted.pdf
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