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[bookmark: _Toc5629282]Executive Summary  
The summary must provide a concise overview of the air quality analyses and conclusions and be designed to be excerpted into the overall National Environmental Policy Act (NEPA) document for the project. The sample text provided below should be modified as appropriate for the project. The summary may be augmented with charts and/or tables as appropriate to the study. If previous air quality studies have been conducted for the project, they should be referenced in the text or a footnote. 

The Virginia Department of Transportation (VDOT) is proposing to “construct a flyover spanning Route x and provide connectivity between Blvd, which currently terminates at Place, on the north side of Route x; and Pkwy on the south side of Route x. No access from Route x to flyover is planned. Bridge will include bike & pedestrian facilities”[footnoteRef:2]. The project does not involve additional capacity on Route x itself.  [2:  	VDOT Scoping Report (PM-100), January 2016] 


The proposed improvements were assessed for potential air quality impacts and conformity consistent with all applicable air quality regulations and guidance. All models, methods and assumptions applied in modeling and analyses were made consistent with those provided or specified in the VDOT Resource Document[footnoteRef:3]. The assessment indicates that the project would meet all applicable federal and state transportation conformity regulatory requirements as well as air quality guidance under the National Environmental Policy Act (NEPA). As such, the project will not cause or contribute to a new violation of the national ambient air quality standards (NAAQS) established by the US Environmental Protection Agency (US EPA). Additional detail on the analyses conducted for this project is provided below[footnoteRef:4].  [3:  	In 2016, in order to facilitate and streamline the preparation of project-level air quality analyses, and maintain high quality standards for modeling and documentation, the Department created a new resource for modeling. Titled the “Resource Document”, it includes a general reference document as well as an associated online data repository (DR) for all modeling inputs needed for project-level air quality analyses in Virginia. The VDOT Resource Document and DR address in a comprehensive fashion the models, methods and assumptions (including data and data sources as well as protocols) needed for the preparation of air quality analyses for transportation projects by or on behalf of the Department. The latest version of the VDOT Resource Document and DR along with air quality-related programmatic agreements are available on or via the Department website (http://www.virginiadot.org/projects/environmental_air_section.asp).]  [4:  	Note, per Section 4.7 of the VDOT Resource Document, and in the absence of federal requirements or guidance otherwise, a greenhouse gas analysis is not required, as the project does not involve an environmental impact statement (EIS).] 


Carbon Monoxide (CO):  As the project is located in a region that is attainment of the CO NAAQS, only NEPA applies. EPA project-level (“hot-spot”) transportation conformity requirements do not apply. 



IF PROJECT-SPECIFIC CO MODELING WAS CONDUCTED:
For purposes of NEPA, worst-case emission and dispersion modeling for CO was conducted for the project for the following <intersections, roadways or interchanges>. The worst-case modeling assumptions are consistent with EPA and FHWA guidance as well as the VDOT Resource Document and included:  

For emission factor modeling:
· Regional registration (age) distributions were applied that were not adjusted (as a limitation of the EPA MOVES model) for mileage accumulation rates that generally decline with age. This assumption effectively weights older higher-emitting vehicles the same as newer lower-emitting vehicles, resulting in higher estimates for fleet-average emission factors. 
· Worst-case emission factor selected as that for the maximum (or higher) road grade for each link.
· Although the project is located in an area (northern Virginia) in which it is subject to emission inspection and maintenance (I&M) program requirements, I&M benefits were not incorporated into the emission modeling for this project.
For dispersion modeling:
· Traffic volumes representing LOS E conditions, which typically exceeds actual opening and design year ADT forecasts for build scenarios by substantial margins. Depending on the project, volumes may also be increased with the worst-case assumption of additional through lane(s) to account for auxiliary lanes or ramps.
· Worst-case receptor locations on the edge of the roadway right-of-way, i.e., at the closest possible point to roadway.
· Worst-case geometric assumptions that serve to concentrate traffic, emissions and concentrations to the greatest extent possible:
· Zero vertical separation for the grade separation (interchange)
· Zero median widths for arterial streets and minimum distance for freeways
· Lane widths of 11 ft, compared to the standard 12 ft
· Other federal default data for most model inputs (e.g., low wind speeds, surface roughness, and stability class), which result in higher modeled estimates of ambient concentrations than are expected to occur in practice.
IF THE FHWA-VDOT PROGRAMMATIC AGREEMENT FOR CO STUDIES WAS APPLIED:
Other <intersections, roadways or interchanges> potentially affected by the project were determined to meet the applicable criteria specified in the 2016 Programmatic Agreement (PA) between the Federal Highway Administration (FHWA) and VDOT, and so not require project-specific CO modeling for purposes of NEPA. For the programmatic agreement, extensive modeling using "worst-case" input parameters was conducted for various typical project types, configurations, and operating conditions in order to identify thresholds for traffic volumes, number of lanes, skew angles etc. that, if not exceeded for a specific project, would indicate that it would not be expected to significantly impact air quality or cause or contribute to a violation of the CO NAAQS.

Overall, the results indicate that, even with assuming worst-case traffic volumes and other worst-case modeling inputs, ambient levels of CO in the vicinity of the project are expected to decline significantly over time and remain below both the one-hour and the eight-hour NAAQS. In general, emissions and ambient concentrations drop significantly over time (through the project opening and design years) due to more stringent fuel quality standards along with continued fleet turnover to vehicles designed to meet more stringent emission standards. The project therefore is not expected to cause or contribute to a violation of the CO NAAQS.

Mobile Source Air Toxics (MSATs) 
Qualitative or quantitative MSAT analyses are only required for projects involving an EA or EIS. For projects involving a CE, this section should simply note that an MSAT analysis is not required as the project involves a CE.
Federal Highway Administration (FHWA) guidance[footnoteRef:5] (2016) states that “EPA identified nine compounds with significant contributions from mobile sources that are among the national and regional-scale cancer risk drivers or contributors and non-cancer hazard contributors from the 2011 National Air Toxics Assessment (NATA)[footnoteRef:6]. These are 1,3-butadiene, acetaldehyde, acrolein, benzene, diesel particulate matter (diesel PM), ethylbenzene, formaldehyde, naphthalene, and polycyclic organic matter.” The FHWA guidance specifies three possible tiers of MSAT analysis and associated traffic volume and other criteria, based on which this project may be categorized as one with <no meaningful>, <low> or <higher> potential MSAT effects based primarily on the forecast traffic volumes for this project. A <qualitative> or <quantitative> assessment was therefore conducted for the project, following FHWA guidance for projects with <low> or <higher> potential impacts.  [5: 	FHWA, “INFORMATION: Updated Interim Guidance on Mobile Source Air Toxic Analysis in NEPA Documents”, October 18, 2016. See: http://www.fhwa.dot.gov/environment/air_quality/air_toxics/    ]  [6:  	See: https://www.epa.gov/national-air-toxics-assessment ] 


Overall, best available information indicates that, nationwide, regional levels of MSATs are expected to decrease in the future due to ongoing fleet turnover and the continued implementation of increasingly more stringent emission and fuel quality regulations. Nonetheless, technical shortcomings of emissions and dispersion models and uncertain science with respect to health effects effectively limit meaningful or reliable estimates of MSAT emissions and effects of this project at this time. While it is possible that localized increases in MSAT emissions may occur as a result of this project, emissions will likely be lower than present levels in the design year of this project as a result of EPA's national control programs that are projected to reduce annual MSAT emissions by over 80 percent between 2010 and 2050. Although local conditions may differ from these national projections in terms of fleet mix and turnover, vehicle-miles-travelled (VMT) growth rates, and local control measures, the magnitude of the EPA-projected reductions is so great (even after accounting for VMT growth) that MSAT emissions in the study area are likely to be lower in the future in nearly all cases.

Climate Change and Greenhouse Gases (GHGs) 
A qualitative GHG analysis is only required for projects involving an EIS, per Section 4.7 of the VDOT Resource Document[footnoteRef:7] (Footnote 3 should be deleted in these cases, i.e., if a GHG analysis is provided.) For projects not involving an EIS, a GHG analysis is not needed. The following GHG analysis is an example taken from a recent study (US Route 121).  [7:  	In the absence of applicable federal guidance (following the withdrawal of 2016 guidance issued by the Council on Environmental Quality), Department policy applies.
See: https://www.gpo.gov/fdsys/pkg/FR-2017-04-05/pdf/2017-06770.pdf. ] 

A qualitative analysis for climate change and GHGs was conducted following applicable federal guidance. GHG emissions from vehicles using roadways are a function of distance travelled (expressed as vehicle miles travelled, or VMT), vehicle speed, and road grade.  GHG emissions are also generated during roadway construction and maintenance activities.

Under the No-Build Alternative, VMT would gradually decline between 2010 and 2040 as employment and population in the area decline.  (These trends are discussed in more detail in the Socioeconomics, Land Use, and Visual Impacts Technical Report.)  However, under the Build Alternatives, changes in land use due to employment and population increases lead to an increase in VMT relative to the No-Build Alternative.  Under the No-Build Alternative, VMT declines approximately 11% between 2010 and 2040; under the Build Alternatives, VMT would increase by approximately 10% compared to 2010 levels (the increases range from 9.6% to 10.4% depending on alternative).  Nationally, the Energy Information Administration (EIA) estimates that VMT will increase by approximately 38% between 2012 and 2040, so the VMT increase under the Build Alternatives is still far below the projected national rate.[footnoteRef:8] [8:  	Calculated from Annual Energy Outlook 2015, Table A7.  The increase in VMT is calculated from 2012 because AEO2015 does not include data for 2010.] 


A major factor in mitigating this increase in VMT is EPA’s GHG emissions standards, implemented in concert with national fuel economy standards.  EIA projects that vehicle energy efficiency (and thus, GHG emissions) on a per-mile basis will improve by 28% between 2012 and 2040.  This improvement in vehicle emissions rates is more than sufficient to offset the increase in VMT.  Thus, the project area would see a net reduction in GHG emissions under any of the Build Alternatives, even though VMT increases relative to the No-Build Alternative and 2010 levels.

Other factors related to the project would also help reduce GHG emissions relative to the No-Build Alternative.  For example, the project would improve vehicle speeds by reducing the number of curves and increasing the typical curve radius and design speed, and by providing an extra lane so that motorists can more easily pass slow-moving vehicles.  

The addition of new roadway miles to the study area roadway network would also increase the energy and GHG emissions associated with maintaining those new roadway miles in the future.  Depending on alternative, the total roadway miles in the study area that need to be maintained on an ongoing basis would increase by between 10% and 18% relative to the No-Build Alternative.  The increase in maintenance needs due to the addition of new roadway infrastructure would be partially offset by the reduced need for maintenance on existing routes (because of lower total traffic and truck volumes on those routes).

Indirect Effects and Cumulative Impacts (IECI)
The following text for IECI analyses is taken from recent studies. 
A qualitative assessment of the potential for indirect effects and cumulative impacts attributable to this project was conducted. It concluded that the potential effects or impacts are not expected to be significant given available information from pollutant-specific analyses (CO and MSATs) and regional conformity analyses.  

Outside of Northern Virginia: 
More specifically, the quantitative assessments conducted for project-specific CO and the <qualitative> or <quantitative> analyses for MSAT impacts can be considered indirect effects analyses because they look at air quality impacts attributable to the project that occur in the future. These analyses demonstrate that, in the future: 1) air quality impacts from CO will not cause or contribute to violations of the CO NAAQS, and 2) MSAT emissions will be significantly lower than they are today.

Regarding the potential for cumulative impacts, EPA’s air quality designations for the region reflect, in part, the accumulated mobile source emissions from past and present actions. Since EPA has designated the region to be in attainment for all of the NAAQS, the potential for cumulative impacts associated with the project is not expected to be significant.

Northern Virginia:
More specifically, the quantitative assessments conducted for project-specific CO, <qualitative> or <quantitative> analyses for MSAT impacts and the regional conformity analysis conducted for ozone can all be considered indirect effects analyses because they look at air quality impacts attributable to the project that occur in the future. These analyses demonstrate that, in the future: 1) air quality impacts from CO will not cause or contribute to violations of the CO NAAQS; 2) MSAT emissions will be significantly lower than they are today; and 3) the mobile source emissions budgets established for the region for purposes of meeting the ozone NAAQS will not be exceeded.

Regarding the potential for cumulative impacts, the annual regional conformity analysis conducted by the National Capital Region (NCR) Transportation Planning Board (TPB, which is the Metropolitan Planning Organization or MPO for the Washington, D.C. metropolitan nonattainment area for ozone) represents a cumulative impact assessment for purposes of regional air quality. The conformity analysis quantifies the amount of mobile source emissions for which the area is designated nonattainment that will result from the implementation of all reasonably foreseeable regionally significant transportation projects in the region (i.e. those proposed for construction funding over the life of the region’s transportation plan).  The most recent conformity analysis was completed in Month 201x, with FHWA and FTA issuing a conformity finding on <date> for the Transportation Improvement Program and Constrained Long-Range Transportation Plan covered by that analysis. The analysis demonstrated that the incremental impact of the proposed project on mobile source emissions, when added to the emissions from other past, present, and reasonably foreseeable future actions, is in conformance with the State Implementation (Air Quality) Plan (SIP) and will not cause or contribute to a new violation, increase the frequency or severity of any violation, or delay timely attainment of the NAAQS established by EPA. 

Mitigation: Emissions may be produced in the construction of this project from heavy equipment and vehicle travel to and from the site, as well as from fugitive sources. Construction emissions are short term or temporary in nature. To mitigate these emissions, all construction activities are to be performed in accordance with VDOT Road and Bridge Specifications[footnoteRef:9]. [9:  	See: http://www.virginiadot.org/business/const/spec-default.asp ] 


Update the documentation of VDEQ comments for the specific jurisdiction(s) in which the project is located:
The Virginia Department of Environmental Quality (VDEQ) provides general comments for projects by jurisdiction. Their comments in part address mitigation. For <jurisdiction>, VDEQ comments relating to mitigation are[footnoteRef:10] “…all reasonable precautions should be taken to limit the emissions of VOC and NOx.  In addition, the following VDEQ air pollution regulations must be adhered to during the construction of this project: 9 VAC 5-130, Open Burning restrictions[footnoteRef:11]; 9 VAC 5-45, Article 7, Cutback Asphalt restrictions[footnoteRef:12]; and 9 VAC 5-50, Article 1, Fugitive Dust precautions[footnoteRef:13].” [10:  	Spreadsheet entitled: “DEQ SERP Comments rev8b”, March 2017, downloaded from the online data repository for the VDOT Resource Document. http://www.virginiadot.org/projects/environmental_air_section.asp ]  [11:  	See: http://leg1.state.va.us/000/reg/TOC09005.HTM#C0130 ]  [12:  	See: http://leg1.state.va.us/cgi-bin/legp504.exe?000+reg+9VAC5-45-760 ]  [13:  	See: http://leg1.state.va.us/cgi-bin/legp504.exe?000+reg+9VAC5-50-60 ] 


Update conformity status as applicable:
Project Status in the Regional Transportation Plan and Program: Federal conformity requirements, including specifically 40 CFR 93.114[footnoteRef:14] and 40 CFR 93.115[footnoteRef:15], apply as the area in which the project is located is <designated as nonattainment for ozone> <or> <subject to regional conformity requirements for the 1997 ozone NAAQS[footnoteRef:16]>. Accordingly, there must be a currently conforming transportation plan and program at the time of project approval, and the project must come from a conforming plan and program (or otherwise meet criteria specified in 40 CFR 93.109(b))[footnoteRef:17].  [14:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-114.xml  ]  [15:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-115.xml ]  [16:  	Per a 2/16/2018 court decision (South Coast Air Quality Management District v. EPA), all areas in the country that were in nonattainment or maintenance for the 1997 eight-hour ozone NAAQS before its revocation by EPA in 2015 were again made subject to conformity for that standard. This decision in part affects “orphan areas” (as defined in the ruling), which in Virginia include Fredericksburg, Richmond/Tri-Cities, and Hampton Roads. The court ruling may be viewed at: https://www.cadc.uscourts.gov/internet/opinions.nsf/217B6778AE3EC89C8525823600532AE0/$file/15-1115-1718293.pdf
In November 2018, EPA issued “Transportation Conformity Guidance for the South Coast II Court Decision” (EPA-420-B-18-050). While the guidance eliminated the need for regional emission analyses for orphan areas (p.11), it maintained certain requirements for project-level analyses for these areas, namely: “Consultation requirements (40 CFR 93.112)”; “There is a currently conforming transportation plan and TIP in place (40 CFR 93.114)”; and “The project is from that transportation plan and TIP (40 CFR 93.115).” See: https://www.epa.gov/state-and-local-transportation/policy-and-technical-guidance-state-and-local-transportation.]  [17:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-109.xml ] 


As of the date of preparation of this analysis, the project is included in the currently conforming FY 20xx-202x Transportation Improvement Program (TIP) and 20xx Long Range Transportation Plan (LRTP). The LRTP and TIP are developed by the metropolitan planning organization (MPO) for the region, whose members include VDOT[footnoteRef:18]. [18:  	See: http://www.mwcog.org/transportation/tpb/. ] 
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Include a brief description of project and alternatives, including the project location, year of anticipated completion, phasing, and design elements or scoping information that may inform the emission and dispersion modeling to be conducted. The latter may include key detail such as project termini, before and after number of lanes, design and posted speeds, grade and slopes, median widths, right of way, typical sections, etc. Inclusion of the project in the applicable transportation plan and/or program should be noted if that information is available. Readers may be referred to other publicly available documents (EA or EIS project description sections for example) for related information such as Purpose and Need as defined for NEPA. Alternatively or additionally, such information may be provided by NEPA staff to ensure that all technical studies have the same background information and general presentation. Include exhibits for project location map, plans, aerials, and typical sections to help readers visualize the project. An example is provided below based on a recent project.

The Virginia Department of Transportation (VDOT) is proposing to “construct a flyover spanning Route x and provide connectivity between Blvd, which currently terminates at Place, on the north side of Route x; and Pkwy on the south side of Route x. No access from Route x to flyover is planned. Bridge will include bike & pedestrian facilities”[footnoteRef:19].  [19:  	VDOT Scoping Report (PM-100), January 2016] 


As of the date of preparation of this analysis, the project is included in the currently conforming FY 20x1x-202x Transportation Improvement Program (TIP) and 20xx Long Range Transportation Plan (LRTP). The LRTP and TIP are developed by the National Capital Region Transportation Planning Board, which is the metropolitan planning organization (MPO) for the region, whose members include VDOT[footnoteRef:20]. [20:  	See: http://www.mwcog.org/transportation/tpb/. ] 


The project does not involve additional capacity on Route x itself. Exhibits 1.1.1 and Exhibit 1.1.2 provide an overview and an aerial of the project area, respectively. Exhibit 1.1.3 presents the project plan and profile title sheet. Exhibit 1.1.4 presents details on current road grades for Route x, Boulevard and other local roads. Exhibits 1.1.5 and 1.1.6 present Alternatives 1 and 2 for the proposed grade separation (Blvd Overpass). 



Template Air Quality Analysis (April 2019)		Page 1 
UPC xxxxxx, Route x 

[bookmark: _Toc336610107][bookmark: _Toc524530677]Exhibit 1.1.1:  Project Location
[image: ]
   	 Source: VDOT IPM (intranet), accessed 6/14/2016


Template Air Quality Analysis (April 2019)		Page 7 
UPC xxxxxx, Route x 
[bookmark: _Toc524530678]Exhibit 1.1.2:  Aerial 

[image: ]
Source: ___  2016


[bookmark: _Toc524530679]Exhibit 1.1.3:  Plan and Profile 
[image: ]
    		 Source: VDOT IPM (intranet), accessed 6/14/2016

[bookmark: _Toc524530680]Exhibit 1.1.4:  Average Road Grades 

[image: ]
Source: VDOT Location & Design 2016
[bookmark: _Toc524530681]Exhibit 1.1.5:  Alternative 1 for the Grade Separation 
[image: ]
    Source: VDOT IPM (intranet), accessed 7/20/2016

[bookmark: _Toc524530682]Exhibit 1.1.6:  Alternative 2 for the Grade Separation 

[image: ]
   		Source: VDOT IPM (intranet), accessed 7/20/2016

[bookmark: _Toc458093876][bookmark: _Toc5629285]Summary of Traffic Data and Forecasts 
The purpose of this section is to summarize base and future year traffic for the No-Build Alternative and Build Alternatives. Include the source of the traffic data, traffic volumes for each link of the project, the analysis years, and other key traffic parameters for air quality analysis including intersection level of service, speeds and heavy truck traffic percentages. A summary table as shown in the example below should be included. Schematics illustrating the volumes on the corresponding links should be included. For larger projects, supporting traffic data tables and diagrams may be placed in an appendix or simply cross-referenced from the traffic technical report for the project. This section should also summarize traffic data needed to assess the project using applicable programmatic agreements and/or categorical findings, e.g., design year ADT or truck percentages.

The quality and reasonableness of the travel demand forecasting and traffic analysis is a crucial underpinning to meaningful project-level air quality analysis and compliance with the “latest planning assumptions” requirement under the transportation conformity rule. Travel demand forecasting assumptions (including underlying assumptions on future land use) have also been a focus area of litigation of transportation projects under NEPA. For more information on best practice recommendations for conducting travel demand forecasting for NEPA and transportation conformity purposes, refer to FHWA’s 2010 Interim Guidance on the Application of Travel and Land Use Forecasting in NEPA.[footnoteRef:21] See also NCHRP Report 765[footnoteRef:22], which addresses the development of traffic data and forecasts for project-level design purposes, and the associated Quick Reference Guide[footnoteRef:23] that addresses the development of traffic and activity data for project-level air quality analyses specifically. [21:  	See: http://environment.fhwa.dot.gov/projdev/travel_landUse.asp]  [22:  	NCHRP Report 765 Analytical Travel Forecasting Approaches for Project-Level Planning and Design, 2014
See: http://www.trb.org/Main/Blurbs/170900.aspx ]  [23:  	Quick Reference Guide for Traffic Modelers for Generating Traffic and Activity Data for Project-Level Air Quality Analyses, NCHRP 25-25 Task 96 Report, 2018. 
See: http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=3971 ] 


An example of a summary traffic data section is provided below, excerpted from a CO analysis for an overpass over Route x. This summary primarily specifies design year ADT and truck percentages that are to be considered later in the report to determine the applicability of screening thresholds for air quality analyses that include traffic forecasts among several technical criteria for consideration (either as part of a programmatic agreement, categorical finding or available guidance). More detailed traffic forecasts including turning movements for CO intersection modeling and LOS data would be included in a later section of the report and/or in an appendix.

For Route x, which is not being improved as part of this project but is the major crossroad, average daily traffic (ADT) is forecast to be 106 and 102 thousand for the build and no-build scenarios respectively by the design year of 2041[footnoteRef:24]. For the project-opening year 2022, ADT is forecast to reach 103 and 101 thousand respectively for the build and no-build scenarios. Truck percentages are low, comprising only 3% of daily traffic volume (with 1% each from Class 4-5, 6-7, and 8-13 trucks) [footnoteRef:25]. [24:  	VDOT District, “ROUTE x ENTRADA2016-01 Analysis Outputs for Air Quality Study”, February 1, 2016]  [25:  	VDOT District email, 6/21/2016] 


Exhibits 1.2.1 and 1.2.2 present design year ADT forecasts[footnoteRef:26] and truck percentages[footnoteRef:27] respectively for Blvd, which is the focus of improvements for this project. Note the truck percentages presented in Exhibit 1.2.2 are based on the combined traffic counts for local roads, which was taken by District Transportation Planning Division to represent the anticipated conditions for the proposed Route x Overpass as well as the other local roads.  [26:  	VDOT District Memorandum, “Route x Blvd. Overpass”, March 13, 2015]  [27:  	Ibid.] 


Traffic forecasts are provided in Appendix A to this report.

Alternative text is provided below (taken from a different project) that provide just the basic traffic data needed to screen projects for the potential application of the federal categorical finding for carbon monoxide and/or one or more the FHWA-VDOT programmatic agreements,
Exhibit 2-1 presents a summary of base (2012), opening (2015) and design year (2035) average daily traffic (ADT) forecasts for the project (footnote reference). As shown in the exhibit, the peak ADT forecast for the design year is 173 thousand; the corresponding no-build forecast is 169 thousand, which is about 2.4% lower (footnote reference). Trucks comprise one percent of total traffic. 

Copies of the detailed traffic forecasts are provided as Appendix A to this report.



[bookmark: _Toc524530683]Exhibit 1.2.1: ADT Forecasts for Boulevard and Other Local Roads

[image: ]
   Source: 	VDOT District Memorandum, “Route x Blvd. Overpass”, March 13, 2015


Exhibit 1.2.2: Truck Percentages for Boulevard (Combined with Local Roads)

	
	Truck Percentages

	
	2X-6T
	3X+

	Daily
	4%
	0.2%

	AMPH
	3%
	0.2%

	PMPH
	3%
	0.0%



Source: VDOT District, 7/28/2016 





[bookmark: _Toc318758569][bookmark: _Toc318758821][bookmark: _Toc318758961][bookmark: _Toc318799758][bookmark: _Toc318758570][bookmark: _Toc318758822][bookmark: _Toc318758962][bookmark: _Toc318799759][bookmark: _Toc458093877][bookmark: _Toc5629286]Regulatory Requirements and Guidance
This section provides a brief overview of regulations and guidance applicable to project-level air quality analysis. Some agencies prefer to include detailed regulatory information in their reports to aid the reader in understanding the context for the analyses subsequently presented, while others prefer to keep the review of regulatory information very concise and focused on the provisions applicable to the specific project. The latter is the preferred approach for the Department. 

[bookmark: _Toc458093879][bookmark: _Toc5629287]National Environmental Policy Act of 1969 (NEPA) 

Federal requirements for air quality analyses for transportation projects derive from the National Environmental Policy Act (NEPA) and, where applicable, the federal transportation conformity rule (40 CFR Parts 51 and 93). NEPA guidance for air quality analyses for transportation projects may be found on or via the Federal Highway Administration (FHWA) website for planning and the environment[footnoteRef:28].  [28:  	See: http://www.fhwa.dot.gov/environment/index.cfm  ] 

[bookmark: _Toc318758965][bookmark: _Toc458093880][bookmark: _Toc5629288]FHWA Guidance for Implementing NEPA for Air Quality
[bookmark: _Toc318799763]Use the latest FHWA guidance, which at the time of preparation of this template, is the 1987 Technical Advisory (6640.8A).
For purposes of NEPA, general guidance for project-level air quality analyses is provided in the FHWA 1987 Technical Advisory 6640.8A, “Guidance for Preparing and Processing Environmental and Section 4(f) Documents”[footnoteRef:29]. That guidance focuses on carbon monoxide. FHWA provides separate guidance for mobile source air toxics (MSATs)[footnoteRef:30],[footnoteRef:31], including responses to “Frequently Asked Questions” (FAQs)[footnoteRef:32]. [29:  	See: https://www.environment.fhwa.dot.gov/projdev/impTA6640.asp ]  [30: 	FHWA, “INFORMATION: Updated Interim Guidance on Mobile Source Air Toxic Analysis in NEPA Documents”, October 18, 2016. See: http://www.fhwa.dot.gov/environment/air_quality/air_toxics/    ]  [31:  	See: http://www.fhwa.dot.gov/environment/air_quality/air_toxics/policy_and_guidance/ ]  [32:  	See: https://www.fhwa.dot.gov/environment/air_quality/air_toxics/policy_and_guidance/moves_msat_faq.cfm ] 


[bookmark: _Toc458093884][bookmark: _Toc5629289]Programmatic Agreements 
This section should only reference programmatic agreements if they are being applied for the project or if they were considered for application but key criteria were not met for the project. If a specific programmatic agreement listed below does not apply for the project, its description below may be omitted from the report.
In order to streamline the preparation of project-level air quality analyses conducted for purposes of NEPA, VDOT has implemented several programmatic agreements with FHWA. Copies of current agreements are available on the VDOT website[footnoteRef:33].  [33:  	See: http://www.virginiadot.org/projects/environmental_air_section.asp ] 

[bookmark: _Toc458093885]Project-Level Air Quality Analyses for Carbon Monoxide

In 2016, FHWA and VDOT executed the “Programmatic Agreement for Project-Level Air Quality Analyses for Carbon Monoxide” (2016 FHWA-VDOT PA, or 2016 PA), updating the prior (2009) PA. It specifies technical criteria for determining whether project-specific modeling for carbon monoxide will be needed, and was developed based on templates originally created in the 2015 NCHRP study “Programmatic Agreements for Project-Level Air Quality Analyses”[footnoteRef:34]. As the NCHRP template did not include skewed intersections, the 2016 FHWA-VDOT PA incorporates by reference the thresholds that were established for skewed intersections in the 2009 FHWA-VDOT PA. It is noteworthy that the 2015 NCHRP study report specifically acknowledged that its national-level templates were modeled on the 2009 FHWA-VDOT PA[footnoteRef:35]. [34:  	ICF International, Zamurs and Associates LLC, and Volpe Transportation Systems Center, “Programmatic Agreements for Project-Level Air Quality Analyses”, NCHRP 25-25 (78), 2015.  http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=3311 ]  [35:  	Ibid, page x.] 


The 2009 FHWA-VDOT “Project-Level Carbon Monoxide Air Quality Studies Agreement”[footnoteRef:36] (2009 PA) was based on the results of extensive modeling of worst-case analyses, which are presented in a separate Technical Support Document[footnoteRef:37]. The 2009 PA incorporated new technical criteria and thresholds (based on the worst-case modeling results) and represented a major update to prior agreements executed in 2004[footnoteRef:38] and 2000[footnoteRef:39].  [36:  	“Project-Level Carbon Monoxide Air Quality Studies Agreement”, FHWA-VDOT letter agreement executed February 27, 2009. ]  [37:  	“FHWA-VDOT Agreement On Project-Level Carbon Monoxide Air Quality Studies - Technical Support Document”, February 2009]  [38:  	FHWA-VDOT, “Project Level Air Quality Studies Agreement”, letter dated August 4, 2004 from FHWA to VDOT.]  [39:  	FHWA-VDOT, “VDOT request to raise the ADT threshold at which quantitative project-level carbon monoxide analyses are conducted”, letter dated August 7, 2000] 

Agreement for Updating Air Studies When New Planning Assumptions Become Available

On October 28, 2004, FHWA and VDOT executed a letter agreement defining “Procedures for Updating Air Studies When New Planning Assumptions Become Available” (2004 Update Procedures)[footnoteRef:40]. It provides guidance on when updated air quality studies are needed. Under this agreement, updates for air quality analyses may be required for projects for which a re-evaluation of the overall environmental document is being initiated to meet NEPA requirements and/or for projects for which changes may be needed for key modeling inputs for the air studies (such as design year and associated traffic forecasts).  [40:  	FHWA, “Procedures for Updating Air Studies When New Planning Assumptions Become Available”, letter dated October 28, 2004 from FHWA to VDOT.] 


As referenced above, the FHWA-VDOT Air Quality Agreement also limited the need for updates for CO studies to those for which “substantive changes” to modeling inputs are made, consistent with the related and more general protocol (applicable to all pollutants) that was specified in the 2016 VDOT Resource Document (see Section 4.1).


[bookmark: _Toc458093886]No-Build Analysis Agreement for Air and Noise Studies

On May 22, 2009, FHWA and VDOT executed a “No-Build Analysis Agreement for Air and Noise Studies” (2009 No-Build Agreement) [footnoteRef:41]. With regard to air quality, the 2009 No-Build Agreement only addresses CO. It requires:  [41:  	FHWA-VDOT, “No-Build Analysis Agreement for Air and Noise Studies”, letter agreement dated May 22, 2009. ] 

…for transportation projects within the Commonwealth of Virginia that require a carbon monoxide (CO) air study under the current Project-Level CO Air Quality Studies Agreement in effect between VDOT and FHWA, the following will govern the need for analysis of the interim and design year no-build alternatives in CO air studies:
A. Any project that qualifies for a Categorical Exclusion (CE) will be exempt from analysis of the no-build alternatives, although VDOT may choose to analyze the no-build alternatives if they determine it appropriate; 
B. Any project that qualifies for an Environmental Assessment (EA) will generally be exempt from analysis of the no-build alternatives, although VDOT may choose to analyze the no-build alternatives if they determine it appropriate; 
C. Any project that qualifies for an Environmental Impact Statement (EIS) will require analysis of the no-build alternative; …

[bookmark: _Toc458093889][bookmark: _Toc5629290]Transportation Conformity 
If conformity requirements do not apply for a specific project, this section may be streamlined or eliminated. Exceptions include:
· if EPA conformity guidance (section 2.2.2) for carbon monoxide (CO) analyses is still being applied (in whole or in part) at the discretion of the Department even though the area in which the project is located is not subject to conformity requirements, or
· if the FHWA categorical finding (section 2.2.3) for CO is being applied for the project.
The US Environmental Protection Agency (US EPA) issued the federal transportation conformity rule (40 CFR Parts 51 and 93) pursuant to requirements in the Clean Air Act (CAA) as amended[footnoteRef:42],[footnoteRef:43]. Copies of the EPA conformity regulation and associated guidance are available on the EPA website[footnoteRef:44]. In general, the rule requires conformity determinations for transportation plans, programs and projects in “non-attainment or maintenance areas for transportation-related criteria pollutants for which the area is designated nonattainment or has a maintenance plan” (40 CFR 93.102(b))[footnoteRef:45]. [42:  	See: http://www.epa.gov/air/caa/. ]  [43:  	While corresponding state regulations for transportation conformity may apply, they generally focus on consultation requirements (rather than technical) and are therefore not addressed here. See: http://law.lis.virginia.gov/admincode/title9/agency5/chapter151/ ]  [44:  	See: http://www.epa.gov/otaq/stateresources/transconf/index.htm ]  [45:  	See Sections 3.1-3.2 for more information on nonattainment and maintenance areas and the attainment status of the project area.
] 


  
[bookmark: _Toc484073434][bookmark: _Toc5629291]Project-Inclusion in Regional Transportation Plans and Programs

For projects in nonattainment or maintenance areas[footnoteRef:46], the federal transportation conformity rule requires a currently conforming transportation plan and program at the time of project approval (40 CFR 93.114)[footnoteRef:47] and for the project to be from a conforming plan and program (40 CFR 93.115)[footnoteRef:48]. If the project is of a type that is not required to be specifically identified in the plan, the project must be consistent with the policies and purpose of the transportation plan and not interfere with other projects specifically included in the transportation plan (40 CFR 93.115(b)).  [46:  	Per a 2/16/2018 court decision (South Coast Air Quality Management District v. EPA), all areas in the country that were in nonattainment or maintenance for the 1997 eight-hour ozone NAAQS before its revocation by EPA in 2015 were again made subject to conformity for that standard. This decision in part affects “orphan areas” (as defined in the ruling), which in Virginia include Fredericksburg, Richmond/Tri-Cities, and Hampton Roads. The court ruling may be viewed at: https://www.cadc.uscourts.gov/internet/opinions.nsf/217B6778AE3EC89C8525823600532AE0/$file/15-1115-1718293.pdf
In November 2018, EPA issued “Transportation Conformity Guidance for the South Coast II Court Decision” (EPA-420-B-18-050). While the guidance eliminated the need for regional emission analyses for orphan areas (p.11), it maintained certain requirements for project-level analyses for these areas, namely: “Consultation requirements (40 CFR 93.112)”; “There is a currently conforming transportation plan and TIP in place (40 CFR 93.114)”; and “The project is from that transportation plan and TIP (40 CFR 93.115).” See: https://www.epa.gov/state-and-local-transportation/policy-and-technical-guidance-state-and-local-transportation.]  [47:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-114.xml  ]  [48:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-115.xml ] 


Additionally, the design concept and scope of the project as specified in the program at the time of the regional conformity determination should be adequate to determine its contribution to regional emissions, and any mitigation measures associated with the project should have written commitments from the project sponsor and/or operator (40 CFR 93.115(c)).
[bookmark: _Toc3887968][bookmark: _Toc3888124][bookmark: _Toc3888184][bookmark: _Toc3888245][bookmark: _Toc476661873][bookmark: _Toc336609840][bookmark: _Toc458093891][bookmark: _Toc5629292]Project-Level Conformity Requirements
Although project-level conformity requirements do not apply in Virginia (in the absence of a CO or PM nonattainment or maintenance area), there are two cases in which background information on those requirements is still warranted for the report: 1) EPA provides detailed guidance for project-level analyses conducted for purposes of conformity, which may be applied at the discretion of the Department on a case-by-case basis for analyses to be conducted for purposes of NEPA, and 2) the federal categorical finding for CO (Section 2.2.2.3) is being applied. If neither CO modeling following EPA guidance nor the federal categorical finding for CO (Section 2.2.2.3) are being applied for the project being assessed, this entire section (2.2.2) should be deleted.
EPA provides detailed guidance for project-level analyses conducted for purposes of conformity[footnoteRef:49]. Although project-level conformity requirements for CO do not apply in Virginia (as it is in attainment for that pollutant), EPA conformity guidance for CO analyses may still be applied (in whole or in part) at the discretion of the Department for analyses to be conducted for purposes of NEPA.  [49:  	See: https://www3.epa.gov/otaq/stateresources/transconf/projectlevel-hotspot.htm ] 


EPA also specifies conformity requirements for the preparation of hot-spot analyses for CO in 40 CFR 93.123[footnoteRef:50], which includes the dispersion model to be applied. Specifically, the conformity rule at 40 CFR 93.123(a)(1) states that CO conformity analyses “... must be based on quantitative analysis using the applicable air quality models, databases, and other requirements specified in 40 CFR Part 51, Appendix W (Guideline on Air Quality Models) …”.  At the time of preparation of this report, Appendix W[footnoteRef:51] indicates that the CAL3QHC dispersion model may be applied for screening analyses for CO for transportation projects[footnoteRef:52].  [50:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-123.xml]  [51:  	US EPA, “Revisions to the Guideline on Air Quality Models: Enhancements to the AERMOD Dispersion Modeling System and Incorporation of Approaches to Address Ozone and Fine Particulate Matter”, 82 FR 5182. Federal Register link: https://www.gpo.gov/fdsys/pkg/FR-2017-01-17/pdf/2016-31747.pdf ]  [52:  	Ibid. See Section 4.2.3.1(b).] 

[bookmark: _Toc336609843][bookmark: _Toc458093895]
For reference, the most current version of the EPA emission model as of the date of this document is MOVES2014b[footnoteRef:53].  [53:  	See: https://www3.epa.gov/otaq/models/moves/index.htm ] 

[bookmark: _Toc458093899][bookmark: _Toc5629293]FHWA Categorical Finding for Carbon Monoxide

The federal transportation conformity rule at 40 CFR 93.123(a)(3) provides an option for the US Department of Transportation (US DOT), in consultation with EPA, to make a categorical hot-spot finding for CO based on appropriate modeling. In February 2014, the FHWA implemented a new categorical finding for CO, which they developed in consultation and cooperation with EPA. The FHWA updated the finding in 2017[footnoteRef:54]. In concept, the FHWA categorical finding serves effectively the same purpose for conformity purposes as a programmatic agreement does for NEPA. Note, under the terms of the 2016 FHWA-VDOT PA previously referenced and/or the VDOT Resource Document (via the protocol stated in Sections 3.22 & 4.2.3), and although Virginia no longer has a maintenance area for CO, the federal categorical finding for CO may still be applied for NEPA purposes at the discretion of the Department.  [54:  	See:  https://www.fhwa.dot.gov/environment/air_quality/conformity/policy_and_guidance/cmcf_2017/index.cfm ] 

[bookmark: _Toc318758583][bookmark: _Toc318758835][bookmark: _Toc318758975][bookmark: _Toc318799772][bookmark: _Toc318758584][bookmark: _Toc318758836][bookmark: _Toc318758976][bookmark: _Toc318799773][bookmark: _Toc318758585][bookmark: _Toc318758837][bookmark: _Toc318758977][bookmark: _Toc318799774][bookmark: _Toc318758586][bookmark: _Toc318758838][bookmark: _Toc318758978][bookmark: _Toc318799775][bookmark: _Toc318758587][bookmark: _Toc318758839][bookmark: _Toc318758979][bookmark: _Toc318799776][bookmark: _Toc318758588][bookmark: _Toc318758840][bookmark: _Toc318758980][bookmark: _Toc318799777][bookmark: _Toc318758589][bookmark: _Toc318758841][bookmark: _Toc318758981][bookmark: _Toc318799778][bookmark: _Toc318758590][bookmark: _Toc318758842][bookmark: _Toc318758982][bookmark: _Toc318799779][bookmark: _Toc318758591][bookmark: _Toc318758843][bookmark: _Toc318758983][bookmark: _Toc318799780][bookmark: _Toc318758602][bookmark: _Toc318758854][bookmark: _Toc318758994][bookmark: _Toc318799791]
[bookmark: _Toc5629294]Ambient Air Quality

[bookmark: _Toc5629295]National Ambient Air Quality Standards (NAAQS)
The NAAQS table referenced below (to be excerpted from the referenced EPA website) should be updated as needed with each project, in order to ensure that it always current.
Exhibit 3.1.1 presents the national ambient air quality standards (NAAQS) established by the EPA for criteria air pollutants, namely: carbon monoxide (CO), sulfur dioxide (SO2), ozone (O3), particulate matter (PM), nitrogen dioxide (NO2), and lead (Pb). There are two types of NAAQS—primary and secondary: “Primary standards provide public health protection, including protecting the health of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards provide public welfare protection, including protection against decreased visibility and damage to animals, crops, vegetation, and buildings.”[footnoteRef:55]  [55:  	From the preamble to the EPA NAAQS table: https://www.epa.gov/criteria-air-pollutants/naaqs-table ] 


Areas that have never been designated by EPA as nonattainment for one or more of the NAAQS are classified as attainment areas, while areas that do not meet one or more of the NAAQS may be designated by EPA as nonattainment areas for that or those criteria pollutants. Areas that have failed to meet the NAAQS in the past but have since re-attained them may be re-designated as attainment (maintenance) areas, which are commonly referred to as maintenance areas. 

Note EPA revoked the 1997 annual primary PM2.5 NAAQS effective October 24, 2016 with the implementation of the 2012 PM2.5 NAAQS[footnoteRef:56]. With that revocation, conformity requirements were eliminated for northern Virginia for PM2.5, which had been in maintenance for that pollutant.  [56:  	On August 24, 2016, EPA issued a final rule (81 FR 58010), effective October 24, 2016, on “Fine Particulate Matter National Ambient Air Quality Standards: State Implementation Plan Requirements” that stated, in part: “Additionally, in this document the EPA is revoking the 1997 primary annual standard for areas designated as attainment for that standard because the EPA revised the primary annual standard in 2012.”
See: https://www.gpo.gov/fdsys/pkg/FR-2016-08-24/pdf/2016-18768.pdf .  ] 


EPA provides the following background information on CO[footnoteRef:57]: [57:  	See: http://www.epa.gov/airquality/carbonmonoxide/ ] 


Carbon monoxide (CO) is a colorless, odorless gas emitted from combustion processes.  Nationally and, particularly in urban areas, the majority of CO emissions to ambient air come from mobile sources.  CO can cause harmful health effects by reducing oxygen delivery to the body's organs (like the heart and brain) and tissues.  At extremely high levels, CO can cause death.



[bookmark: _Toc524530684]Exhibit 3.1.1:  National Ambient Air Quality Standards (US EPA Tabulation) 

[image: ] 

    Source: Excerpted from: https://www.epa.gov/criteria-air-pollutants/naaqs-table, accessed 9/10/2018.

[bookmark: _Toc3887975][bookmark: _Toc3888131][bookmark: _Toc3888191][bookmark: _Toc3888251][bookmark: _Toc3887976][bookmark: _Toc3888132][bookmark: _Toc3888192][bookmark: _Toc3888252][bookmark: _Toc458093902][bookmark: _Toc5629296]Air Quality Attainment Status of Project Area
Specify the attainment status for the region as reported in the EPA Green Book. VDEQ comments (from Section 6 Consultation) may also be cited, as they also specify attainment status by jurisdiction covering all of Virginia. 

Outside northern Virginia:
The EPA Green Book[footnoteRef:58] lists non-attainment, maintenance, and attainment areas across the nation. It lists the jurisdictions within the area in which the project is located as being in attainment for all of the NAAQS. [58:  	EPA Green Book: https://www3.epa.gov/airquality/greenbook/faq.html ] 


Northern Virginia:
The EPA Green Book[footnoteRef:59] lists non-attainment, maintenance, and attainment areas across the nation. It lists the jurisdictions within the area in which the project is located as being in attainment for all of the NAAQS except ozone. [59:  	EPA Green Book: https://www3.epa.gov/airquality/greenbook/faq.html ] 


As noted in Section 6 on consultation, the Virginia Department of Environmental Quality (VDEQ) provides general comments by jurisdiction on proposed projects. With regard to attainment status for the area in which project is located, their comment[footnoteRef:60] is: “This project is located within a Marginal 8-hour Ozone Nonattainment area, and a volatile organic compounds (VOC) and nitrogen oxides (NOx) Emissions Control Area.  …” [60:  	Spreadsheet entitled: “DEQ SERP Comments rev8b”, March 2017] 


[bookmark: _Toc318758606][bookmark: _Toc318758858][bookmark: _Toc318758998][bookmark: _Toc318799795][bookmark: _Toc458093903][bookmark: _Toc5629297]Air Quality Data and Trends
Discuss the trend in emissions in the region for pollutant(s) of concern, including tables and/or charts as appropriate. The following example may be used as a general template that may be updated with project- and location-specific information as needed. 
[bookmark: _Toc458093904][bookmark: _Toc5629298]Carbon Monoxide (CO)

As shown in Exhibit 3.3.1, and due primarily to the implementation of more stringent vehicle emission and fuel quality standards, the national trend in ambient concentrations of CO is and has been downward for decades. The national trend is reflected in the relatively very low ambient CO concentrations observed in Virginia, as summarized in Exhibits 3.3.2 and 3.3.3. Currently, all values in Virginia are well under the one- and eight-hour NAAQS for CO.  
[bookmark: _Toc459123852][bookmark: _Toc5629299][bookmark: _Toc458093905]Other Criteria Pollutants

VDEQ issues an annual report summarizing air quality monitoring data for the previous year and updating long-term trend data for certain of the criteria pollutants tabulated in Exhibit 3.1.1[footnoteRef:61]. Exhibits 3.3.3 through 3.3.6 are excerpts from that report showing ambient air quality trends by pollutant over the previous decade. The trend lines are generally flat or downward, reflecting the benefit of emission reduction measures or programs implemented for both mobile sources (e.g., more stringent emission and fuel quality standards) and stationary sources (industry etc.). For these figures, pollutants are measured in parts per million (ppm) or parts per billion (ppb).  [61:  	The current edition (2016) of the VDEQ Annual Report does not provide a comparable chart showing recent trend lines for Pb, PM2.5 or PM10.] 


[bookmark: _Toc221613869][bookmark: _Toc336610114][bookmark: _Toc524530685]Exhibit 3.3.1:  Nationwide Long-Term Trend in Ambient CO Concentrations
  
[bookmark: IDX][image: C:\Users\christopher.voigt\Downloads\broker.png]
	

	       Source:  https://www.epa.gov/air-trends/carbon-monoxide-trends, accessed February 12, 2019.



[bookmark: _Toc524530686]Exhibit 3.3.2:  Ambient Concentrations of Carbon Monoxide in Virginia

	Site
	2017

	
	1-Hour Avg. (ppm)
	8-Hour Avg. (ppm)

	
	1st Max.
	2nd Max.
	1st Max.
	2nd Max.

	(19-A6) Roanoke Co.
	1.2
	1.0
	.8
	.7

	(72-M) Henrico Co.
	1.2
	1.1
	.9
	.8

	(158-X) Richmond
	1.7
	1.5
	1.3
	1.1

	(179-K) Hampton
	.9
	.8
	.6
	.6

	(181-A1) Norfolk
	1.7
	1.7
	1.3
	.9

	(46-C2) Fairfax Co.
	1.5
	1.5
	1.1
	1.1

	[bookmark: OLE_LINK7](47-T)  Arlington Co.
	2.1
	2.0
	1.6
	1.2



	Source: Virginia Department of Environmental Quality, “Virginia Ambient Air Monitoring 
	2017 Data Report”, November 2018. See:
	http://www.deq.virginia.gov/Programs/Air/AirMonitoring/Publications.aspx  

[bookmark: _Toc524530687]Exhibit 3.3.3:  Trend in Ambient CO Concentrations
(UPDATE CHART FOR THE PROJECT LOCATION)
[image: ]
	Source: Virginia Department of Environmental Quality, “Virginia Ambient Air 
	Monitoring 2017 Data Report”, November 2018. See: 
	http://www.deq.virginia.gov/Programs/Air/AirMonitoring/Publications.aspx  
[bookmark: _Toc452716298]
[bookmark: _Toc524530688]Exhibit 3.3.4: Trend for 1-hour Sulfur Dioxide (PPM) – Tidewater Region

[image: ]
	Source: Virginia Department of Environmental Quality, “Virginia Ambient Air 
	Monitoring 2017 Data Report”, November 2018. See: 
	http://www.deq.virginia.gov/Programs/Air/AirMonitoring/Publications.aspx 
[bookmark: _Toc452716299]

[bookmark: _Toc524530689]Exhibit 3.3.5: Trend for Annual Nitrogen Dioxide (PPM) – Tidewater Region

[image: ]
	Source: Virginia Department of Environmental Quality, “Virginia Ambient Air 
	Monitoring 2017 Data Report”, November 2018. See: 
	http://www.deq.virginia.gov/Programs/Air/AirMonitoring/Publications.aspx 

[bookmark: _Toc452716300][bookmark: _Toc524530690]Exhibit 3.3.6: Trend for 8-hour Ozone (PPM) – Tidewater Region

[image: ]
	Source: Virginia Department of Environmental Quality, “Virginia Ambient Air 
	Monitoring 2017 Data Report”, November 2018. See: 
	http://www.deq.virginia.gov/Programs/Air/AirMonitoring/Publications.aspx 
[bookmark: _Toc476577605][bookmark: _Toc476661882][bookmark: _Toc459123854][bookmark: _Toc318758608][bookmark: _Toc318758860][bookmark: _Toc318759000][bookmark: _Toc318799797][bookmark: _Toc458093906][bookmark: _Toc5629300]Project Assessment

[bookmark: _Toc458093907][bookmark: _Toc5629301]Application of the VDOT Resource Document 
The application of data, information and/or protocols from the Resource Document must be referenced as appropriate for the modeling inputs summarized in the subsections below. 
In 2016, the Department created the “VDOT Resource Document” and associated online data repository to facilitate and streamline the preparation of project-level air quality analyses for purposes of NEPA and conformity[footnoteRef:62]. Inter-agency consultation was conducted with FHWA Division and Headquarters and other agencies (including EPA) before the Resource Document was finalized. The Resource Document was updated in 2018 to address changes in applicable regulation and guidance. [62:  	See: http://www.virginiadot.org/projects/environmental_air_section.asp              ] 


For projects for which the Resource Document was applied without substantive change:
With regard to this project, the models, methods/protocols and assumptions as specified or referenced in the VDOT Resource Document were applied without change or without substantive change as defined in that document. 

For projects for which project-specific inter-agency consultation (IAC) for purposes of NEPA was conducted at the discretion of the Department (not IACC, as that is no longer required as project-level conformity requirements no longer apply). Coordinate with VDOT Air Quality staff if IAC is proposed (rare). 
In the interests of transparency for this project, and notwithstanding that inter-agency consultation has already been conducted on the Resource Document and that conformity consultation requirements for project-level analyses no longer apply in Virginia, additional, project-specific inter-agency consultation for purposes of NEPA was conducted for this project. That additional consultation is summarized in Section 6.

For projects for which the Resource Document was applied with substantive change.  Coordinate with VDOT Air Quality staff if substantive changes and IAC are proposed.
For all modeling and analyses prepared for this project, the models, methods and assumptions as specified or referenced in the VDOT Resource Document were applied without change or without substantive change as defined in that document, with the exceptions listed below: 
· Exception #1:  <identify, and reference the subsection where it is reviewed in detail below>
· Exception #2:  <identify, and reference the subsection where it is reviewed in detail below>
· etc.

Project-specific inter-agency consultation for purposes of NEPA was conducted on the proposed exceptions listed above to the modeling inputs identified in the Resource Document. That additional consultation is summarized in Section 6.

[bookmark: _Toc458093909][bookmark: _Toc5629302]Carbon Monoxide Assessment

[bookmark: _Toc458093910][bookmark: _Toc5629303]Background

As presented previously (Section 3.3), ambient concentrations of CO both nationally and locally have decreased over the long term to levels well below the applicable NAAQS. This has occurred as a result primarily of improved emission control technology, and despite long-term increases in VMT. That is, the reduced levels of CO are the result of continued fleet turnover to new vehicles constructed to ever more stringent emission standards along with implementation of more stringent fuel quality standards. 

Exhibits 4.2.1 and 4.2.2 present, respectively, the long-term trends in vehicle-miles-traveled (VMT) at the national (public road) and recent trends in VMT and related statistics for Virginia. At the national level, VMT has increased significantly over the past several decades, with local trends generally reflecting the national. Exhibit 4.2.3 presents the increasingly more stringent new vehicle exhaust emission standards for CO as introduced by the US EPA over the past few decades, which served to offset the growth in VMT. 
[bookmark: _Toc221613866][bookmark: _Toc347937123]
[bookmark: _Toc524530691]Exhibit 4.2.1:  Public Road Mileage, Lane-Miles and Vehicle Miles Traveled (VMT)
USE UPDATED CHART IF AVAILABLE
[image: ] 
Source: FHWA Office of Highway Policy Information web site, accessed 2/12/2019. 
See:  https://www.fhwa.dot.gov/policyinformation/statistics/2017/vmt421c.cfm 



[bookmark: _Toc221613867][bookmark: _Toc347937124][bookmark: _Toc524530692]Exhibit 4.2.2:  Recent Trends in VMT and Related Statistics for Virginia
USE UPDATED CHART IF AVAILABLE
[bookmark: _Toc221613868][image: ]

Source: FHWA Office of Highway Policy Information web site, accessed 2/13/2019. https://www.fhwa.dot.gov/policyinformation/statistics/abstracts/2015/virginia_2015.pdf


[bookmark: _Toc347937125][bookmark: _Toc524530693]Exhibit 4.2.3:  Federal Emission Standards for CO for New Automobiles and Light Trucks
USE UPDATED CHART IF AVAILABLE


[image: ]
Source: U.S. Department of Energy, Office of Energy Efficiency and Renewal Energy. Transportation Energy Data Book: Edition 24, ORNL-6973. December 2004. 

[bookmark: _Toc458093911][bookmark: _Toc5629304]Level of Analysis Determination
Summarize how the specific level of analysis determination for CO was made for the project. Ensure that the screening tools specified in the VDOT Resource Document (list of exempt projects, FHWA-VDOT Air Quality Agreement, or FHWA Categorical Finding) are addressed as applicable.
Screening for Quantitative or Qualitative Analysis

For projects for which a quantitative analysis (project-specific) modeling will be needed:
The project is neither exempt nor does it meet the criteria for application of either the 2016 FHWA-VDOT PA or the FHWA Categorical Finding for CO. A quantitative project-specific analysis for CO is therefore needed.

For projects for which the PA applies and therefore project-specific modeling will not be needed:
The project meets the criteria for application of the 2016 FHWA-VDOT PA (or the FHWA Categorical Finding for CO.) A qualitative analysis or statement is provided below in accordance with the 2016 PA. Exhibit 4.2.4 provides a summary of data applied for screening.
Application of Other Programmatic Agreements 

The 2009 FHWA-VDOT No-Build Agreement (Section 2.1.3.3) may be applied for this project, therefore project-specific modeling of the no-build alternative is not required. The criteria specified in the No-Build Agreement are met for this project given that:
· the project location is not within a maintenance area for CO, and 
· an EIS is not planned. 
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[bookmark: _Toc513556047][bookmark: _Toc524530694]Exhibit 4.2.4: 2040 Eight-Lane Build Alternative Carbon Monoxide Screening
	 
	Intersection Data
	2040 Build

	Map ID
	Major Street
	Cross Street
	Skew Angle
	Approach Lanes
	Departure Lanes
	Largest Mainline Grade
	Largest Cross Street Grade
	Lowest Posted Speed Limit
	Vehicles Per Hour Per Lane
	ADT
	LOS
	Delay (s)

	T1
	US 460 BUS
	Nansemond Parkway
	60
	4
	2
	0.0%
	0.2%
	40
	347
	49,100
	F
	151.6

	T2
	US 460/58
	Joliff Road
	45
	4
	2
	0.6%
	0.2%
	35
	311
	45,900
	E
	75.6

	Map ID
	Major Street
	Cross Street
	2016 Programmatic Agreement
	2009 Programmatic Agreement

	
	
	
	Skewed Intersection (Yes/No))
	Grade - Mainline 2% or Less and Cross Street at 0%
	Approach Speed Grater than 15 mph (Yes/No)
	Maximum Lanes at the Intersection < 6 (Yes/No)
	Screen Out with 2016 PA?
	Vehicles per Hour per Lane < 1,037?
	ADT Less than 59,000 (Skew Angle ≥ 60 deg.)?
	ADT Less than 49,000 (Skew Angle ≥ 45 deg.)? 
	Screen Out with 2009 PA?

	T1
	US 460 BUS
	Nansemond Parkway
	Yes
	N/A
	N/A
	N/A
	N/A
	Yes
	Yes
	N/A
	Yes

	T2
	US 460/58
	Joliff Road
	Yes
	N/A
	N/A
	N/A
	N/A
	Yes
	No
	Yes
	Yes






[bookmark: _Toc458093914]
[bookmark: _Toc5629305]CO Qualitative Analysis
Delete this section if quantitative analyses are conducted (instead of qualitative.)
Except as noted above, the project does not include or directly affect any roadway whose design year average daily traffic volume, skew angle or level of service would exceed the threshold criteria specified in the Agreement between FHWA and VDOT for streamlining the project level air quality analysis process for CO. Modeling using "worst-case" parameters has been conducted for these thresholds and it has been determined that projects, such as this one, for which the thresholds would not be exceeded would not significantly impact air quality and would not cause or contribute to a new violation, increase the frequency or severity of an existing violation, or delay timely attainment of the NAAQS for CO. 

0. [bookmark: _Toc5629306]Worst-Case Modeling Overview
Delete this section if qualitative analyses are conducted (instead of quantitative.)
A worst-case modeling approach was applied for this analysis. This is a very conservative approach that by design uses worst-case assumptions for modeling inputs so that the results (modeling estimates for emissions and ambient concentrations) will be significantly worse than (i.e., in excess of) what may reasonably be expected for the project. If the applicable NAAQS for CO are still met despite the worst-case modeling assumptions, then there is a high level of confidence that the potential for air quality impacts from the project would be minimal. 

It bears noting that the underlying reason that a worst-case modeling approach may be applied for CO is that emission rates are now relatively very low as a result of more stringent emission fuel quality standards. That is, improved fuel quality and continuing turnover nationwide of the on-road motor vehicle fleet to vehicles designed and constructed to meet increasingly more stringent EPA exhaust emissions standards have resulted in a long-term downward trend in emissions. As a result of the reduced emissions, the long-term trend in ambient concentrations for CO has also been steadily downward, despite increasing VMT nationwide and locally. Background concentrations for CO are now very low and well under the NAAQS, both nationwide and in Virginia. 

All modeling for this project was conducted consistent with applicable federal requirements and guidance (as referenced in Section 2) as well as the VDOT Resource Document. Note the more detailed EPA guidance, which was applied for this project, is strictly only required for conformity applications.

0. [bookmark: _Toc5629307]Traffic Data and Forecasts for the CO Analysis 
[bookmark: _Toc3887994][bookmark: _Toc3888150][bookmark: _Toc3888210][bookmark: _Toc3888270]Typically, worst-case traffic volumes as specified in the VDOT Resource Document and posted speeds are applied for quantitative CO screening analyses. The worst-case values may be tabulated for comparison to the project-specific forecasts. The examples provided below are for two types of projects, with the first a brief overview for a minor project (one in which CO modeling is required) or one with limited potential impacts or public and/or stakeholder interest (typically a CE), and the second a more detailed version for projects of larger scope and more public and/or stakeholder interest (typically an EA or EIS). 



For smaller projects or ones with limited public and/or other stakeholder interest:
Detailed traffic forecasts including turning movements are presented in Appendix A. For this project, a worst-case modeling approach was selected following applicable guidance as referenced in the VDOT Resource Document (Appendix G1 – CAL3QHC Default Worst Case Parameters). Worst-case assumptions for traffic include worst-case volumes (per lane) for <arterial streets and/or freeways>.

Appendix A includes a comparison of the forecast traffic volumes for the project to the assumed worst-case values, showing the percentage changes for both the AM and PM peak hours. The number of lanes for each build alternative (based on the plans presented in Section 1) as well as the no-build were applied with the Resource Document worst-case volumes (per lane) to determine the total worst-case volume for each link and overall. In brief, the percent differences for assumed worst-case traffic volumes relative to the project forecasts for each alternative were determined to be as follows:
· Alternative A: x% to y% for the individual links, and z% overall
· Alternative B: x% to y% for the individual links, and z% overall
· Alternative C: x% to y% for the individual links, and z% overall
· Etc.

For larger projects or ones with relatively high public and/or other stakeholder interest: a more detailed approach to the traffic summary for the CO analysis may be expected. The example provided below is taken (with minor modifications) from a recent analysis. Note, while that analysis applied EPA methodology for ranking and selecting intersections for modeling, that methodology would not typically be applied except for a major project that would be subject to an EA or EIS.
The traffic analysis for this project was completed under a separate effort and the results applied for the purposes of this air quality analysis.  Traffic forecasts were developed for existing, 2015 baseline conditions, as well as both no-build and build scenarios for the Interim/Opening Year (2020) and the Design Year (2040).  The resulting traffic volume forecasts were then used in selecting the worst-case intersections to be analyzed.  

A detailed effort was undertaken as part of the traffic analysis to identify all intersections that were likely significantly impacted by the project. A total of 48 intersections were identified by the traffic team and are shown in Exhibit 4.2.5.  These selected intersections served as the starting point for selecting the top three worst-case intersections.   The traffic analysis team completed an operations analysis of each intersection using traffic forecasts developed on an intersection-by-intersection basis and the Synchro simulation package.  The delay, level of service and traffic volume for every intersection identified was completed, and the results placed in an Excel table in order to rank the intersections. The ranking process used for this study is as specified in EPA guidance[footnoteRef:63],[footnoteRef:64]: [63:  	EPA guidance was applied (directly or modified, e.g., to rank only the top ten intersections) although not strictly required for this project, as it is not in a nonattainment or maintenance area for carbon monoxide and therefore not subject to EPA transportation conformity rule requirements or guidance for carbon monoxide.]  [64:  	“1992 Guideline for Modeling Carbon Monoxide from Roadway Intersections,” (EPA-454/R-92-005, November 1992); available online at:  www.epa.gov/scram001/guidance/guide/coguide.pdf. ] 

1. Rank the top 20 intersections by traffic volumes;
2. Calculate the Level-of-Service (LOS) for the top 20 intersections based on traffic volumes;
3. Rank these intersections by LOS;
4. Model the top 3 intersections based on the worst LOS; and
5. [bookmark: _Toc458521771]Model the top 3 intersections based on the highest traffic volumes.

[bookmark: _Toc524530695]Exhibit 4.2.5: Study Intersections Considered for CO Modeling
[image: ]

Since many of the worst-case intersections had the same LOS, delay was also incorporated into the ranking.[footnoteRef:65]  It is assumed that if the selected worst-case intersections do not show an exceedance of the NAAQS, none of the ranked intersections will. This assumes that these intersections will have the highest CO impacts and those intersections with lower traffic volumes and less congestion will have lower ambient air impacts. Thus, if no exceedances of the CO NAAQS occur for the opening and design years when the results of the intersection modeling are added to the urban area-wide component of the CO concentration at each of the worst-case intersections evaluated, then it can reasonably be assumed that the project will not cause or contribute to a violation of the CO NAAQS at any location throughout the project corridor.  [65:  	Ibid.] 


The top ten of the 48 intersections as ranked (using the 2040 build scenario results) are shown in Exhibit 4.2.6 with the top three worst-case intersections identified as:
· A & B Roads
· C & D Streets
· E & F Parkways
The map presented in Exhibit 4.2.7 shows the physical locations of the locations identified for the CO screening analyses. 

Given the physical size of the interchange (20 lanes along I-395) at I-### and Route ##, an additional CO screening analysis was conducted for this location. Based on the Programmatic Agreement dated April 2016 between FHWA and VDOT, only the A Road & B Street intersection required quantitative modeling.  The other intersections met the technical criteria in terms of approach lanes, roadway grade and level of services set forth in the Programmatic Agreement. 

Exhibit 4.2.8 below compares the assumed worst-case traffic volumes (which are consistent with the values specified in the VDOT Resource Document) to the forecasts developed by the project team for I-xxx. The forecast volumes are substantially lower than the assumed worst-case volumes in each scenario. 


[bookmark: _Toc458521313][bookmark: _Toc524530696]Exhibit 4.2.6: PM Peak Hour Volumes, Delay, and Level of Service (LOS) at Intersections
	Signalized Intersection
	2015 Existing
	2020 No-Build
	2020 Build
	2040 No-Build
	2040 Build

	
	Vol.
	LOS
	Delay*
	Vol.
	LOS
	Delay*
	Vol.
	LOS
	Delay *
	Vol.
	LOS
	Delay *
	Vol.
	LOS
	Delay *

	A & B
	4569
	E
	74.5
	4669
	E
	75.5
	4624
	E
	72.5
	4913
	E
	76.2
	4900
	E
	76.2

	C & D
	
	
	
	4025
	D
	35.9
	4001
	D
	35.3
	4150
	D
	36.2
	4129
	D
	36.2

	E & F 
	3551
	D
	45.4
	3759
	D
	36.5
	3758
	D
	36.7
	4009
	D
	40.3
	3970
	D
	39

	G & H
	2533
	D
	49.2
	2606
	D
	52.1
	2440
	D
	49
	2774
	D
	52.8
	2636
	D
	48.4

	…
	2411
	B
	17.2
	2095
	C
	32.3
	2234
	C
	33.2
	2173
	C
	29.9
	2268
	D
	37.9

	…
	
	
	
	
	
	
	1914
	C
	32.4
	1927
	D
	41.6
	1860
	D
	35.3

	…
	4509
	C
	29.5
	4689
	C
	29.4
	4699
	C
	29.6
	5036
	C
	31.4
	5049
	C
	31.4

	…
	
	
	
	4188
	C
	28.7
	4148
	C
	32.3
	4346
	C
	27.3
	4330
	C
	29.5

	…
	3440
	B
	19.3
	3882
	C
	24.7
	3812
	C
	24.3
	4204
	C
	30.9
	4168
	C
	31.3

	Y & Z
	4361
	C
	22.7
	4452
	C
	24.2
	4438
	C
	24.0
	4544
	C
	27.1
	4088
	C
	24.5


[bookmark: _Toc458521237]*Delay is in seconds per vehicle
Highlighted cells are the 3 worst-case intersections selected for analysis




[bookmark: _Toc458521772][bookmark: _Toc524530697]Exhibit 4.2.7: Locations Selected for CO Screening Evaluation
[bookmark: _Toc458521238][image: ]
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[bookmark: _Toc524530698]Exhibit 4.2.8: Comparison of Project Forecasts for Peak Hour Traffic Volumes and VDOT Resource Document Worst-Case Volumes as Applied for the CO Worst-Case Analysis
	Location
	Peak Hour Forecast Traffic Volumes
	Worst-Case Volumes for CO Screening

	
	2015
	2020
	2040
	Volume
	% Difference

	
	
	
	
	
	2015
	2020
	2040

	A &B *
	4,569
	4,624
	4,900
	17,220
	277%
	272%
	251%

	C & D
	N/A
	4,001
	4,129
	20,910
	N/A
	423%
	406%

	E & F*
	3,551
	3,758
	3,970
	8,610
	142%
	129%
	117%

	G & H
	16,500
	18,500
	19,900
	67,200
	307%
	263%
	238%



* FHWA VDOT Programmatic Agreement, April 2016 applied for these intersections

[bookmark: _Toc458093915][bookmark: _Toc5629308]Alternatives Modeled 
For projects of smaller scope or that may be of relatively less interest to public and other stakeholders, the analysis may be streamlined by focusing the modeling on just the worst-case alternative(s) if one (or more) may reasonably be identified among the set of alternatives for the project. For these cases, identify in this section the worst-case alternative(s) that have been selected for modeling for CO, and provide a basis for its (or their) selection as the worst-case alternative(s). 

For projects of larger scope (i.e., potential impacts) and/or of relatively greater interest to the public and stakeholders, modeling is typically expected for all alternatives regardless of whether or not one or more may be considered to be the worst in terms of potential CO impacts. This subsection (alternatives modeled) should be omitted in these cases.

The following example for a project of smaller scope and limited public interest was taken (with minor modifications) from a recent project located in northern Virginia.

Two alternatives for the grade separation were presented in Section 1 (Exhibits 1.1.# and 1.1.#). For worst-case emission modeling purposes, the primary difference between the two is the average road grade. As modeled emission factors typically increase with average road grade, the grade separation with the highest road grade is considered the worst-case and would be selected for modeling. 

As shown in Exhibit 1.1.#, Alternative 2 has a highest road grade (6.7%) of the two alternatives and was selected for modeling. The road grade applied for worst-case modeling of the grade separation was taken as 7%, which is higher than the average road grades for either of the two alternatives. As an additional worst-case assumption, the worst-case road grade for the grade separations was assumed to extend beyond the grade separation itself to the connecting links to the adjacent local intersections since it was also higher than the road grades for those links. 



[bookmark: _Toc5629309][bookmark: _Toc347937070][bookmark: _Toc458093925]Worst-Case Modeling Configuration 
Show how the worst-case configuration(s) for the build and no-build alternatives was determined from the planned build scenario for each alternative. Specifically address number of lanes, average or posted speeds, and average road grades. 

For reference, in Section 1, Exhibits 1.1.# and Exhibit 1.1.# provide an overview and aerial of the project area, respectively. Exhibit 1.1.# presents the project plan and profile title sheet. Exhibit 1.1.# presents details on current road grades for Route x, Boulevard and other local roads. Exhibits 1.1.# and 1.1.# present Alternatives 1 and 2 for the proposed grade separation. 

The planned (build scenario) facilities include:
· Route x: 
· Four lanes (two in each direction) with no dedicated left or right turn lanes.
· Route x grade separation: 
· Four lanes (two in each direction) open to traffic, but constructed to accommodate four lanes in each direction in the future.
· Roadways south of Route x:
· Pkwy currently has two lanes in each direction, and will be widened to provide one left turn lane to Route x and one left turn lane to Ct.
· Roadways north of Route x: unchanged. 
· Route x and Park Way: four way stop, without dedicated left turn lanes for the intersecting roadways.

Route x would be unimproved, i.e., it would have three lanes in each direction at the location of the grade separation with one additional (auxiliary) lane westbound. Ultimately, it may have four lanes in each direction, with one auxiliary lane westbound. The posted speed is currently 55 mph and average road grade ranges from 0.15% to 0.72%.

Among local roads other than the Route x grade separation, average road grades ranged from 0.57% to 4.47%, (Exhibit 1.1.4). The Route x grade separation itself would have the highest average road grade (6.7%). 

For local roads, posted speeds ranged from 15 mph on Park Way to 40 mph on Road (west side of Route x). More detail on posted speeds is provided in the traffic forecast memorandum in Appendix A. 

The worst-case (build scenario) configuration for modeling was therefore specified as follows:
· Route x:
· 10 lanes, with a road grade of +1% eastbound and -1% westbound, and posted speed of 55 mph (as planned).
· This configuration has more lanes (all filled with worst-case traffic volumes) and higher road grades than the planned scenario, which makes this configuration a worst-case scenario. 
· Route x Grade Separation  & local roads:
· 8 lanes, with road grades of +/- 7% and posted speed of 40 mph.
· This configuration has more lanes (all filled with worst-case traffic volumes), higher road grades, and higher speeds for all but one link in the planned build scenario. 
· Note MOVES emission factors increase with road grade, so the selection of the highest road grade (even above those for the planned alternatives) serves as a worst-case assumption.
· MOVES modeled emissions vary significantly with speed. At road grades of 7%, the MOVES modeled emission factor for CO for unrestricted access facilities is significantly higher at 40 mph than it is at 15 mph and therefore 40 mph is a better worst-case assumption for local roads.

[bookmark: _Toc458093918][bookmark: _Toc5629310]Emission Modeling

Modeling inputs are summarized in this section, with a summary of the key worst-case assumptions provided at the end. Appendix B provides additional background on modeling inputs as applied in this analysis.
[bookmark: _Toc253051121][bookmark: _Toc253054335][bookmark: _Toc347937059][bookmark: _Toc458093919]Model Selection

The current official EPA emission model, MOVES2014b, was applied for this analysis[footnoteRef:66]. It is the most recent and up-to-date version of the software from EPA. [66:  	See: https://www3.epa.gov/otaq/models/moves/index.htm ] 

[bookmark: _Toc519759316]Mapping of MOVES Model Vehicle and Road Types

For reference, Exhibit 4.2.9 presents the mapping for vehicle types between the MOVES model and the Highway Performance Monitoring System (HPMS). Exhibit 4.2.10 presents the corresponding mapping for road types between the MOVES model and federal functional classes.
MOVES Model Input Summary

Exhibit 4.2.11(a) and (b) present a summary of data and data sources for MOVES model inputs for the main screen and the project data manager respectively, as applied for the worst-case emission factor modeling for this project. As noted above, all modeling inputs were taken from or otherwise made consistent with those specified or referenced in the VDOT Resource Document[footnoteRef:67], which includes data from the most recent (2014) National Emission Inventory (NEI Version 2, or NEI v2).  [67:  	The tables are based on the one presented in Appendix E1 of the VDOT Resource Document (2016),] 


The NEI v2 data were selected as they were specified by EPA based on data collected in support of national-level studies, e.g., from the Coordinating Research Council (a joint research initiative established by the auto and oil industries) and IHS/Polk data, as well as inputs provided by VDEQ in their original submittal for the 2014 NEI. 

A representative example (or examples as appropriate for the project) of a MOVES run specification file as applied in this project is provided in Appendix B.

[bookmark: _Toc519607714][bookmark: _Toc524530699]Exhibit 4.2.9: MOVES Source Types and HPMS Vehicle Types
[image: ]
Source: Excerpted from US EPA, “MOVES2014 and MOVES2014a Technical Guidance: Using MOVES to Prepare Emission Inventories for State Implementation Plans and Transportation Conformity”, EPA-420-B-15-093, November 2015
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Exhibit 4.2.11 (a): MOVES Input Summary for CO – Main Screen

	Parameter
	MOVES Input 

	Scale
	Project/Inventory

	Time Spans
	MOVES Time Aggregation Level: Hour 
Years: Base (2015), Opening (2022), and Horizon (2041) 
Month, Day & Hour: January, Weekday, 7:00-7:59 a.m. 

	Geographic Bounds
	Virginia Beach

	Vehicles/Equipment
	Consistent with those specified in the VDEQ 2014 NEI v2 Inputs for Virginia Beach

	Road Types
	Urban Restricted Access (Route x)
Urban Unrestricted Access (Local Roads)

	Pollutants and Processes
	CO Exhaust and Crankcase Exhaust (running emissions only)

	Output
	Units: grams, joules, and miles

	Emission Factor Script
	CO_CAL3QHC_EF.sql (EPA)




[bookmark: _Toc524530702]Exhibit 4.2.11 (b): MOVES Input Summary for CO – Project Data Manager
	Hoteling
	MOVES Defaults

	I/M Programs
	n/a

	Retrofit Data
	MOVES Defaults

	Age (Vehicle Registration) Distributions 
	2014 NEI v2, consistent with the VDOT Resource Document (2016)* 

	Fuels
	MOVES Defaults, consistent with EPA guidance and the VDOT Resource Document

	Meteorology Data
	Location-specific (<City or County name>)

	Links

	Project-specific 
or:
Generic, covering a broad range of speeds and average road grades, for both urban restricted (MOVES road type 4) and urban unrestricted (MOVES road type 5). Project-specific emission factors were interpolated as needed from the tabulation by speed and road grade. 

	Link Source Type Hour Fraction 
	VDOT Resource Document (2016) “Link Source Type Hour Fractions Calculation Tool” (Spreadsheet), Method 1b, using project specific truck percentages 

	Link Drive Schedule
(optional)
	Not applied. 

	Operating Mode Distribution (optional)
	

	Off-Network 
	Not applicable


* 	The distributions were not adjusted for mileage accumulation rates, which is conservative as it results in over-estimates of fleet-average emission factors.




Modeling Results for Emission Factors
Modeling may be conducted for specific speeds to create a speed-emission factor look-up table, or general speed-emission factors curves and tables may be generated with the final tabulation of emission factors obtained by interpolation as needed. The first example below is for the former; the second is for the latter.

Example 1: With modeling for project-specific speeds. 
Mobile source emission factors were calculated based on the actual peak-hour congested speeds at which vehicles travel through the interchanges. The MOVES runs were used to generate CO emission rates for input into the CAL3QHC dispersion model for the base (2015), opening (2028), and design (2040) years. For estimating CO emission rates for the interchange analysis, the following assumptions were made:
· An average vehicle speed of either 55 or 60 mph was assumed for each mainline link at each interchange (as previously noted)
· Roadway ramp speeds ranged from 35 mph to 50 mph based on the traffic study results (as previously noted).
· The modeling assumed freeway links in an urban area type;
· Registration distributions were not adjusted for mileage accumulation rates, thus resulting in higher emission factors than are expected in practice as older higher-emitting vehicles are weighted the same as newer lower-emitting vehicles in the determination of fleet-average emission factors.
Exhibit 4.2.12 presents speeds, roadway grades, and emission factors for each year and vehicle speed for the interchanges. For freeway links, grades of +1 percent and +4 percent were modeled. A maximum climbing grade of 4 percent was assumed on ramps that showed an incline. If a ramp did not have an incline, a conservative 1 percent grade was used for the approach leg.  Departure legs were modeled using a conservative 1 percent grade as well.  

Example 2: With modeling for general speed-emission factor curves to create a look-up table by interpolation for project-specific speeds
Exhibit 4.2.10 presents the final set of emission factors that were generated using MOVES2014ba and applied for dispersion modeling for the worst-case analysis for this project. For purposes of worst-case modeling, the emission factors were selected as follows:
· For local roads including the planned grade separation where average road grades reach nearly 7%, and where posted speeds vary from 15 miles per hour (mph) to 40 mph for this project, the worst-case assumption was to model all local roads as operating at 40 mph with a road grade of +/- 7%. Note, as shown in the exhibits above, modeled emission factors increase with speed in this speed range for higher road grades (including 7%).
· For the mainline facility, Route x, and consistent with the Resource Document, the emission factor for the posted speed (55 mph) was selected for worst-case modeling.

For reference, Appendix B provides detailed exhibits that present the modeled emission factors for this project as a function of average speed and average road grade for urban interstates (urban restricted access facilities) and local streets (urban unrestricted access facilities), for each of the project opening and design years respectively. For this project, emission factors were either taken directly from the modeling results or interpolated for speed and/or average road grade as needed. Note modeled emissions are sensitive to both speed and average road grade.

[bookmark: _Toc452716136][bookmark: _Toc524530703]Exhibit 4.2.12: Summary of MOVES CO Emission Factors (Example 1)

	
	Approach
	Vehicle Speed (mph)
	Roadway Grade (%)
	2015 (g/mile)
	2028 (g/mile)
	2040 (g/mile)

	<All intersections>
	- 
	Idle
	na
	
	
	

	I-xx and I-yy
 (northern Termini1)
	South Leg Approach/Depart
	55/55
	4/1
	8.81/4.19
	4.20/1.91
	2.38/1.02

	
	East Leg Approach/Depart
	55/55
	1/1
	4.19/4.19
	1.91/1.91
	1.02/1.02

	
	West Leg Approach/Depart
	55/55
	4/1
	8.81/4.19
	4.20/1.91
	2.38/1.02

	I-yy and Main Hwy3
	North Leg Approach/Depart
	50/50
	4/1
	7.70/3.81
	3.68/1.69
	2.10/0.91

	
	South Leg Approach/Depart
	50/50
	4/1
	7.70/3.81
	3.68/1.69
	2.10/0.91

	
	East Leg Approach/Depart
	60/60
	4/1
	8.42/4.02
	4.05/1.85
	2.34/1.02

	
	West Leg Approach/Depart
	60/60
	1/1
	4.02/4.02
	1.85/1.85
	1.02/1.02

	I-xx and I-zz  (southern Termini)3
	South Leg Approach/Depart
	60/60
	4/1
	8.42/4.02
	4.05/1.85
	2.34/1.02

	
	East Leg Approach/Depart
	60/60
	4/1
	8.42/4.02
	4.05/1.85
	2.34/1.02

	
	West Leg Approach/Depart
	60/60
	4/1
	8.42/4.02
	4.05/1.85
	2.34/1.02

	
Notes: 
1.  MOVES generated CO emission rates for I-xx and I-yy and I-zz and Route x. 
2.  MOVES generated CO emission rates for I-xx and Route y utilize the City of y data in the MOVES file.
3.  MOVES generate CO emission rates for I-xx and Main Highway and I-xx and I-zz (southern termini) utilize City of z data in the MOVES file.
4. Fleet average idle rates are in units of grams per vehicle-hr




[bookmark: _Toc524530704]Exhibit 4.2.12: MOVES Fleet Average CO Emission Factors Summary (Example 2)
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Worst-case modeling inputs for dispersion modeling are summarized in this section. Appendix B provides detailed dispersion (and emission) modeling inputs for CO as applied in this analysis.
[bookmark: _Toc458093923]Model Selection

The current official EPA emission model, CAL3QHC, was applied for this analysis[footnoteRef:68]. Consistent with the VDOT Resource Document, a graphical user interface (Cal3Interface) was applied to streamline the file preparation and modeling process. Cal3Interface was developed by FHWA and initially released in December 2006, with subsequent periodic updates. By assisting modelers in specifying appropriate inputs for worst-case scenario modeling and screening analyses, the FHWA software interface helps guide and streamline the modeling process, improve quality control and assurance, and minimize time and costs for modeling[footnoteRef:69].  [68:  	CAL3QHC may be applied for screening analyses for CO, per Section 4.2.3.1(b) of “Revisions to the Guideline on Air Quality Models: Enhancements to the AERMOD Dispersion Modeling System and Incorporation of Approaches to Address Ozone and Fine Particulate Matter”. See: https://www.gpo.gov/fdsys/pkg/FR-2017-01-17/pdf/2016-31747.pdf   ]  [69:  	FHWA develops and maintains graphical user interface software to facilitate and streamline dispersion modeling for state DOTs and other users. Cal3Interface was originally designed as a user-friendly interface model for the US EPA CALINE3 and CAL3QHC models. It was released in December 2006 and has been updated periodically since. The latest version (“Cal3i”) is based upon their initial version and includes significant new features and enhancements. For more background on the Cal3Interface model and the FHWA worst-case scenario modeling guidance, see:
M. Claggett (FHWA), “CAL3Interface – A Graphical User Interface for the CALINE3 and CAL3QHC Highway Air Quality Models”, ca 2006.
M. Claggett (FHWA), “Update of FHWA’s Cal3Interface – A Graphical User Interface for the CALINE3 and CAL3QHC Highway Air Quality Models”, ca 2008 ] 

[bookmark: _Toc458093924]CAL3QHC Modeling Inputs 

Exhibit 4.2.13 presents the worst-case modeling inputs applied for this analysis. As noted with the table, the inputs were taken from or made consistent with those specified in the VDOT Resource Document. Sample copies of CAL3QHC input files (generated using CAL3Interface) and output files are provided in Appendix B to this report.

[bookmark: _Toc524530705]Exhibit 4.2.13: CAL3QHC Worst-Case Analysis Inputs

	CAL3QHC Parameters 
	Typical Worst-Case Analysis Inputs*

	Surface Roughness Coefficient (cm)
	Urban = 108 (consistent with FHWA Categorical Finding)  

	Wind Speed (meters per second)
	1.0

	Wind Direction Increments (degrees, multipliers)
	10 (1-36) 

	Stability Class
	Urban Areas:  4 (D-Neutral)  

	Mixing Height (meters)
	1000 

	Setting Velocity (cm/s)
	0 

	Deposition Velocity (cm/s)
	0 

	Median Width (ft)
	Zero (This is a more significant worst-case assumption for Route x than for the local roads.)

	Source Height (ft)
	0 

	Receptor Height (ft)
	5.9 

	Receptor Locations
	Along the right of way edge, with defaults of 10 feet for arterial streets and 20 ft for freeways. 

Note: The EPA default wake distance is three meters (9.8 ft), so receptors are not placed closer than that for free-flow links.

	Background Concentration (ppm)
	Zero (as input to CAL3QHC)
1.6 ppm (One-hour) & 1.4 ppm (eight-hour), as added to CAL3QHC modeling results (VDOT Resource Document values for northern Virginia).

Note: Project contributions to ambient levels are typically modeled without background concentrations, which are then added to get total concentrations. 

	Persistence Factor
	0.83 (worst-case assumption, taking the maximum value specified in the VDOT Resource Document for Virginia)

	Averaging Time (min)
	60min

	Volumes 
(vehicle per hour) 
(vph)
	VDOT Resource Document defaults, which are based on the HCM (2010):
· Freeway = 2400 vehicles per hour per lane (vphpl) times the number of lanes
· Street (Metropolitan Areas):  1,230 vphpl x no. of lanes 

	Saturation Flow Rate 
(vphpl)
	VDOT Resource Document default for a metropolitan area with population>250,000 (based on HCM 2010, Exhibit 18-28): 1,900 veh/h/ln

	Signal Data
	· Defaults per HCM 2010 (Exhibit 18-28) and the CAL3QHC User’s Guide, EPA-454/R-92-006 (Revised), 1995:
· Signal Type = 1 (pre-timed)
· Arrival Rate = 3 (average)
· Defaults per CAL3QHC User’s Guide:
· Clearance Lost Time (s) = 2 
· Worst-case defaults where project-specific information is not available: 
· Average Cycle Length (s): 120 
· Average Red Time Length (s): 68

	Link Width (ft)
	· Free flow link width = width of the traveled roadway (all lanes), plus 3 m (10 ft) on each side of the roadway to account for the mixing zone created by the wake of moving vehicles
· Queue link width = the width of the traveled roadway only
· Lane width = 11 (otherwise default = 12)


	* Unless otherwise specified, all inputs were taken from or consistent with those specified in the VDOT Resource Document.   

Receptor locations (geographical locations or points for which CO concentrations are estimated with the model) were generally determined following EPA guidance as incorporated into the FHWA Cal3Interface software package. For worst-case modeling purposes, all receptors were located along the default right-of-way edge. The receptors were located:
· at the corners of the roadway intersections or crossings (i.e., at the intersection of the right-of-way edges); 
· along each side of the intersecting roadways at 82 feet (25 meters) and 164 feet (50 meters) from the corners (as the segment length permits); and 
· at or near the midpoint of each side of the intersecting roadways. 

Exhibit 4.2.14 presents the worst-case configuration for the build alternative. Note, to simplify the modeling and as a conservative (worst-case) approach, turn lanes were treated as full length through and turn lanes. All of the lanes would carry worst-case traffic volumes. Receptor locations are shown (numbered) in the exhibit. 
Modeling Results for Carbon Monoxide

Summarize the modeling results (forecast peak concentrations) in a table, and note key findings in the text.

Exhibit 4.2.15 presents the forecast maximum concentrations for CO for the worst-case scenarios modeled. All forecasts include background concentrations as noted previously. 

Modeled emissions and maximum concentrations are highest for the project-opening year. The forecast maximum concentrations for CO reach 5.2 and 4.4 ppm in the project opening year, respectively, against the one- and eight-hour standards of 35 and 9 ppm. The location of the forecast maximum concentration is Receptor #22, which is located at the northwest corner of the grade separation with Route x. The forecast peak concentrations drop to 2.8 and 2.4 ppm respectively for the one- and eight-hour standards for the design year, occurring at receptor #25, which is the southeast corner of the grade separation with Route x. Both peak concentrations occurred at the grade separation; the forecast worst-case concentrations for the adjacent arterial (local street) intersections were lower for both the opening and design years.

In all scenarios, forecast peak concentrations for CO are well below the respective one- and eight-hour standards of 35 and 9 ppm. In general, emissions and ambient concentrations drop significantly over time (through the opening and design years) due to continued fleet turnover to vehicles constructed to more stringent emission standards.

Overall, the results indicate that, even assuming worst-case traffic volumes, ambient levels of CO in the vicinity of the project are expected to decline significantly over time and to remain below both the one-hour and the eight-hour NAAQS. The project therefore is not expected to cause or contribute to a violation of the CO standards.






[bookmark: _Toc524530706]Exhibit 4.2.14: CO Dispersion Modeling Worst-Case Configuration & Receptor Locations – Build Scenario
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	    Source: Excerpted from FHWA Cal3Interface model output. 
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EXAMPLE 1: Exhibit 4.2.15: Forecast Maximum CO Concentrations (ppm) and Receptor Locations for Worst-Case Scenarios 


	NAAQS 
	
	Opening Year - 2022 (Receptor#)
	Design Year – 2041 (Receptor#)

	
	
	
	

	
	
	
	

	Worst-Case Analysis Results: 
	
	
	

	One-Hour Standard (35 ppm)
	
	5.2 (22)
	2.8 (25)

	Eight-Hour Standard (9 ppm)
	
	4.4 (22)
	2.4 (25)

	

	


Notes:
1.	Including background concentrations of 1.6 and 1.4 ppm for the one- and eight-hour standards respectively, based on trend date for Northern Virginia, as specified in the VDOT Resource Document (2016). Receptor locations noted are only for the first location if more than one location has the same value. 
2. In keeping with the FHWA-VDOT 2009 Agreement for No-Build Analyses, a no-build scenario analysis was determined to not be needed for this project, given: a) the project location (not within a nonattainment or maintenance area for CO), and b) the level of environmental documentation planned for this project (i.e., not an environmental impact statement).  

An alternative table format for summarizing CO modeling results is provided below, taken from another recent study.

[bookmark: _Toc452716139][bookmark: _Toc524530708]	Example 2:  Exhibit 4.2.15: Worst-Case CAL3QHC Modeling Results for CO (Example 2)
	Intersection / Interchange
	Averaging Period
	20151, 2
	20281, 2
	20401, 2
	NAAQS (ppm)

	
	
	Base
(No-Build)
	No-Build Alternative
	Build Alternative
	No-Build Alternative
	Build Alternative
	

	
	
	Peak (ppm)
	Peak (ppm)
	Peak (ppm)
	Peak (ppm)
	Peak (ppm)
	

	A & B
	1-Hour
	11.5 (4)
	3.7 (4)
	6.5 (4)
	3.0 (4)
	4.6 (4)
	35

	
	8-Hour
	8.2 (4)
	2.4 (4)
	4.5 (4)
	1.9 (4)
	3.1 (4)
	9

	C & D
	1-Hour
	10.7 (13)
	3.8 (9)
	6.2 (13)
	3.1 (9)
	4.4 (13)
	35

	
	8-Hour
	7.6 (13)
	2.5 (9)
	4.3 (13)
	1.9 (9)
	2.9 (13)
	9

	E & F
	1-Hour
	8.0 (9)
	3.0 (10)
	4.8 (6)
	2.6 (13)
	3.6 (5)
	35

	
	8-Hour
	5.6 (9)
	1.9 (10)
	3.2 (6)
	1.6 (13)
	2.3 (5)
	9

	G & H
	1-Hour
	10.3 (1)
	3.5 (13)
	5.9 (1)
	2.9 (13)
	4.2 (1)
	35

	
	8-Hour
	7.3 (1)
	2.2 (13)
	4.0 (1)
	1.8 (13)
	2.8 (1)
	9

	I & J
	1-Hour
	8.9 (4)
	3.6 (4)
	5.4 (4)
	3.1 (4)
	3.9 (2)
	35

	
	8-Hour
	6.3 (4)
	2.3 (4)
	3.7 (4)
	1.9 (4)
	2.5 (2)
	9

	Notes:
1.  Number in parenthesis represents the modeled receptor number of maximum modeled concentration from CAL3QHC. Please refer to Exhibits 4.x.x through 4..y.y for the receptor locations. 
2.  Modeled concentrations include 1-hour Background Value of #.# ppm and 8-hour background value of #.#  ppm, as specified in the VDOT Resource Document.



[bookmark: _Toc524530629][bookmark: _Toc5629312]Construction Emissions
Quantitative assessments of construction emissions are not typically required. 

Construction of this project would cause only temporary increases in emissions. A quantitative assessment of construction emissions is not required as the project location is not in an area subject to project-level conformity requirements for CO. Additionally, even if conformity did apply, the primary criterion for conducting construction emission analyses for conformity purposes (five years, per 40 CFR 93.123(c)(5))[footnoteRef:70] would not be expected to be exceeded for the construction of this project.  [70:  	See: https://www.gpo.gov/fdsys/pkg/CFR-2014-title40-vol20/xml/CFR-2014-title40-vol20-sec93-123.xml ] 

[bookmark: _Toc458093928][bookmark: _Toc5629313]Summary of Assumptions for the Worst-Case Analysis 
Note this section is typically excerpted in large part to the Executive Summary. 

All modeling inputs including all worst-case assumptions applied in this analysis were made consistent with all applicable EPA and FHWA requirements and guidance. Worst-case assumptions included:

For emission factor modeling:
· Regional registration (age) distributions were applied that were not adjusted (as a limitation of the EPA MOVES model) for mileage accumulation rates that generally decline with age. This assumption effectively weights older higher-emitting vehicles the same as newer lower-emitting vehicles, resulting in higher estimates for fleet-average emission factors. 
· Worst-case emission factor selected as that for the maximum (or higher) road grade for each link.
· Although the project is located in an area (northern Virginia) in which it is subject to emission inspection and maintenance (I&M) program requirements, I&M benefits were not incorporated into the emission modeling for this project.
For dispersion modeling:
· Traffic volumes representing LOS E conditions, which typically exceeds actual opening and design year ADT forecasts for build scenarios by substantial margins. Depending on the project, volumes may also be increased with the worst-case assumption of additional through lane(s) to account for auxiliary lanes or ramps.
· Worst-case receptor locations on the edge of the roadway right-of-way, i.e., at the closest possible point to roadway.
· Worst-case geometric assumptions that serve to concentrate traffic, emissions and concentrations to the greatest extent possible:
· Zero vertical separation for the grade separation (interchange)
· Zero median widths for arterial streets and minimum distance for freeways
· Lane widths of 11 ft, compared to the standard 12 ft
· Other federal default data for most model inputs (e.g., low wind speeds, surface roughness, and stability class), which result in higher modeled estimates of ambient concentrations than are expected to occur in practice.
Overall, the use of worst-case modeling inputs for all scenarios significantly increased modeled emissions and concentrations of CO over what would reasonably be expected. Despite the worst-case assumptions, the NAAQS are still met in each case. 
[bookmark: _Toc5629314][bookmark: _Toc458093929]Mobile Source Air Toxic (MSAT) Assessment 
FHWA guidance on MSATs must be consulted, including specifically its appendices that provide boilerplate language that can be tailored to the needs of specific projects. A key change with the 2016 FHWA guidance was to specifically categorize projects involving a CE as Tier 1, meaning neither qualitative nor quantitative analyses are required for these projects. 

FHWA most recently updated its guidance for the assessment of MSATs in the NEPA process for highway projects in 2016[footnoteRef:71]. The updated guidance states that “EPA identified nine compounds with significant contributions from mobile sources that are among the national and regional-scale cancer risk drivers or contributors and non-cancer hazard contributors from the 2011 National Air Toxics Assessment (NATA)[footnoteRef:72]. These are 1,3-butadiene, acetaldehyde, acrolein, benzene, diesel particulate matter (diesel PM), ethylbenzene, formaldehyde, naphthalene, and polycyclic organic matter.” It also specifies three possible categories or tiers of analysis, namely, 1) projects with no meaningful potential MSAT effects or exempt projects (for which MSAT analyses are not required), 2) projects with low potential MSAT effects (requiring only qualitative analyses), and 3) projects with higher potential MSAT effects (requiring quantitative analyses). [71: 	FHWA, “INFORMATION: Updated Interim Guidance on Mobile Source Air Toxic Analysis in NEPA Documents”, October 18, 2016. See: http://www.fhwa.dot.gov/environment/air_quality/air_toxics/    ]  [72:  	See: https://www.epa.gov/national-air-toxics-assessment ] 


[bookmark: _Toc458093930][bookmark: _Toc5629315]Level of Analysis Determination 

Tier 1: For projects that involve a CE, or otherwise meet the criteria specified in FHWA MSAT guidance for a Tier 1 project, this section should simply state that neither a qualitative nor a quantitative analysis is needed, per FHWA MSAT guidance. Include text from Appendix A of the FHWA MSAT guidance as appropriate to the project. The following sample text is typically all that is needed for Tier 1 projects.
As this project involves a CE, and therefore under FHWA guidance may be categorized as a Tier 1 project for which no meaningful MSAT effects would be expected, neither a qualitative nor a quantitative analysis is needed. In addition, this project has been determined to generate minimal air quality impacts for Clean Air Act criteria pollutants and has not been linked with any special MSAT concerns. As such, this project will not result in changes in traffic volumes, vehicle mix, basic project location, or any other factor that would cause a meaningful increase in MSAT impacts of the project from that of the no-build alternative.

Moreover, EPA regulations for vehicle engines and fuels will cause overall MSAT emissions to decline significantly over the next several decades. As noted in the referenced FHWA MSAT guidance, based on regulations now in effect, an analysis of national trends with EPA’s MOVES2014 model forecasts a combined reduction of over 90 percent in the total annual emissions rate for the priority MSAT from 2010 to 2050 while vehicle-miles of travel are projected to increase by over 45 percent. This will both reduce the background level of MSAT as well as the possibility of even minor MSAT emissions from this project.

Tier 2: For projects that are not Tier 1 and additionally do not meet the FHWA MSAT guidance criteria for a quantitative analysis, and therefore only require a qualitative analysis, the following text is an example of the determination of the required level of analysis. 
As this project involves an EA and is not exempt, it does not qualify as a Tier 1 project under FHWA MSAT Guidance. It also does not meet the criteria for a Tier 3 project in FHWA guidance, as total traffic is forecast to reach only 106 thousand ADT for the build scenario, which is well below the 140-150 thousand ADT criteria specified in FHWA guidance for Tier 3 projects (i.e., ones for which quantitative analyses for MSATs would be required). Additionally, this project does not involve the creation or alteration of a major intermodal freight facility that has the potential to concentrate high levels of diesel particulate matter in a single location. 

This project may therefore be categorized as a Tier 2 project, i.e., one with “Low Potential MSAT Effects”. Projects in this category are addressed with a qualitative analysis, which as FHWA guidance states provides a basis for identifying and comparing potential differences for MSAT emissions, if any, from the various alternatives. 

The qualitative assessment presented below follows FHWA guidance. It is derived in part from a study conducted by the FHWA entitled “A Methodology for Evaluating Mobile Source Air Toxic Emissions among Transportation Project Alternatives”.

Tier 3: For projects that meet the FHWA MSAT guidance criteria for a quantitative analysis, the following text is an example of the determination of the required level of analysis for a project with multiple alternatives. 
In accordance with FHWA MSAT guidance, the project, which involves an EA, is best characterized as one with “higher potential MSAT effects” since projected design year traffic is expected to exceed the 140,000 to 150,000 AADT criteria.  Specifically, the Design year Build Alternative D is expected to have ADT volumes at I-xx WB and EB West of I-yy of 212,300 ADT.   A table summarizing the ADT throughout the project corridor for each alternative is presented in Appendix A. As a result, a quantitative assessment of MSAT emissions projections was conducted for the affected network consistent with FHWA guidance. The assessment is presented below.

Include the following text for Tier 2 and 3 projects only (not Tier 1):
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Background

Controlling air toxic emissions became a national priority with the passage of the Clean Air Act Amendments (CAAA) of 1990, whereby Congress mandated that the U.S. Environmental Protection Agency (EPA) regulate 188 air toxics, also known as hazardous air pollutants. The EPA assessed this expansive list in its rule on the Control of Hazardous Air Pollutants from Mobile Sources (Federal Register, Vol. 72, No. 37, page 8430, February 26, 2007), and identified a group of 93 compounds emitted from mobile sources that are part of EPA’s Integrated Risk Information System (IRIS). In addition, EPA identified nine compounds with significant contributions from mobile sources that are among the national and regional-scale cancer risk drivers or contributors and non-cancer hazard contributors from the 2011 National Air Toxics Assessment (NATA).4 These are 1,3-butadiene, acetaldehyde, acrolein, benzene, diesel particulate matter (diesel PM), ethylbenzene, formaldehyde, naphthalene, and polycyclic organic matter. While FHWA considers these the priority mobile source air toxics, the list is subject to change and may be adjusted in consideration of future EPA rules.
Motor Vehicle Emissions Simulator (MOVES)

According to EPA, MOVES2014 is a major revision to MOVES2010 and improves upon it in many respects. MOVES2014 includes new data, new emissions standards, and new functional improvements and features. It incorporates substantial new data for emissions, fleet, and activity developed since the release of MOVES2010. These new emissions data are for light- and heavy-duty vehicles, exhaust and evaporative emissions, and fuel effects. MOVES2014 also adds updated vehicle sales, population, age distribution, and vehicle miles travelled (VMT) data. MOVES2014 incorporates the effects of three new Federal emissions standard rules not included in MOVES2010. These new standards are all expected to impact MSAT emissions and include Tier 3 emissions and fuel standards starting in 2017 (79 FR 60344), heavy-duty greenhouse gas regulations that phase in during model years 2014-2018 (79 FR 60344), and the second phase of light duty greenhouse gas regulations that phase in during model years 2017-2025 (79 FR 60344). Since the release of MOVES2014, EPA has released MOVES2014a. In the November 2015 MOVES2014a Questions and Answers Guide[footnoteRef:73], EPA states that for on-road emissions, MOVES2014a adds new options requested by users for the input of local VMT, includes minor updates to the default fuel tables, and corrects an error in MOVES2014 brake wear emissions. The change in brake wear emissions results in small decreases in PM emissions, while emissions for other criteria pollutants remain essentially the same as MOVES2014. [73:  	https://www3.epa.gov/otaq/models/moves/documents/420b15095.pdf ] 


Using EPA’s MOVES2014a model, as shown in the figure below, FHWA estimates that even if VMT increases by 45 percent from 2010 to 2050 as forecast, a combined reduction of 91 percent in the total annual emissions for the priority MSAT is projected for the same time period.

Diesel PM is the dominant component of MSAT emissions, making up 50 to 70 percent of all priority MSAT pollutants by mass, depending on calendar year. Users of MOVES2014a will notice some differences in emissions compared with MOVES2010b. MOVES2014a is based on updated data on some emissions and pollutant processes compared to MOVES2010b, and also reflects the latest Federal emissions standards in place at the time of its release. In addition, MOVES2014a emissions forecasts are based on lower VMT projections than MOVES2010b, consistent with recent trends suggesting reduced nationwide VMT growth compared to historical trends.

The implications of MOVES on MSAT emissions estimates compared to MOBILE are: lower estimates of total MSAT emissions; significantly lower benzene emissions; significantly higher diesel PM emissions, especially for lower speeds. Consequently, diesel PM is projected to be the dominant component of the emissions total. 
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Note: Trends for specific locations may be different, depending on locally-derived 
information representing vehicle-miles travelled, vehicle speeds, vehicle mix, fuels, 
emission control programs, meteorology, and other factors

Source: EPA MOVES2014a model runs conducted by FHWA, September 2016.

MSAT Research

Air toxics analysis is a continuing area of research. While much work has been done to assess the overall health risk of air toxics, many questions remain unanswered. In particular, the tools and techniques for assessing project-specific health outcomes as a result of lifetime MSAT exposure remain limited. These limitations impede the ability to evaluate how potential public health risks posed by MSAT exposure should be factored into project-level decision-making within the context of NEPA.

Nonetheless, air toxics concerns continue to arise on highway projects during the NEPA process. Even as the science emerges, the public and other agencies expect FHWA to address MSAT impacts in its environmental documents. The FHWA, EPA, the Health Effects Institute, and others have funded and conducted research studies to try to more clearly define potential risks from MSAT emissions associated with highway projects. The FHWA will continue to monitor the developing research in this field. An overview of recent research is provided in Appendix D of FHWA guidance[footnoteRef:74]. [74: 	See: https://www.fhwa.dot.gov/environment/air_quality/air_toxics/policy_and_guidance/msat/page04.cfm    ] 

[bookmark: fig1]Project-Level MSAT Discussion
Options for text are provided below for qualitative and quantitative analyses. 

Qualitative analyses: For projects that meet the FHWA criteria for a qualitative analysis, the following text is an example (with minor modifications) taken from a recent analysis:  
Following FHWA guidance, this project has been determined to have low potential MSAT effects, thereby requiring a qualitative MSAT analysis. A qualitative analysis provides a basis for identifying and comparing the potential differences among MSAT emissions, if any, from the various alternatives. The qualitative assessment presented below is derived in part from a study conducted by FHWA entitled A Methodology for Evaluating Mobile Source Air Toxic Emissions among Transportation Project Alternatives[footnoteRef:75]. [75:  	See: https://www.fhwa.dot.gov/environment/air_quality/air_toxics/research_and_analysis/ mobile_source_air_toxics/msatemissions.cfm ] 


The amount of MSATs emitted is proportional to vehicle miles traveled, or VMT, assuming that other variables such as fleet mix are the same for each alternative. The VMT estimated for a Build Alternative therefore may be slightly higher than that for the No-Build Alternative, because additional capacity increases the efficiency of the roadway and attracts rerouted trips from elsewhere in the transportation network. This increase in VMT could lead to higher MSAT emissions for the build alternative along a highway corridor, along with a corresponding decrease in MSAT emissions along the parallel routes. The emissions increase would be offset somewhat by lower MSAT emission rates due to increased speeds; according to EPA's MOVES2014 model, emissions of all of the priority MSATs decrease as speed increases.

There may also be localized areas where VMT would increase and other areas where it would decrease. Therefore, it is possible that localized increases and decreases in MSAT emissions may occur. However, even if these increases do occur, they too will be substantially reduced in the future due to implementation of EPA's vehicle and fuel regulations. Also, regardless of the alternative chosen, emissions will likely be lower than present levels in the design year as a result of EPA's national control programs that are projected to reduce annual MSAT emissions by over 90 percent between 2010 and 2050 (Updated Interim Guidance on Mobile Source Air Toxic Analysis in NEPA Documents, Federal Highway Administration, October 2016). Local conditions may differ from these national projections in terms of fleet mix and turnover, VMT growth rates, and local control measures. However, the magnitude of the EPA-projected reductions is so great (even after accounting for VMT growth) that MSAT emissions in the study area are likely to be lower in the future in nearly all cases.

Any additional travel lanes contemplated as part of the project may have the effect of moving some traffic closer to nearby homes, schools, and businesses; therefore, there may be localized areas where ambient concentrations of MSATs could be higher for a Build Alternative than for the No-Build Alternative. However, the magnitude and the duration of these potential increases compared to the No-Build alternative cannot be reliably quantified due to incomplete or unavailable information in forecasting project-specific MSAT health impacts.

In sum, when capacity is added, the localized level of MSAT emissions for the Build Alternative could be higher relative to the No-Build Alternative, but this could be offset due to increases in speeds and reductions in congestion (which are associated with lower MSAT emissions). In addition, MSAT emissions will be lower in other locations when traffic shifts away from them. However, on a regional basis, EPA's vehicle and fuel regulations, coupled with fleet turnover, will over time cause substantial reductions that, in almost all cases, will cause region-wide MSAT levels to be significantly lower than today.

Quantitative analyses: For projects that meet the FHWA criteria for a quantitative analysis, the following text is an example (with minor modifications) taken from a recent analysis. While the example is based on county-level MOVES runs, which FHWA guidance recommends as the preferred modeling approach for MSATs, project-level runs may instead be conducted at the discretion of the Department.

Note: 	This example precedes the recent update to FHWA FAQs for MSATs that indicates that the identification of affected links for MSAT analyses should be based on traffic studies normally developed for the NEPA study, which may be a traffic impact assessment, operational analysis, or other type of traffic study. This approach effectively limits the identification of affects links for MSATs to a subset of the affected links identified in the NEPA traffic study, preventing inconsistencies between them. A separate traffic study for purposes of the MSAT analysis is NOT needed in these cases. This streamlined approach to traffic should be taken for MSAT modeling for VDOT projects. See the VDOT Resource Document for more background on this update. 

A quantitative MSAT analysis was conducted for this project consistent with the latest guidance from FHWA as referenced earlier. These include the Interim Guidance Update, the FHWA “Quick-start Guide for Using MOVES for a NEPA Analysis, and the FHWA FAQS for MSAT analyses.” 
MOVES Model Input Summary

Exhibit 4.3.2 (a) and (b) present a summary of data and data sources for MOVES model inputs for the main screen and the project data manager respectively, as applied for the worst-case emission factor modeling for this project. 
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	Parameter
	MOVES Input 

	Scale
	County/Inventory

	Time Spans
	MOVES Time Aggregation Level: Hour 
Years: Base (2015), Opening (2022), and Horizon (2041) 
Month, Day & Hour: Seasonal (Jan., Apr., Jul & Oct.), Weekday/end, All hours 

	Geographic Bounds
	Virginia Beach (with links limited to just the impact area determined in the NEPA Traffic Study for this project)

	Vehicles/Equipment
	Consistent with VDEQ 2014 NEI v2 inputs for Virginia Beach

	Road Types
	Urban and rural restricted and unrestricted

	Pollutants and Processes
	Pollutants: All MSATs as specified in FHWA guidance (including the associated pollutant chains/prerequisites)
Processes: Running exhaust and crankcase running exhaust

	Output
	Units: grams, joules, and miles
Activity: Distance Travelled
Time: Year
Location: County
Fuel Type: Selected (needed to determine diesel PM emissions)



[bookmark: _Toc524530713]Exhibit 4.3.2 (b): MOVES Input Summary for MSATs – County Data Manager

	Parameter
	MOVES Input 

	Vehicle Type VMT 
	VMT: Derived from project-specific TDM forecasts for the links identified in the NEPA Traffic Analysis, by alternative. Traffic Management System (TMS)/HPMS data from the VDOT 20xx 1236 report was applied to apportion the VMT to each MOVES source type.
VMT Fractions (month, day and hour): Project-specific data
(or 2014 NEI v2 inputs for Hampton Roads, for which the hour- and day-VMT fractions (but not the month-fractions) were EPA-specified CRC data)

	Hoteling
	MOVES Defaults

	I/M Programs
	n/a (or VDOT Resource Document/MWCOG data for projects in N. Virginia)

	Retrofit Data
	MOVES Defaults

	Ramp Fraction (VHT-based)
	Project-specific data (if available) or MOVES Defaults

	Road Type Distributions
	Derived from project-specific TDM forecasts for the links identified in the NEPA Traffic Analysis, by alternative. 

	Source (Vehicle) Type Population
	Projected from 2014 NEI v2 data using annual average growth rates from VDOT traffic data developed for the upcoming 2017 NEI*. 

	Starts
	MOVES Defaults

	Age (Registration) Distribution 
	2014 NEI v2 EPA-specified data for Virginia Beach 

	Average Speed Distributions (VHT-based)
	Derived from project-specific TDM forecasts for the links identified in the NEPA Traffic Analysis, by alternative (using the EPA MOBILE6 Converter.)

	Fuels
	MOVES Defaults for Virginia Beach**

	Meteorology 
	NEI v2


  * Running (and not start and evaporative emissions) are included, so this input while needed for the MOVES CDM is not used for the MSAT emission estimates.
 * * 	Fuels AVFT (vehicle and fuel types) adjusted for local bus fleet where appropriate (e.g., if CNG is used instead of diesel) and similarly for passenger cars and trucks for E-85 usage.

As noted above, all modeling inputs were taken from or otherwise made consistent with those specified or referenced in the VDOT Resource Document, which includes data from the most recent (2014) National Emission Inventory (NEI Version 2, or NEI v2). The NEI v2 data were selected as they were specified by EPA based on data collected in support of national-level studies, e.g., from the Coordinating Research Council (a joint research initiative established by the auto and oil industries) and IHS/Polk data, as well as inputs provided by VDEQ in their original submittal for the 2014 NEI. 

A representative example (or examples as appropriate for the project) of a MOVES run specification file as applied in this project is provided in Appendix C.

In general:
•	The affected network for the MSAT analysis was identified using the regional Travel Demand Forecast Model for each Alternative and analysis year.  
· The latest regional Travel Demand Model consist of modeling years 2009, 2028, and 2034; therefore, to remain consistent with the CO analysis study years, 2015 and 2040 data sets were developed for use in the MSAT analysis.  The 2015 AM, PM and daily base volumes for each link were developed by interpolating the 2009 base year and 2034 No-Build model output volumes to a 2015 value (the 2015 volume would be the 2009 volume plus 25 percent of the difference in 2034 and 2009 volume for each link).
· The 2040 volumes for each link were developed from 2034 model output volumes by growing the daily volume on each link by 7.0 percent, which is consistent with the growth applied to links during post-processing for the detailed traffic forecasting and analysis effort.
· The 2015 and 2040 vehicle speeds were estimated using the volume-delay functions contained in the MPO model, using the 2015 and 2040 volumes and recomputed volume/capacity (v/c) ratios for each link.
· The affected networks for each alternative and analysis year were developed using FHWA criteria, namely daily volume change and travel time change for congested and uncongested links, for which reliable forecast data were available. 
· Based on traffic projections for the base, opening year and design years, the segments directly associated with the Study Corridor and those roadways in the affected network where the AADT is expected to change +/- 5 percent or more and where their travel time is expected to change by +/- 10 percent for the Build Alternatives compared to the No-Build Alternatives were identified.   The full affected network which includes the links affected by both volume and travel time changes (shown in red) is presented in Figures 4.3.3 through 4.3.x for each Alternative for the 2028 and 2040 conditions.  Consistent with FHWA guidance, spurious results in the form of roadway links that would not be expected to be affected by the project (but otherwise met the change criteria) were treated as an artifact of the model and removed by the traffic analysis team. They reviewed the affected network and found it to be consistent with their overall understanding of the larger travel impacts of the Study Corridor.
· To streamline the analysis, and consistent with FHWA guidance, base and opening year No-Build networks are based on the design year (2040) No-Build networks for each Alternative.
•	The EPA MOVES2014a model was utilized in order to obtain estimates for emissions for each MSAT.
•	The MOVES2014a Run spec and inputs were consistent with FHWA recommendations for conducting a quantitative MSAT analysis, including evaluating four months to represent the different seasons, averaging the resulting emissions for a typical day and multiplying by 365 to obtain average annual emissions for each pollutant.
•	MSAT runs were developed for the base year, the opening year Build and No-Build conditions, and the Design year Build and No-Build conditions.  A total of twelve scenarios were evaluated consisting of four base year runs for each Alternative, four Build and No-Build scenarios for each Alternative for the 2028 interim year and four Build and No-Build scenarios for each Alternative for the 2040 Design year. 
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The results of the quantitative MSAT analysis are presented in Exhibit 4.3.11 while changes in emissions compared to the 2028 and 2040 No-Build condition and between the Build and base year condition are provided in Exhibit 4.3.12.  A graphical representation of the projected annual MSAT emissions for the Base year, 2028 and 2040 No-Build and Build Alternatives by pollutant are presented in Exhibits 4.3.13 through 4.3.21.  These tables and figures show that all of the MSAT emissions are expected to increase slightly for the Build Alternative scenario conditions when compared to the No-Build condition for 2028 and 2040. In addition, all MSAT pollutant emissions are expected to significantly decline in the Opening and Design years when compared to Existing conditions.  These reductions occur despite projected increase in VMT from 2015 to the 2028 and 2040 Build scenarios.  The increased emissions associated with each Build Alternative are generally consistent with the increased VMT associated with each Alternative.  
In general:
· For each MSAT and alternative, the long-term trend in emissions is downward. The downward trend in emissions is a result of technological improvements, i.e., more stringent vehicle emission and fuel quality standards coupled with ongoing fleet turnover, and is achieved despite increased VMT in this period.
· For each MSAT and alternative, the forecast emissions for build and no-build are nearly coincidental, i.e., the differences in emissions between build and no-build are very small especially compared to the long-term downward trend in emissions for each MSAT. 
· For each MSAT, emission estimates vary with alternative, which is expected given the substantial differences in the alternatives.
More specifically:
· All MSAT emissions for the Build Alternatives are expected to slightly increase between 0.01 tpy and 1.73 tpy in the Opening Year 2028, and between 0.01 tpy and 0.39 tpy during the Design Year 2040 when compared to the No-Build condition.  Diesel PM generally had the highest increases in Build MSAT emissions compared to the No-Build, while 1,3 Butadiene and POM generally had the smallest increases. 
· Of more significance is the Build Alternative conditions are expected to result in significant reductions in all MSATs compared to the Base Year in both the Opening and Design years as shown in Figures 4.3.13 to 4.3.21.  
· MSAT emissions for the Opening year Build Alternative conditions are expected to decrease between 0.3 tpy and 50 tpy compared to the Base year conditions, and MSAT emission for the Design year Build Alternative conditions are expected to decrease between 0.4 tpy and 57 tpy compared to the Base conditions.  Diesel PM generally had the highest decrease in MSAT emissions compared to the Existing conditions while POM generally had the lowest decrease in emissions.
· The highest increases in MSAT emissions are expected to occur with Alternative D, while the lowest increases are expected to occur with Alternative A.
In all cases, the magnitude of emissions is small in the opening and design years and significantly lower than in the base year.  The increase observed in 2028 and 2040 from the No-Build to the Build scenario are therefore not considered significant, especially considering that emissions of all MSATs are expected to be significantly lower in future years than in the base year.

Overall, the results of the MSAT analysis are consistent with national MSAT emission trends predicted by FHWA. No meaningful increases in MSATs have been identified and are not expected to cause an adverse effect on human health as a result of any of the Build Alternatives in future years.
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	Annual Vehicle Miles Traveled (Millions of VMT)
	Acrolein (TPY)
	Benzene (TPY)
	1,3 Butadiene (TPY)
	Diesel PM (TPY)
	Formaldehyde (TPY)
	Naphthalene (TPY)
	Polycyclic Organic Matter (TPY)

	2015 Base Year
	Existing Alternative A
	2,428.1
	0.544
	10.15
	1.190
	36.30
	8.52
	1.04
	0.450

	
	Existing Alternative B
	3,645.0
	0.835
	15.42
	1.820
	55.30
	13.03
	1.58
	0.687

	
	Existing Alternative C
	4,111.2
	0.891
	16.83
	1.970
	58.24
	13.97
	1.70
	0.737

	
	Existing Alternative D
	4,571.8
	0.989
	18.71
	2.189
	64.62
	15.51
	1.89
	0.820

	2028 Opening Year
	Alternative A
	3,564.9
	0.196
	4.05
	0.049
	8.94
	3.66
	0.373
	0.154

	
	No-Build
	3,492.8
	0.187
	4.04
	0.046
	8.42
	3.50
	0.360
	0.152

	
	Alternative B
	4,459.2
	0.239
	5.08
	0.059
	10.82
	4.48
	0.459
	0.191

	
	No-Build
	4,288.9
	0.225
	4.94
	0.055
	10.05
	4.22
	0.435
	0.184

	
	Alternative C
	5,274.1
	0.275
	6.00
	0.068
	12.36
	5.16
	0.531
	0.223

	
	No-Build
	5,064.6
	0.274
	5.67
	0.067
	12.00
	5.00
	0.528
	0.212

	
	Alternative D
	5,775.6
	0.317
	6.46
	0.079
	14.74
	5.94
	0.602
	0.245

	
	No-Build
	5,519.9
	0.289
	6.27
	0.071
	13.01
	5.43
	0.557
	0.233

	2040 Design Year
	Alternative A
	3,236.3
	0.104
	1.88
	0.006
	4.17
	2.23
	0.199
	0.070

	
	No-Build
	3,112.1
	0.095
	1.81
	0.005
	3.78
	2.04
	0.184
	0.068

	
	Alternative B
	4,859.9
	0.145
	2.82
	0.008
	5.71
	3.10
	0.281
	0.105

	
	No-Build
	4,647.8
	0.139
	2.70
	0.008
	5.49
	2.97
	0.269
	0.100

	
	Alternative C
	5,619.7
	0.166
	3.28
	0.009
	6.54
	3.56
	0.323
	0.123

	
	No-Build
	5,328.3
	0.160
	3.06
	0.009
	6.33
	3.42
	0.309
	0.113

	
	Alternative D
	6,385.6
	0.189
	3.67
	0.010
	7.46
	4.04
	0.366
	0.136

	
	No-Build
	5,972.6
	0.183
	3.45
	0.010
	7.29
	3.91
	0.352
	0.129
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	Annual Vehicle Millions of Miles Traveled (AVMT)
	Acrolein (TPY)
	Benzene (TPY)
	1,3 Butadiene (TPY)
	Diesel PM (TPY)
	Formaldehyde (TPY)
	Naphthalene (TPY)
	Polycyclic Organic Matter (TPY)

	2028 Opening Year
	Alternative A Build
	3,564.90
	0.20
	4.05
	0.05
	8.94
	3.66
	0.37
	0.15

	
	No-Build
	3,492.80
	0.19
	4.04
	0.05
	8.42
	3.50
	0.36
	0.15

	
	Difference  (Build-No- Build)
	72.10
	0.01
	0.01
	0.00
	0.52
	0.16
	0.01
	0.00

	
	Difference  (Build-Existing)
	1136.8
	-0.348
	-6.1
	-1.141
	-27.36
	-4.86
	-0.667
	-0.296

	
	Alternative B Build
	4,459.20
	0.24
	5.08
	0.06
	10.82
	4.48
	0.46
	0.19

	
	No-Build
	4,288.90
	0.23
	4.94
	0.06
	10.05
	4.22
	0.44
	0.18

	
	Difference  (Build-No- Build)
	170.30
	0.01
	0.14
	0.00
	0.77
	0.26
	0.02
	0.01

	
	Difference (Build-Existing)
	814.2
	-0.596
	-10.34
	-1.761
	-44.48
	-8.55
	-1.121
	-0.496

	
	Alternative C Build
	5,274.10
	0.28
	6.00
	0.07
	12.36
	5.16
	0.53
	0.22

	
	No-Build
	5,064.60
	0.27
	5.67
	0.07
	12.00
	5.00
	0.53
	0.21

	
	Difference (Build-No- Build)
	209.50
	0.00
	0.33
	0.00
	0.36
	0.16
	0.00
	0.01

	
	Difference (Build-Existing)
	1162.9
	-0.616
	-10.83
	-1.902
	-45.88
	-8.81
	-1.169
	-0.514

	
	Alternative D Build
	5,775.60
	0.32
	6.46
	0.08
	14.74
	5.94
	0.60
	0.25

	
	No-Build
	5,519.90
	0.29
	6.27
	0.07
	13.01
	5.43
	0.56
	0.23

	
	Difference  (Build-No-Build)
	255.70
	0.03
	0.19
	0.01
	1.73
	0.51
	0.04
	0.01

	
	Difference  (Build-Existing)
	1203.8
	-0.672
	-12.25
	-2.11
	-49.88
	-9.57
	-1.288
	-0.575

	2040 Design Year
	Alternative A Build
	3,236.30
	0.10
	1.88
	0.01
	4.17
	2.23
	0.20
	0.07

	
	No-Build
	3,112.10
	0.10
	1.81
	0.01
	3.78
	2.04
	0.18
	0.07

	
	Difference  (Build-No- Build)
	124.20
	0.01
	0.07
	0.00
	0.39
	0.19
	0.02
	0.00

	
	Difference  (Build-Existing)
	808.2
	-0.44
	-8.27
	-1.184
	-32.13
	-6.29
	-0.841
	-0.38

	
	Alternative B Build
	4,859.90
	0.15
	2.82
	0.01
	5.71
	3.10
	0.28
	0.11

	
	No-Build
	4,647.80
	0.14
	2.70
	0.01
	5.49
	2.97
	0.27
	0.10

	
	Difference  (Build-No- Build)
	212.10
	0.01
	0.12
	0.00
	0.22
	0.13
	0.01
	0.00

	
	Difference (Build-Existing)
	1214.9
	-0.69
	-12.6
	-1.812
	-49.59
	-9.93
	-1.299
	-0.582

	
	Alternative C Build
	5,619.70
	0.17
	3.28
	0.01
	6.54
	3.56
	0.32
	0.12

	
	No-Build
	5,328.30
	0.16
	3.06
	0.01
	6.33
	3.42
	0.31
	0.11

	
	Difference (Build-No- Build)
	291.40
	0.01
	0.22
	0.00
	0.21
	0.14
	0.01
	0.01

	
	Difference (Build-Existing)
	1508.5
	-0.725
	-13.55
	-1.961
	-51.7
	-10.41
	-1.377
	-0.614

	
	Alternative D Build
	6,385.60
	0.19
	3.67
	0.01
	7.46
	4.04
	0.37
	0.14

	
	No-Build
	5,972.60
	0.18
	3.45
	0.01
	7.29
	3.91
	0.35
	0.13

	
	Difference  (Build-No-Build)
	413.00
	0.01
	0.22
	0.00
	0.17
	0.13
	0.01
	0.01

	
	Difference  (Build-Existing)
	1813.8
	-0.8
	-15.04
	-2.179
	-57.16
	-11.47
	-1.524
	-0.684




[bookmark: _Toc482107143][bookmark: _Toc452716321][bookmark: _Toc452716319]MSAT Trend Charts recommended for EISs, and preferred but not required for EAs
[bookmark: _Toc524530724]Exhibit 4.3.13: 1,3 Butadiene MSAT Results for Existing, 2028 and 2040 Conditions
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[bookmark: _Toc524530725]Exhibit 4.3.14: Acetaldehyde - MSAT Results for Existing, 2028 and 2040 Conditions 
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[bookmark: _Toc524530726]Exhibit 4.3.15: Acrolein- MSAT Results for Existing, 2028 and 2040 Conditions 
[image: ]



[bookmark: _Toc452716320][bookmark: _Toc524530727]Exhibit 4.3.16: Benzene MSAT Results for Existing, 2028 and 2040 Conditions
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[bookmark: _Toc452716322][bookmark: _Toc524530728]Exhibit 4.3.17: Diesel PM MSAT Results for Existing, 2028 and 2040 Conditions
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[bookmark: _Toc524530729]Exhibit 4.3.18: Ethylbenzene MSAT Results for Existing, 2028 and 2040 Conditions
(add chart)
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[bookmark: _Toc524530730]Exhibit 4.3.19: Formaldehyde MSAT Results for Existing, 2028 and 2040 Conditions
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[bookmark: _Toc452716324][bookmark: _Toc524530731]Exhibit 4.3.20: Naphthalene MSAT Results for Existing, 2028 and 2040 Conditions
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[bookmark: _Toc452716325][bookmark: _Toc524530732]Exhibit 4.3.21: Polycyclic Organic Matter (POM) MSAT Results for Existing, 2028 and 2040 Conditions
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Incomplete or Unavailable Information for Project-Specific MSAT Health Impacts Analysis

In FHWA’s view, information is incomplete or unavailable to credibly predict the project-specific health impacts due to changes in mobile source air toxic (MSAT) emissions associated with a proposed set of highway alternatives. The outcome of such an assessment, adverse or not, would be influenced more by the uncertainty introduced into the process through assumption and speculation rather than any genuine insight into the actual health impacts directly attributable to MSAT exposure associated with a proposed action.

The Environmental Protection Agency (EPA) is responsible for protecting the public health and welfare from any known or anticipated effect of an air pollutant. They are the lead authority for administering the Clean Air Act and its amendments and have specific statutory obligations with respect to hazardous air pollutants and MSAT. The EPA is in the continual process of assessing human health effects, exposures, and risks posed by air pollutants. They maintain the Integrated Risk Information System (IRIS), which is “a compilation of electronic reports on specific substances found in the environment and their potential to cause human health effects” (EPA, https://www.epa.gov/iris/). Each report contains assessments of non-cancerous and cancerous effects for individual compounds and quantitative estimates of risk levels from lifetime oral and inhalation exposures with uncertainty spanning perhaps an order of magnitude.

Other organizations are also active in the research and analyses of the human health effects of MSAT, including the Health Effects Institute (HEI). A number of HEI studies are summarized in Appendix D of FHWA’s Updated Interim Guidance on Mobile Source Air Toxic Analysis in NEPA Documents. Among the adverse health effects linked to MSAT compounds at high exposures are: cancer in humans in occupational settings; cancer in animals; and irritation to the respiratory tract, including the exacerbation of asthma. Less obvious is the adverse human health effects of MSAT compounds at current environmental concentrations (HEI Special Report 16, https://www.healtheffects.org/publication/mobile-source-air-toxics-critical-review-literature-exposure-and-health-effects) or in the future as vehicle emissions substantially decrease.

The methodologies for forecasting health impacts include emissions modeling; dispersion modeling; exposure modeling; and then final determination of health impacts – each step in the process building on the model predictions obtained in the previous step. All are encumbered by technical shortcomings or uncertain science that prevents a more complete differentiation of the MSAT health impacts among a set of project alternatives. These difficulties are magnified for lifetime (i.e., 70 year) assessments, particularly because unsupportable assumptions would have to be made regarding changes in travel patterns and vehicle technology (which affects emissions rates) over that time frame, since such information is unavailable.

It is particularly difficult to reliably forecast 70-year lifetime MSAT concentrations and exposure near roadways; to determine the portion of time that people are actually exposed at a specific location; and to establish the extent attributable to a proposed action, especially given that some of the information needed is unavailable.

There are considerable uncertainties associated with the existing estimates of toxicity of the various MSAT, because of factors such as low-dose extrapolation and translation of occupational exposure data to the general population, a concern expressed by HEI
(Special Report 16, https://www.healtheffects.org/publication/mobile-source-air-toxicscritical-
review-literature-exposure-and-health-effects). As a result, there is no national consensus on air dose-response values assumed to protect the public health and welfare for MSAT compounds, and in particular for diesel PM. The EPA states that with respect to diesel engine exhaust, “[t]he absence of adequate data to develop a sufficiently confident dose-response relationship from the epidemiologic studies has prevented the estimation of inhalation carcinogenic risk (https://www.epa.gov/iris).”

There is also the lack of a national consensus on an acceptable level of risk. The current context is the process used by the EPA as provided by the Clean Air Act to determine whether more stringent controls are required in order to provide an ample margin of safety to protect public health or to prevent an adverse environmental effect for industrial sources subject to the maximum achievable control technology standards, such as benzene emissions from refineries. The decision framework is a two-step process. The first step requires EPA to determine an “acceptable” level of risk due to emissions from a source, which is generally no greater than approximately 100 in a million. Additional factors are considered in the second step, the goal of which is to maximize the number of people with risks less than 1 in a million due to emissions from a source. The results of this statutory two-step process do not guarantee that cancer risks from exposure to air toxics are less than 1 in a million; in some cases, the residual risk determination could result in maximum individual cancer risks that are as high as approximately 100 in a million. In a June 2008 decision, the U.S. Court of Appeals for the District of Columbia Circuit upheld EPA’s approach to addressing risk in its two step decision framework. Information is incomplete or unavailable to establish that even the largest of highway projects would result in levels of risk greater than deemed acceptable
(https://www.cadc.uscourts.gov/internet/opinions.nsf/284E23FFE079CD5985257800005
0C9DA/$file/07-1053-1120274.pdf).

Because of the limitations in the methodologies for forecasting health impacts described, any predicted difference in health impacts between alternatives is likely to be much smaller than the uncertainties associated with predicting the impacts. Consequently, the results of such assessments would not be useful to decision makers, who would need to weigh this information against project benefits, such as reducing traffic congestion, accident rates, and fatalities plus improved access for emergency response, that are better suited for quantitative analysis.
Conclusions for MSATs
These conclusions may be modified for example to include summary statements for the results of the quantitative analysis, if one is conducted for the project.

As discussed above, technical shortcomings of emissions and dispersion models and uncertain science with respect to health effects prevent meaningful or reliable estimates of MSAT emissions and effects of this project at this time. While it is possible that localized increases in MSAT emissions may occur as a result of this project, emissions will likely be lower than present levels in the design year of this project as a result of EPA's national control programs that are projected to reduce annual MSAT emissions by over 80 percent between 2010 and 2050. Although local conditions may differ from these national projections in terms of fleet mix and turnover, VMT growth rates, and local control measures, the magnitude of the EPA-projected reductions is so great (even after accounting for VMT growth) that MSAT emissions in the study area are likely to be lower in the future in nearly all cases.
[bookmark: _Toc5629317][bookmark: _Toc450208880]Greenhouse Gases 

A qualitative GHG analysis is required for projects involving an EIS, per Section 4.7 of the VDOT Resource Document[footnoteRef:76]. For projects not involving an EIS, a GHG analysis is not needed. [76:  	In the absence of applicable federal guidance (following the withdrawal of 2016 guidance issued by the Council on Environmental Quality), Department policy applies.
See: https://www.gpo.gov/fdsys/pkg/FR-2017-04-05/pdf/2017-06770.pdf. ] 

Consistent with the protocol specified in Section 4.7 of the VDOT Resource Document[footnoteRef:77], a greenhouse gas assessment is not required as the project does not involve an environmental impact statement (EIS).  [77:  	In the absence of applicable federal guidance (following the withdrawal of 2016 guidance issued by the Council on Environmental Quality), Department policy applies.
See: https://www.gpo.gov/fdsys/pkg/FR-2017-04-05/pdf/2017-06770.pdf. ] 


For projects involving an EIS, a GHG analysis is required per Section 4.7 of the VDOT Resource Document. The following GHG analysis is an example taken from a recent study (US Route 121).
Climate change is a critical national and global concern.  Human activity is changing the earth’s climate by causing the buildup of heat-trapping greenhouse gas (GHG) emissions through the burning of fossil fuels and other human activities.  Carbon dioxide (CO2) is the largest component of human produced emissions; other prominent emissions include methane (CH4), nitrous oxide (N2O) and hydrofluorocarbons (HFCs).  These emissions are different from criteria air pollutants since their effects in the atmosphere are global rather than localized, and also since they remain in the atmosphere for decades to centuries, depending on the species.  

Greenhouse gas emissions have accumulated rapidly as the world has industrialized, with concentration of atmospheric CO2 increasing from roughly 300 parts per million in 1900 to over 400 parts per million today.  Over this timeframe, global average temperatures have increased by roughly 1.5 degrees Fahrenheit (1 degree Celsius), and the most rapid increases have occurred over the past 50 years.  Scientists have warned that significant and potentially dangerous shifts in climate and weather are possible without substantial reductions in greenhouse gas emissions. They commonly have cited 2 degrees Celsius (1 degree Celsius beyond warming that has already occurred) as the total amount of warming the earth can tolerate without serious and potentially irreversible climate effects.  For warming to be limited to this level, atmospheric concentrations of CO2 would need to stabilize at a maximum of 450 ppm, requiring annual global emissions to be reduced 40-70% below 2010 levels by 2050.[footnoteRef:78]  State and national governments in many developed countries have set GHG emissions reduction targets of 80 percent below current levels by 2050, recognizing that post-industrial economies are primarily responsible for GHGs already in the atmosphere.   As part of a 2014 bilateral agreement with China, the U.S. pledged to reduce GHG emissions 26-28 percent below 2005 levels by 2025; this emissions reduction pathway is intended to support economy-wide reductions of 80 percent or more by 2050.[footnoteRef:79]   [78:  	IPCC, 2014: Climate Change 2014: Synthesis Report Summary for Policymakers. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.]  [79:  	“U.S.-China Joint Announcement on Climate Change,” White House, Office of the Press Secretary, November 11, 2014, on the White House website, https://www.whitehouse.gov/the-press-office/2014/11/11/us-china-joint-announcement-climate-change, accessed June 5, 2015.  ] 


GHG emissions from vehicles using roadways are a function of distance travelled (expressed as vehicle miles travelled, or VMT), vehicle speed, and road grade.  GHG emissions are also generated during roadway construction and maintenance activities.

Under the No-Build Alternative, VMT would gradually decline between 2010 and 2040 as employment and population in the area decline.  (These trends are discussed in more detail in the Socioeconomics, Land Use, and Visual Impacts Technical Report.)  However, under the Build Alternatives, changes in land use due to employment and population increases lead to an increase in VMT relative to the No-Build Alternative.  Under the No-Build Alternative, VMT declines approximately 11% between 2010 and 2040; under the Build Alternatives, VMT would increase by approximately 10% compared to 2010 levels (the increases range from 9.6% to 10.4% depending on alternative).  Nationally, the Energy Information Administration (EIA) estimates that VMT will increase by approximately 38% between 2012 and 2040, so the VMT increase under the Build Alternatives is still far below the projected national rate.[footnoteRef:80] [80:  	Calculated from Annual Energy Outlook 2015, Table A7.  The increase in VMT is calculated from 2012 because AEO2015 does not include data for 2010.] 


A major factor in mitigating this increase in VMT is EPA’s GHG emissions standards, implemented in concert with national fuel economy standards.  EIA projects that vehicle energy efficiency (and thus, GHG emissions) on a per-mile basis will improve by 28% between 2012 and 2040.  This improvement in vehicle emissions rates is more than sufficient to offset the increase in VMT.  Thus, the project area would see a net reduction in GHG emissions under any of the Build Alternatives, even though VMT increases relative to the No-Build Alternative and 2010 levels.

Other factors related to the project would also help reduce GHG emissions relative to the No-Build Alternative.  The project would improve vehicle speeds by reducing the number of curves and increasing the typical curve radius and design speed, and by providing an extra lane so that motorists can more easily pass slow-moving vehicles.  The average travel speed across the entire study area would increase from 41.1 miles per hour under the No-Build Alternative to 42.5 miles per hour under the Build Alternatives.  GHG emissions rates decrease with speed over the range of average speeds encountered in this corridor, although they do increase at very high speeds.  Reduction of road grade also reduces energy consumption and GHG emissions; the maximum design grade of the project is 6%, while the existing routes in the study area have sections with grades between 8% and 13%.  EPA estimates that each 1% decrease in grade reduces energy consumption and GHG emissions by 7%, although the effect is not linear.[footnoteRef:81]  Finally, Section 4 of the Traffic Forecasting and Analysis Technical Report indicates that existing roadways in the project area have accident rates that are well above the statewide average, and that crash rates for rural 4-lane divided highways are much lower than for the rural 2-lane roadways prevalent in the area.  The safety improvements associated with the new route would produce emissions benefits by reducing vehicle delay and idling. [81:  	EPA MOVES2010b model.] 


Construction and subsequent maintenance of the project would generate GHG emissions.  Preparation of the roadway corridor (e.g., earth-moving activities) involves a considerable amount of energy consumption and resulting GHG emissions; manufacture of the materials used in construction and fuel used by construction equipment also contribute to GHG emissions.  Typically, construction emissions associated with a new roadway account for approximately 5% of the total 20-year lifetime emissions from the roadway, although this can vary widely with the extent of construction activity and the number of vehicles that use the roadway.

The addition of new roadway miles to the study area roadway network would also increase the energy and GHG emissions associated with maintaining those new roadway miles in the future.  Depending on alternative, the total roadway miles in the study area that need to be maintained on an ongoing basis would increase by between 10% and 18% relative to the No-Build Alternative.  The increase in maintenance needs due to the addition of new roadway infrastructure would be partially offset by the reduced need for maintenance on existing routes (because of lower total traffic and truck volumes on those routes).

[bookmark: _Toc458093933][bookmark: _Toc5629318]Indirect Effects and Cumulative Impacts (IECI) Assessment
The following IECI analysis is an example taken from a recent study.
Indirect effects are defined by the CEQ as “effects which are caused by the action and are later in time or farther removed in distance, but are still reasonably foreseeable. Indirect effects may include growth inducing effects and other effects related to induced changes in the pattern of land use, population density or growth rate, and related effects on air and water or other natural systems, including ecosystems” (40 CFR 1508.8(b)). For transportation projects, induced growth is attributed to changes in accessibility caused by the project that influences the location and/or magnitude of future development.[footnoteRef:82]  [82:  	See: http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_466.pdf] 


Cumulative impacts are “the impact on the environment which results from the incremental impact of the action when added to other past, present, and reasonably foreseeable future actions regardless of what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative impacts can result from individually minor but collectively significant actions taking place over a period of time.” (40 CFR 1508.7). According to the Federal Highway Administration’s (FHWA) Interim Guidance: Questions and Answers Regarding the Consideration of Indirect and Cumulative Impacts in the NEPA Process, cumulative impacts include the total of all impacts to a particular resource that have occurred, are occurring, and will likely occur as a result of any action or influence, including the direct and reasonably foreseeable indirect impacts of a proposed project. Cumulative impacts include indirect effects. The potential for indirect effects or cumulative impacts to air quality that may be attributable to this project is not expected to be significant for two reasons.  

Different summaries are provided for projects located outside or inside Northern Virginia:

Outside of Northern Virginia: 
First, regarding the potential for indirect effects, the quantitative assessments conducted for project-specific CO and the <qualitative> or <quantitative> analyses for MSAT impacts can be considered indirect effects analyses because they look at air quality impacts attributable to the project that occur in the future. These analyses demonstrate that, in the future: 1) air quality impacts from CO will not cause or contribute to violations of the CO NAAQS, and 2) MSAT emissions will be significantly lower than they are today.

Second, regarding the potential for cumulative impacts, EPA’s air quality designations for the region reflect, in part, the accumulated mobile source emissions from past and present actions. Since EPA has designated the region to be in attainment for all of the NAAQS, the potential for cumulative impacts associated with the project is not expected to be significant.

Northern Virginia:
First, regarding the potential for indirect effects, the quantitative assessments conducted for project-specific CO, <qualitative> or <quantitative> analyses for MSAT impacts and the regional conformity analysis conducted for ozone can all be considered indirect effects analyses because they look at air quality impacts attributable to the project that occur in the future. These analyses demonstrate that, in the future: 1) air quality impacts from CO will not cause or contribute to violations of the CO NAAQS, 2) MSAT emissions will be significantly lower than they are today, and 3) the mobile source emissions budgets established for the region for purposes of meeting the ozone NAAQS will not be exceeded.

Second, regarding the potential for cumulative impacts, the annual conformity analysis conducted by the National Capital Region (NCR) Transportation Planning Board (TPB, which is the Metropolitan Planning Organization or MPO for the Washington, D.C. metropolitan area) represents a cumulative impact assessment for purposes of regional air quality. 
· The existing air quality designations for the region are based, in part, on the accumulated mobile source emissions from past and present actions, and these pollutants serve as a baseline for the current conformity analysis.  
· The conformity analysis quantifies the amount of mobile source emissions for which the area is designated nonattainment/maintenance that will result from the implementation of all reasonably foreseeable regionally significant transportation projects in the region (i.e. those proposed for construction funding over the life of the region’s transportation plan).  
· The most recent conformity analysis was completed in October 201x, with FHWA and FTA issuing a conformity finding on February x, 201x for the Transportation Improvement Program (TIP) and Constrained Long Range Plan (CLRP) covered by that analysis. This analysis demonstrated that the incremental impact of the proposed project on mobile source emissions, when added to the emissions from other past, present, and reasonably foreseeable future actions, is in conformance with the SIP and will not cause or contribute to a new violation, increase the frequency or severity of any violation, or delay timely attainment of the NAAQS established by EPA.

Therefore, the indirect and cumulative effects of the project are not expected to be significant.

[bookmark: _Toc458093934][bookmark: _Toc5629319]Mitigation

Emissions may be produced in the construction of this project from heavy equipment and vehicle travel to and from the site, as well as from fugitive sources. Construction emissions are short term or temporary in nature. To mitigate these emissions, all construction activities are to be performed in accordance with VDOT Road and Bridge Specifications[footnoteRef:83]. [83:  	See http://www.virginiadot.org/business/const/spec-default.asp ] 


Include the documentation of VDEQ comments for the specific county or counties in which the project is located.
In addition, as noted previously, the Virginia Department of Environmental Quality (VDEQ) provides general comments for projects by county. Their comments in part address mitigation[footnoteRef:84]: “…all reasonable precautions should be taken to limit the emissions of VOC and NOx.  In addition, the following VDEQ air pollution regulations must be adhered to during the construction of this project: 9 VAC 5-130, Open Burning restrictions[footnoteRef:85]; 9 VAC 5-45, Article 7, Cutback Asphalt restrictions[footnoteRef:86]; and 9 VAC 5-50, Article 1, Fugitive Dust precautions[footnoteRef:87].” [84:  	Spreadsheet entitled: “DEQ SERP Comments rev8b”, March 2017]  [85:  	See: http://leg1.state.va.us/000/reg/TOC09005.HTM#C0130 ]  [86:  	See: http://leg1.state.va.us/cgi-bin/legp504.exe?000+reg+9VAC5-45-760 ]  [87:  	See: http://leg1.state.va.us/cgi-bin/legp504.exe?000+reg+9VAC5-50-60 ] 
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[bookmark: _Toc5629321]Public Consultation 

Public consultation is generally conducted and documented within the overall NEPA process, and not separately by subject area (including air quality). Please refer to the overall NEPA documentation for a summary of public consultation activities for this project. 
[bookmark: _Toc5629322]Inter-Agency Consultation
The following standard text (or a similar statement, as appropriate to the analysis), including the associated references, must be included within the documentation for each project-level air quality analysis conducted by or on behalf of the Department. It is also typically included for purposes of NEPA, to document consultation with FHWA on the models, methods, assumptions and protocols from the VDOT Resource Document that were applied in the air quality analysis for this project.
Models, Methods, Assumptions and Protocols Specified in the VDOT Resource Document

For projects located in northern Virginia: 
All models, methods, assumptions and protocols specified or referenced within the VDOT Resource Document[footnoteRef:88] for projects in northern Virginia were subjected to inter-agency consultation for conformity (IACC) and NEPA (IAC) with FHWA, EPA, DEQ and other agencies prior to being finalized in 2016. IACC was required at that time as it was before project-level conformity requirements in northern Virginia were eliminated for CO (with the expiry of the CO maintenance plan on March 16, 2016) and PM2.5 (with the revocation by EPA of the applicable annual primary NAAQS effective October 24, 2016). Appendix A of the Resource Document provides a summary of the consultation process and results. Currently, inter-agency consultation for projects is limited to that needed for purposes of NEPA. [88:  	See: http://www.virginiadot.org/projects/environmental_air_section.asp              ] 


For projects located outside of northern Virginia: 
All models, methods, assumptions and protocols specified or referenced within the VDOT Resource Document[footnoteRef:89] were subjected to inter-agency consultation with FHWA, DEQ and other agencies for purposes of NEPA prior to being finalized in 2016. Appendix A of the Resource Document provides a summary of the consultation process and results. [89:  	See: http://www.virginiadot.org/projects/environmental_air_section.asp              ] 


For projects located anywhere in Virginia, for any analyses involving inter-agency consultation over and above that already conducted on the Resource Document, the following statement (or a similar statement as appropriate to the analysis) is typically included within the documentation for the project-level air quality analysis prepared by or on behalf of the Department. Sample text is provided below.
For this analysis, and notwithstanding the IACC has already conducted on the Resource Document as referenced above and that conformity requirements for project-level analyses no longer apply in Virginia in the absence of a nonattainment or maintenance area for CO or PM, project-specific inter-agency consultation for purposes of NEPA was conducted on <dates> involving the same agency stakeholders as noted above <or list agency stakeholders>. The additional consultation was conducted:
· <as the air quality analysis for this project is being developed in support of an Environmental Impact Statement or Environmental Assessment, the project may be considered one of greater interest to the public and other stakeholders, and/or the project may be considered relatively complex, for which the Department at its discretion provides additional opportunities for public and inter-agency stakeholder review and comment in the interests of greater transparency.>
· <as the proposed analysis involves the application of specific <models>, <methods> and/or <assumptions> that are or may be substantively different from those specified in the Resource Document, but are considered appropriate for this project for the following reason(s): …<SPECIFY OR LIST>. Otherwise, the models, methods/protocols and assumptions applied in the analysis were applied as specified in the Resource Document.> <and/or> 
· <for transparency, as the applicable <models>, <methods> and/or <assumptions> as specified in federal regulations and guidance have changed since the issuance or last update of the Resource Document (which incorporates all such updates automatically) but have not been explicitly incorporated into an updated version of the Resource Document and/or the associated online data repository>.

All comments received were considered as appropriate before the models, methods/protocols and assumptions (including data and data sources) for the analysis for this project were finalized. A summary of the project-specific consultation process and results is provided in Appendix <D> of this analysis.
Virginia Department of Environmental Quality 

VDEQ provides a tabulation of general comments organized by jurisdiction[footnoteRef:90]. For <jurisdiction>, they provided the following comments: [90:  	Spreadsheet entitled: “DEQ SERP Comments rev8b”, March 2017, downloaded from the online data repository for the VDOT Resource Document. See: http://www.virginiadot.org/projects/environmental_air_section.asp. ] 


“This project is located within a Marginal 8-hour Ozone Nonattainment area, and a volatile organic compounds (VOC) and nitrogen oxides (NOx) Emissions Control Area.  As such, all reasonable precautions should be taken to limit the emissions of VOC and NOx.  In addition, the following VDEQ air pollution regulations must be adhered to during the construction of this project: 9 VAC 5-130, Open Burning restrictions[footnoteRef:91]; 9 VAC 5-45, Article 7, Cutback Asphalt restrictions[footnoteRef:92]; and 9 VAC 5-50, Article 1, Fugitive Dust precautions[footnoteRef:93].” [91:  	See: http://leg1.state.va.us/000/reg/TOC09005.HTM#C0130 ]  [92:  	See: http://leg1.state.va.us/cgi-bin/legp504.exe?000+reg+9VAC5-45-760 ]  [93:  	See: http://leg1.state.va.us/cgi-bin/legp504.exe?000+reg+9VAC5-50-60 ] 


[bookmark: _Toc458093936][bookmark: _Toc5629323]Conclusions

The proposed improvements were assessed for potential air quality impacts and compliance with applicable air quality regulations and requirements. All models, methods/protocols and assumptions applied in modeling and analyses were made consistent with those provided or specified in the VDOT Resource Document. The assessment indicates that the project would meet all applicable air quality requirements of the National Environmental Policy Act (NEPA) and federal and state transportation conformity regulations. As such, the project will not cause or contribute to a new violation of the NAAQS established by EPA.
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Comparison of Worst-Case and Modeled Traffic Volume

LD-104 (ENTRADA) Forecasts

<Other Forecasts, e.g., Traffic Study Excerpts>











Comparison of Worst-Case and Modeled Traffic Volumes
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Sample MOVES Run-Specification File
Emission Factor Charts

Dispersion Modeling:
Sample CAL3QHC Inputs & Outputs



Sample MOVES2014a Run-Spec

2022 Worst Case Build Scenario 
UPC xxxxxx Route #

<runspec version="MOVES2014a-20151201">
<description><![CDATA[UPC ###### 
2022
Defaults Fuels 
RD Met. (SIP)
Links RG Sensitivty (UR & UU only)
LSTHF from VDOT RD Method 1b
* Route # - Urban Principal Arterial - Other
* Local Roads - Unrestricted Access]]></description>
	<models>
		<model value="ONROAD"/>
	</models>
	<modelscale value="Inv"/>
	<modeldomain value="PROJECT"/>
	<geographicselections>
		<geographicselection type="COUNTY" key="51107" description="VIRGINIA - Loudoun County"/>
	</geographicselections>
	<timespan>
		<year key="2022"/>
		<month id="1"/>
		<day id="5"/>
		<beginhour id="8"/>
		<endhour id="8"/>
		<aggregateBy key="Hour"/>
	</timespan>
	<onroadvehicleselections>
		<onroadvehicleselection fueltypeid="3" fueltypedesc="Compressed Natural Gas (CNG)" sourcetypeid="42" sourcetypename="Transit Bus"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="62" sourcetypename="Combination Long-haul Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="61" sourcetypename="Combination Short-haul Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="41" sourcetypename="Intercity Bus"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="32" sourcetypename="Light Commercial Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="54" sourcetypename="Motor Home"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="21" sourcetypename="Passenger Car"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="31" sourcetypename="Passenger Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="51" sourcetypename="Refuse Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="43" sourcetypename="School Bus"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="53" sourcetypename="Single Unit Long-haul Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="52" sourcetypename="Single Unit Short-haul Truck"/>
		<onroadvehicleselection fueltypeid="2" fueltypedesc="Diesel Fuel" sourcetypeid="42" sourcetypename="Transit Bus"/>
		<onroadvehicleselection fueltypeid="5" fueltypedesc="Ethanol (E-85)" sourcetypeid="32" sourcetypename="Light Commercial Truck"/>
		<onroadvehicleselection fueltypeid="5" fueltypedesc="Ethanol (E-85)" sourcetypeid="21" sourcetypename="Passenger Car"/>
		<onroadvehicleselection fueltypeid="5" fueltypedesc="Ethanol (E-85)" sourcetypeid="31" sourcetypename="Passenger Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="61" sourcetypename="Combination Short-haul Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="32" sourcetypename="Light Commercial Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="54" sourcetypename="Motor Home"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="11" sourcetypename="Motorcycle"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="21" sourcetypename="Passenger Car"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="31" sourcetypename="Passenger Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="51" sourcetypename="Refuse Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="43" sourcetypename="School Bus"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="53" sourcetypename="Single Unit Long-haul Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="52" sourcetypename="Single Unit Short-haul Truck"/>
		<onroadvehicleselection fueltypeid="1" fueltypedesc="Gasoline" sourcetypeid="42" sourcetypename="Transit Bus"/>
	</onroadvehicleselections>
	<offroadvehicleselections>
	</offroadvehicleselections>
	<offroadvehiclesccs>
	</offroadvehiclesccs>
	<roadtypes separateramps="false">
		<roadtype roadtypeid="4" roadtypename="Urban Restricted Access" modelCombination="M1"/>
		<roadtype roadtypeid="5" roadtypename="Urban Unrestricted Access" modelCombination="M1"/>
	</roadtypes>
	<pollutantprocessassociations>
		<pollutantprocessassociation pollutantkey="2" pollutantname="Carbon Monoxide (CO)" processkey="1" processname="Running Exhaust"/>
		<pollutantprocessassociation pollutantkey="2" pollutantname="Carbon Monoxide (CO)" processkey="15" processname="Crankcase Running Exhaust"/>
	</pollutantprocessassociations>
	<databaseselections>
	</databaseselections>
	<internalcontrolstrategies>
<internalcontrolstrategy classname="gov.epa.otaq.moves.master.implementation.ghg.internalcontrolstrategies.rateofprogress.RateOfProgressStrategy"><![CDATA[
useParameters	No

]]></internalcontrolstrategy>
	</internalcontrolstrategies>
	<inputdatabase servername="" databasename="" description=""/>
	<uncertaintyparameters uncertaintymodeenabled="false" numberofrunspersimulation="0" numberofsimulations="0"/>
	<geographicoutputdetail description="LINK"/>
	<outputemissionsbreakdownselection>
		<modelyear selected="false"/>
		<fueltype selected="false"/>
		<fuelsubtype selected="false"/>
		<emissionprocess selected="false"/>
		<onroadoffroad selected="true"/>
		<roadtype selected="true"/>
		<sourceusetype selected="false"/>
		<movesvehicletype selected="false"/>
		<onroadscc selected="false"/>
		<estimateuncertainty selected="false" numberOfIterations="2" keepSampledData="false" keepIterations="false"/>
		<sector selected="false"/>
		<engtechid selected="false"/>
		<hpclass selected="false"/>
		<regclassid selected="false"/>
	</outputemissionsbreakdownselection>
	<outputdatabase servername="" databasename="upc_105584_co_invefs_def_fuels_rd_met_2022_output" description=""/>
	<outputtimestep value="Hour"/>
	<outputvmtdata value="true"/>
	<outputsho value="true"/>
	<outputsh value="false"/>
	<outputshp value="false"/>
	<outputshidling value="false"/>
	<outputstarts value="false"/>
	<outputpopulation value="true"/>
	<scaleinputdatabase servername="localhost" databasename="upc_105584_co_invefs_def_fuels_rd_met_2022_input" description=""/>
	<pmsize value="0"/>
	<outputfactors>
		<timefactors selected="true" units="Hours"/>
		<distancefactors selected="true" units="Miles"/>
		<massfactors selected="true" units="Grams" energyunits="Joules"/>
	</outputfactors>
	<savedata>

	</savedata>

	<donotexecute>

	</donotexecute>

	<generatordatabase shouldsave="false" servername="" databasename="" description=""/>
		<donotperformfinalaggregation selected="false"/>
	<lookuptableflags scenarioid="" truncateoutput="true" truncateactivity="true" truncatebaserates="true"/>
</runspec>


Sample CAL3QHC Inputs
As generated using the FHWA Cal3Interface Model
2022 Worst Case Build Scenario

'UPC 105584',60.,108.,0.0,0.0,60,0.3048,1,0
'NS N Leg E Side-Corner', -32, 466, 5.9
'NS N Leg E Side - 25 m', -32, 538, 5.9
'NS N Leg E Side - 50 m', -32, 620, 5.9
'NS N Leg W Side-Corner', -148, 466, 5.9
'NS N Leg W Side - 25 m', -148, 538, 5.9
'NS N Leg W Side - 50 m', -148, 620, 5.9
'NS S Leg E Side-Corner', -17.1, 350, 5.9
'NS S Leg E Side - 25 m', -0.9, 279.8, 5.9
'NS S Leg W Side-Corner', -136.1, 350, 5.9
'NS S Leg W Side - 25 m', -119.9, 279.8, 5.9
'NS E Leg N Side - 25 m', 40, 466, 5.9
'NS E Leg N Side - 50 m', 122, 466, 5.9
'NS W Leg N Side - 25 m', -220, 466, 5.9
'NS W Leg N Side - 50 m', -302, 466, 5.9
'NS E Leg S Side - 25 m', 54.9, 350, 5.9
'NS E Leg S Side - 50 m', 137, 350, 5.9
'NS W Leg S Side - 25 m', -208.2, 350, 5.9
'NS W Leg S Side - 50 m', -290.2, 350, 5.9
'N Leg, E Side-Corner',41.1,80.0,5.9
'N Leg, E Side - 25 m',27.1,140.4,5.9
'N Leg, E Side - 50 m',8.7,220.4,5.9
'N Leg, W Side-Corner',-78.0,80.0,5.9
'N Leg, W Side - 25 m',-91.9,140.4,5.9
'N Leg, W Side - 50 m',-110.4,220.4,5.9
'S Leg, E Side-Corner',78.0,-80.0,5.9
'S Leg, E Side - 25 m',91.9,-140.4,5.9
'S Leg, E Side - 50 m',110.4,-220.4,5.9
'S Leg, W Side-Corner',-41.1,-80.0,5.9
'S Leg, W Side - 25 m',-27.1,-140.4,5.9
'S Leg, W Side - 50 m',-8.7,-220.4,5.9
'E Leg, N Side - 25 m',113.1,80.0,5.9
'E Leg, N Side - 50 m',195.1,80.0,5.9
'E Leg, N Side-Midblk',631.1,80.0,5.9
'W Leg, N Side - 25 m',-150.0,80.0,5.9
'W Leg, N Side - 50 m',-232.0,80.0,5.9
'W Leg, N Side-Midblk',-668.0,80.0,5.9
'E Leg, S Side - 25 m',150.0,-80.0,5.9
'E Leg, S Side - 50 m',232.0,-80.0,5.9
'E Leg, S Side-Midblk',668.0,-80.0,5.9
'W Leg, S Side - 25 m',-113.1,-80.0,5.9
'W Leg, S Side - 50 m',-195.1,-80.0,5.9
'W Leg, S Side-Midblk',-631.1,-80.0,5.9
'SS N Leg E Side-Corner', 136.1, -350, 5.9
'SS N Leg E Side - 25 m', 119.9, -279.8, 5.9
'SS N Leg W Side-Corner', 17.1, -350, 5.9
'SS N Leg W Side - 25 m', 0.9, -279.8, 5.9
'SS S Leg E Side-Corner', 148, -466, 5.9
'SS S Leg E Side - 25 m', 148, -538, 5.9
'SS S Leg E Side - 50 m', 148, -620, 5.9
'SS S Leg W Side-Corner', 32, -466, 5.9
'SS S Leg W Side - 25 m', 32, -538, 5.9
'SS S Leg W Side - 50 m', 32, -620, 5.9
'SS E Leg N Side - 25 m', 208.2, -350, 5.9
'SS E Leg N Side - 50 m', 290.2, -350, 5.9
'SS W Leg N Side - 25 m', -54.9, -350, 5.9
'SS W Leg N Side - 50 m', -137, -350, 5.9
'SS E Leg S Side - 25 m', 220, -466, 5.9
'SS E Leg S Side - 50 m', 302, -466, 5.9
'SS W Leg S Side - 25 m', -40, -466, 5.9
'SS W Leg S Side - 50 m', -122, -466, 5.9
'Opening Yr 2022, Rte #- 10x10,RG1,Locals-8x8,RG 7',28,1,0,'C'
1
'NS N Leg App - FreeFlow', 'AG', -113, 432, -113, 1584, 4920, 0.57, 0, 67.7
2
'NS N Leg App - Queue', 'AG', -113, 432, -113, 1584, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'NS N Leg Dep - FreeFlow', 'AG', -67, 432, -67, 1584, 4920, 8.44, 0, 67.7
2
'NS S Leg App - Queue', 'AG', -67, 395, 23, 5, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'NS E Leg App - FreeFlow', 'AG', -67, 432, 1133, 432, 4920, 0.57, 0, 67.7
2
'NS E Leg App - Queue', 'AG', -67, 432, 1133, 432, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'NS E Leg Dep - FreeFlow', 'AG', -67, 384, 1133, 384, 4920, 8.4, 0, 67.7
1
'NS W Leg App - FreeFlow', 'AG', -113, 384, -1313, 384, 4920, 8.4, 0, 67.7
2
'NS W Leg App - Queue', 'AG', -113, 384, -1313, 384, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'NS W Leg Dep - FreeFlow', 'AG', -113, 432, -1313, 432, 4920, 0.57, 0, 67.7
1
'GS N Leg App - FreeFlow','AG',-23,-5,-113,384,4920,8.4,0.0,67.7
1
'GS N Leg Dep - FreeFlow','AG',23,5,-67,395,4920,.57,0.0,67.7
1
'GS S Leg App - FreeFlow','AG',23,5,113,-384,4920,8.4,0.0,67.7
1
'GS S Leg Dep - FreeFlow','AG',-23,-5,67,-395,4920,0.57,0.0,67.7
1
'GS E Leg App - FreeFlow','AG',0,30,1200,30,12000,1.36,0.0,79.7
1
'GS E Leg Dep - FreeFlow','AG',0,-30,1200,-30,12000,2.45,0.0,79.7
1
'GS W Leg App - FreeFlow','AG',0,-30,-1200,-30,12000,2.45,0.0,79.7
1
'GS W Leg Dep - FreeFlow','AG',0,30,-1200,30,12000,1.36,0.0,79.7
2
'SS N Leg App - Queue', 'AG', 67, -395, -17.23, -5, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'SS S Leg App - FreeFlow', 'AG', 113, -432, 113, -1600, 4920, 0.57, 0, 67.7
2
'SS S Leg App - Queue', 'AG', 113, -432, 113, -1600, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'SS S Leg Dep - FreeFlow', 'AG', 67, -432, 67, -1600, 4920, 8.4, 0, 67.7
1
'SS E Leg App - FreeFlow', 'AG', 113, -384, 1200, -384, 4920, 0.57, 0, 67.7
2
'SS E Leg App - Queue', 'AG', 113, -384, 1200, -384, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'SS E Leg Dep - FreeFlow', 'AG', 113, -432, 1200, -432, 4920, 8.4, 0, 67.7
1
'SS W Leg App - FreeFlow', 'AG', 67, -432, -1200, -432, 4920, 8.4, 0, 67.7
2
'SS W Leg App - Queue', 'AG', 67, -432, -1200, -432, 0, 48, 4
120, 68, 3, 4920, 5.44, 1900, 1, 3
1
'SS W Leg Dep - FreeFlow', 'AG', 67, -384, -1200, -384, 4920, 0.57, 0, 67.7
1.0,0,4,1000.,0.0,'Y',10.,1,36


Sample CAL3QHC Output 
2022 Worst Case Build Scenario
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      JOB: Rte ######                                            RUN: Opening Yr 2022, Rte # - 10x10,RG1,Locals

      DATE :  7/30/16
      TIME : 12:49:21

         The MODE flag has been set to C for calculating CO averages.

       SITE & METEOROLOGICAL VARIABLES  
       -------------------------------
       VS =   0.0 CM/S       VD =   0.0 CM/S       Z0 = 108. CM
        U =  1.0 M/S         CLAS =   4  (D)     ATIM =  60. MINUTES     MIXH =  1000. M   AMB =  0.0 PPM

       LINK VARIABLES
       --------------
         LINK DESCRIPTION     *         LINK COORDINATES (FT)          *    LENGTH  BRG TYPE   VPH    EF      H   W    V/C QUEUE
                              *   X1        Y1        X2        Y2     *     (FT)  (DEG)            (G/MI)  (FT) (FT)       (VEH)
      ------------------------*----------------------------------------*----------------------------------------------------------
       1. NS N Leg App - FreeF*   -113.0     432.0    -113.0    1584.0 *    1152.   360. AG   4920.   0.6   0.0 67.7
       2. NS N Leg App - Queue*   -113.0     432.0    -113.0    5891.9 *    5460.   360. AG     33. 100.0   0.0 48.0 1.65 277.4
       3. NS N Leg Dep - FreeF*    -67.0     432.0     -67.0    1584.0 *    1152.   360. AG   4920.   8.4   0.0 67.7
       4. NS S Leg App - Queue*    -67.0     395.0    1160.7   -4925.1 *    5460.   167. AG     33. 100.0   0.0 48.0 1.65 277.4
       5. NS E Leg App - FreeF*    -67.0     432.0    1133.0     432.0 *    1200.    90. AG   4920.   0.6   0.0 67.7
       6. NS E Leg App - Queue*    -67.0     432.0    5392.9     432.0 *    5460.    90. AG     33. 100.0   0.0 48.0 1.65 277.4
       7. NS E Leg Dep - FreeF*    -67.0     384.0    1133.0     384.0 *    1200.    90. AG   4920.   8.4   0.0 67.7
       8. NS W Leg App - FreeF*   -113.0     384.0   -1313.0     384.0 *    1200.   270. AG   4920.   8.4   0.0 67.7
       9. NS W Leg App - Queue*   -113.0     384.0   -5572.9     382.6 *    5460.   270. AG     33. 100.0   0.0 48.0 1.65 277.4
      10. NS W Leg Dep - FreeF*   -113.0     432.0   -1313.0     432.0 *    1200.   270. AG   4920.   0.6   0.0 67.7
      11. GS N Leg App - FreeF*    -23.0      -5.0    -113.0     384.0 *     399.   347. AG   4920.   8.4   0.0 67.7
      12. GS N Leg Dep - FreeF*     23.0       5.0     -67.0     395.0 *     400.   347. AG   4920.   0.6   0.0 67.7
      13. GS S Leg App - FreeF*     23.0       5.0     113.0    -384.0 *     399.   167. AG   4920.   8.4   0.0 67.7
      14. GS S Leg Dep - FreeF*    -23.0      -5.0      67.0    -395.0 *     400.   167. AG   4920.   0.6   0.0 67.7
      15. GS E Leg App - FreeF*      0.0      30.0    1200.0      30.0 *    1200.    90. AG  12000.   1.4   0.0 79.7
      16. GS E Leg Dep - FreeF*      0.0     -30.0    1200.0     -30.0 *    1200.    90. AG  12000.   2.5   0.0 79.7
      17. GS W Leg App - FreeF*      0.0     -30.0   -1200.0     -30.0 *    1200.   270. AG  12000.   2.5   0.0 79.7
      18. GS W Leg Dep - FreeF*      0.0      30.0   -1200.0      30.0 *    1200.   270. AG  12000.   1.4   0.0 79.7
      19. SS N Leg App - Queue*     67.0    -395.0   -1085.6    4941.8 *    5460.   348. AG     33. 100.0   0.0 48.0 1.65 277.4
      20. SS S Leg App - FreeF*    113.0    -432.0     113.0   -1600.0 *    1168.   180. AG   4920.   0.6   0.0 67.7
      21. SS S Leg App - Queue*    113.0    -432.0     113.0   -5891.9 *    5460.   180. AG     33. 100.0   0.0 48.0 1.65 277.4
      22. SS S Leg Dep - FreeF*     67.0    -432.0      67.0   -1600.0 *    1168.   180. AG   4920.   8.4   0.0 67.7
      23. SS E Leg App - FreeF*    113.0    -384.0    1200.0    -384.0 *    1087.    90. AG   4920.   0.6   0.0 67.7
      24. SS E Leg App - Queue*    113.0    -384.0    5572.9    -382.6 *    5460.    90. AG     33. 100.0   0.0 48.0 1.65 277.4
      25. SS E Leg Dep - FreeF*    113.0    -432.0    1200.0    -432.0 *    1087.    90. AG   4920.   8.4   0.0 67.7
      26. SS W Leg App - FreeF*     67.0    -432.0   -1200.0    -432.0 *    1267.   270. AG   4920.   8.4   0.0 67.7
      27. SS W Leg App - Queue*     67.0    -432.0   -5392.9    -432.0 *    5460.   270. AG     33. 100.0   0.0 48.0 1.65 277.4
      28. SS W Leg Dep - FreeF*     67.0    -384.0   -1200.0    -384.0 *    1267.   270. AG   4920.   0.6   0.0 67.7
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      JOB: Rte ######                                            RUN: Opening Yr 2022, Rte # - 10x10,RG1,Locals

      DATE :  7/30/16
      TIME : 12:49:21

       ADDITIONAL QUEUE LINK PARAMETERS
       --------------------------------
         LINK DESCRIPTION     *    CYCLE    RED     CLEARANCE  APPROACH  SATURATION   IDLE   SIGNAL   ARRIVAL
                              *    LENGTH   TIME    LOST TIME    VOL     FLOW RATE   EM FAC   TYPE     RATE
                              *     (SEC)   (SEC)    (SEC)      (VPH)      (VPH)    (gm/hr)
      ------------------------*--------------------------------------------------------------------------------
       2. NS N Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
       4. NS S Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
       6. NS E Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
       9. NS W Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
      19. SS N Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
      21. SS S Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
      24. SS E Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3
      27. SS W Leg App - Queue*     120       68       3.0      4920       1900       5.44      1        3

       RECEPTOR LOCATIONS
       ------------------
                              *           COORDINATES (FT)          *
         RECEPTOR             *      X          Y          Z        *
     -------------------------*-------------------------------------*
      1. NS N Leg E Side-Corn *       -32.0      466.0        5.9   *
      2. NS N Leg E Side - 25 *       -32.0      538.0        5.9   *
      3. NS N Leg E Side - 50 *       -32.0      620.0        5.9   *
      4. NS N Leg W Side-Corn *      -148.0      466.0        5.9   *
      5. NS N Leg W Side - 25 *      -148.0      538.0        5.9   *
      6. NS N Leg W Side - 50 *      -148.0      620.0        5.9   *
      7. NS S Leg E Side-Corn *       -17.1      350.0        5.9   *
      8. NS S Leg E Side - 25 *        -0.9      279.8        5.9   *
      9. NS S Leg W Side-Corn *      -136.1      350.0        5.9   *
     10. NS S Leg W Side - 25 *      -119.9      279.8        5.9   *
     11. NS E Leg N Side - 25 *        40.0      466.0        5.9   *
     12. NS E Leg N Side - 50 *       122.0      466.0        5.9   *
     13. NS W Leg N Side - 25 *      -220.0      466.0        5.9   *
     14. NS W Leg N Side - 50 *      -302.0      466.0        5.9   *
     15. NS E Leg S Side - 25 *        54.9      350.0        5.9   *
     16. NS E Leg S Side - 50 *       137.0      350.0        5.9   *
     17. NS W Leg S Side - 25 *      -208.2      350.0        5.9   *
     18. NS W Leg S Side - 50 *      -290.2      350.0        5.9   *
     19. N Leg, E Side-Corner *        41.1       80.0        5.9   *
     20. N Leg, E Side - 25 m *        27.1      140.4        5.9   *
     21. N Leg, E Side - 50 m *         8.7      220.4        5.9   *
     22. N Leg, W Side-Corner *       -78.0       80.0        5.9   *
     23. N Leg, W Side - 25 m *       -91.9      140.4        5.9   *
     24. N Leg, W Side - 50 m *      -110.4      220.4        5.9   *
     25. S Leg, E Side-Corner *        78.0      -80.0        5.9   *
     26. S Leg, E Side - 25 m *        91.9     -140.4        5.9   *
     27. S Leg, E Side - 50 m *       110.4     -220.4        5.9   *
     28. S Leg, W Side-Corner *       -41.1      -80.0        5.9   *
     29. S Leg, W Side - 25 m *       -27.1     -140.4        5.9   *
     30. S Leg, W Side - 50 m *        -8.7     -220.4        5.9   *
     31. E Leg, N Side - 25 m *       113.1       80.0        5.9   *
     32. E Leg, N Side - 50 m *       195.1       80.0        5.9   *
     33. E Leg, N Side-Midblk *       631.1       80.0        5.9   *
     34. W Leg, N Side - 25 m *      -150.0       80.0        5.9   *
     35. W Leg, N Side - 50 m *      -232.0       80.0        5.9   *
     36. W Leg, N Side-Midblk *      -668.0       80.0        5.9   *
     37. E Leg, S Side - 25 m *       150.0      -80.0        5.9   *
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      DATE :  7/30/16
      TIME : 12:49:21


       RECEPTOR LOCATIONS
       ------------------
                              *           COORDINATES (FT)          *
         RECEPTOR             *      X          Y          Z        *
     -------------------------*-------------------------------------*
     38. E Leg, S Side - 50 m *       232.0      -80.0        5.9   *
     39. E Leg, S Side-Midblk *       668.0      -80.0        5.9   *
     40. W Leg, S Side - 25 m *      -113.1      -80.0        5.9   *
     41. W Leg, S Side - 50 m *      -195.1      -80.0        5.9   *
     42. W Leg, S Side-Midblk *      -631.1      -80.0        5.9   *
     43. SS N Leg E Side-Corn *       136.1     -350.0        5.9   *
     44. SS N Leg E Side - 25 *       119.9     -279.8        5.9   *
     45. SS N Leg W Side-Corn *        17.1     -350.0        5.9   *
     46. SS N Leg W Side - 25 *         0.9     -279.8        5.9   *
     47. SS S Leg E Side-Corn *       148.0     -466.0        5.9   *
     48. SS S Leg E Side - 25 *       148.0     -538.0        5.9   *
     49. SS S Leg E Side - 50 *       148.0     -620.0        5.9   *
     50. SS S Leg W Side-Corn *        32.0     -466.0        5.9   *
     51. SS S Leg W Side - 25 *        32.0     -538.0        5.9   *
     52. SS S Leg W Side - 50 *        32.0     -620.0        5.9   *
     53. SS E Leg N Side - 25 *       208.2     -350.0        5.9   *
     54. SS E Leg N Side - 50 *       290.2     -350.0        5.9   *
     55. SS W Leg N Side - 25 *       -54.9     -350.0        5.9   *
     56. SS W Leg N Side - 50 *      -137.0     -350.0        5.9   *
     57. SS E Leg S Side - 25 *       220.0     -466.0        5.9   *
     58. SS E Leg S Side - 50 *       302.0     -466.0        5.9   *
     59. SS W Leg S Side - 25 *       -40.0     -466.0        5.9   *
     60. SS W Leg S Side - 50 *      -122.0     -466.0        5.9   *
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      JOB: Rte ######                                            RUN: Opening Yr 2022, Rte # - 10x10,RG1,Locals

       MODEL RESULTS
       -------------

       REMARKS : In search of the angle corresponding to
                 the maximum concentration, only the first
                 angle, of the angles with same maximum
                 concentrations, is indicated as maximum.

 WIND ANGLE RANGE:  10.-360.

 WIND  * CONCENTRATION 
 ANGLE *      (PPM)
 (DEGR)*  REC1  REC2  REC3  REC4  REC5  REC6  REC7  REC8  REC9 REC10 REC11 REC12 REC13 REC14 REC15 REC16 REC17 REC18 REC19 REC20
 ------*------------------------------------------------------------------------------------------------------------------------
  10.  *   0.9   0.9   0.9   1.4   1.4   1.3   1.8   0.8   3.2   2.9   0.1   0.0   0.7   0.2   1.5   1.4   2.2   1.7   0.4   0.5
  20.  *   0.3   0.3   0.3   1.3   1.4   1.3   1.5   0.7   3.1   2.5   0.0   0.0   0.9   0.4   1.3   1.3   2.2   1.7   0.3   0.3
  30.  *   0.2   0.2   0.2   1.2   1.2   1.2   1.4   0.7   2.5   2.2   0.0   0.0   0.9   0.4   1.4   1.4   2.2   1.8   0.3   0.4
  40.  *   0.1   0.1   0.1   1.2   1.2   1.2   1.5   0.7   2.2   2.2   0.0   0.0   0.8   0.4   1.5   1.5   1.9   1.9   0.3   0.4
  50.  *   0.1   0.1   0.1   1.1   1.1   1.1   1.7   0.7   2.3   2.2   0.0   0.0   0.5   0.4   1.7   1.7   2.1   2.1   0.3   0.4
  60.  *   0.1   0.1   0.1   1.1   1.1   1.1   1.9   0.8   2.6   2.3   0.0   0.0   0.5   0.4   1.9   1.9   2.2   2.1   0.3   0.4
  70.  *   0.0   0.0   0.0   1.1   1.1   1.1   2.2   0.8   2.9   2.3   0.0   0.0   0.5   0.3   2.2   2.2   2.3   2.3   0.4   0.4
  80.  *   0.4   0.0   0.0   1.2   1.1   1.1   2.4   0.8   3.5   2.3   0.3   0.3   0.7   0.5   2.4   2.4   2.8   2.7   0.4   0.2
  90.  *   0.7   0.2   0.1   1.8   1.3   1.2   2.0   0.4   3.2   1.9   0.7   0.7   1.2   1.1   1.9   1.9   2.4   2.2   0.8   0.3
 100.  *   1.3   0.6   0.2   2.0   1.6   1.4   1.1   0.3   2.4   1.8   1.3   1.3   1.4   1.4   1.0   0.9   1.8   1.6   1.2   0.6
 110.  *   1.4   0.9   0.4   2.0   2.1   1.5   0.7   0.4   2.1   2.0   1.4   1.4   1.3   1.4   0.6   0.6   1.3   1.1   1.3   0.8
 120.  *   1.4   1.1   0.7   1.7   2.0   1.7   0.6   0.5   2.1   2.3   1.3   1.3   1.5   1.7   0.6   0.5   1.2   1.1   1.4   0.9
 130.  *   1.5   1.2   0.8   1.6   1.9   1.8   0.5   0.6   2.3   2.5   1.5   1.5   1.8   1.8   0.5   0.5   1.4   1.1   1.2   0.9
 140.  *   1.4   1.0   0.8   1.7   1.8   1.8   0.6   0.6   2.7   2.7   1.4   1.4   2.2   1.9   0.6   0.5   1.6   1.1   1.2   0.9
 150.  *   1.4   0.9   0.8   2.1   1.9   1.9   0.7   0.6   3.0   3.1   1.4   1.4   2.4   2.0   0.6   0.6   1.7   1.0   1.3   0.9
 160.  *   1.8   1.1   0.9   2.6   2.0   2.1   0.9   0.8   3.0   3.1   1.5   1.4   2.3   1.7   0.5   0.5   1.2   0.7   1.9   1.4
 170.  *   2.2   1.9   1.7   2.6   2.2   2.2   1.3   1.5   2.4   2.4   1.6   1.5   1.7   1.5   0.9   0.6   0.8   0.6   2.5   1.9
 180.  *   2.9   2.7   2.5   1.9   1.6   1.5   1.6   1.7   1.3   1.4   2.1   1.8   1.5   1.5   1.1   0.8   0.6   0.6   2.8   2.2
 190.  *   2.8   2.6   2.7   1.5   1.1   0.9   1.7   1.7   0.9   0.9   1.9   1.8   1.3   1.3   1.2   1.0   0.5   0.5   2.6   2.1
 200.  *   2.5   2.4   2.6   1.4   0.8   0.8   1.6   1.6   0.7   0.7   1.8   1.7   1.4   1.4   1.1   0.9   0.5   0.5   2.1   1.9
 210.  *   2.3   2.5   2.3   1.4   0.8   0.8   1.7   1.6   0.8   0.7   1.9   1.6   1.4   1.4   1.2   1.0   0.6   0.6   1.8   1.7
 220.  *   2.2   2.4   2.4   1.4   0.9   0.8   1.7   1.7   0.6   0.7   1.8   1.8   1.4   1.4   1.1   1.0   0.5   0.5   2.1   1.9
 230.  *   2.4   2.1   2.2   1.5   0.9   0.7   1.6   1.7   0.6   0.6   1.7   1.7   1.5   1.4   1.0   0.9   0.5   0.5   2.1   2.0
 240.  *   2.2   2.2   2.0   1.3   0.9   0.6   1.5   1.5   0.6   0.6   1.5   1.8   1.3   1.3   1.0   1.0   0.5   0.5   2.4   1.9
 250.  *   2.6   2.1   1.7   1.4   0.7   0.5   1.4   1.4   0.5   0.3   1.7   1.6   1.2   1.2   1.1   1.1   0.5   0.5   2.3   1.8
 260.  *   2.4   2.0   1.7   1.2   0.6   0.3   2.0   1.3   1.0   0.3   1.7   1.5   1.2   1.2   1.6   1.4   1.0   1.0   2.3   1.7
 270.  *   2.3   1.7   1.6   0.7   0.2   0.2   2.7   1.4   2.0   0.4   1.4   1.2   0.7   0.7   2.2   2.3   2.0   1.9   1.8   1.3
 280.  *   1.7   1.4   1.4   0.3   0.0   0.1   3.0   1.8   2.5   0.9   0.8   0.6   0.2   0.2   2.5   2.6   2.5   2.5   1.6   1.4
 290.  *   1.5   1.3   1.3   0.0   0.0   0.1   2.5   2.0   2.2   1.0   0.6   0.4   0.0   0.0   2.0   2.3   2.2   2.2   1.4   1.5
 300.  *   1.5   1.5   1.4   0.0   0.0   0.1   1.8   1.6   1.9   1.1   0.6   0.4   0.0   0.0   1.8   2.1   1.9   1.9   1.5   1.5
 310.  *   1.6   1.6   1.5   0.0   0.0   0.1   1.7   1.3   1.7   1.0   0.7   0.5   0.0   0.0   1.8   2.1   1.7   1.7   1.5   1.5
 320.  *   1.8   1.8   1.8   0.0   0.1   0.1   1.7   1.1   1.6   0.9   0.7   0.5   0.0   0.0   2.1   1.9   1.5   1.5   1.4   1.4
 330.  *   2.0   2.0   2.0   0.0   0.1   0.2   2.0   1.2   1.6   1.1   0.8   0.5   0.0   0.0   2.2   1.9   1.4   1.4   1.4   1.3
 340.  *   2.3   2.3   2.3   0.1   0.2   0.3   2.5   1.4   1.9   1.5   0.8   0.5   0.0   0.0   2.1   1.8   1.3   1.3   1.2   1.3
 350.  *   2.4   2.4   2.4   0.6   0.6   0.6   2.8   1.7   2.4   2.1   0.8   0.3   0.1   0.0   2.0   1.7   1.5   1.4   1.1   1.3
 360.  *   1.9   1.9   1.9   0.9   0.9   0.9   2.5   1.3   3.0   2.8   0.4   0.1   0.3   0.1   1.8   1.6   1.9   1.6   0.6   0.7
 ------*------------------------------------------------------------------------------------------------------------------------
 MAX   *   2.9   2.7   2.7   2.6   2.2   2.2   3.0   2.0   3.5   3.1   2.1   1.8   2.4   2.0   2.5   2.6   2.8   2.7   2.8   2.2
 DEGR. *  180   180   190   160   170   170   280   290    80   150   180   180   150   150   280   280    80    80   180   180
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      JOB: Rte ######                                            RUN: Opening Yr 2022, Rte # - 10x10,RG1,Locals

       MODEL RESULTS
       -------------

       REMARKS : In search of the angle corresponding to
                 the maximum concentration, only the first
                 angle, of the angles with same maximum
                 concentrations, is indicated as maximum.

 WIND ANGLE RANGE:  10.-360.

 WIND  * CONCENTRATION 
 ANGLE *      (PPM)
 (DEGR)* REC21 REC22 REC23 REC24 REC25 REC26 REC27 REC28 REC29 REC30 REC31 REC32 REC33 REC34 REC35 REC36 REC37 REC38 REC39 REC40
 ------*------------------------------------------------------------------------------------------------------------------------
  10.  *   0.7   2.7   2.5   2.7   1.5   1.1   0.8   2.7   2.1   1.8   0.3   0.3   0.3   1.3   0.8   0.3   1.2   1.2   1.2   2.2
  20.  *   0.5   2.3   2.4   2.3   1.3   1.0   0.7   2.2   1.8   1.8   0.3   0.3   0.3   1.3   0.9   0.4   1.2   1.2   1.2   2.1
  30.  *   0.5   2.0   2.1   2.2   1.4   1.0   0.7   2.1   1.9   1.7   0.3   0.3   0.3   1.2   0.9   0.5   1.3   1.3   1.3   1.8
  40.  *   0.5   1.9   2.0   2.1   1.4   1.0   0.8   2.2   1.9   1.8   0.3   0.3   0.3   0.9   0.8   0.5   1.3   1.3   1.3   1.8
  50.  *   0.5   1.8   1.9   2.0   1.5   1.0   0.9   2.4   2.0   1.9   0.3   0.3   0.3   1.0   0.7   0.5   1.4   1.4   1.3   1.8
  60.  *   0.6   1.7   1.8   2.0   1.5   1.0   0.7   2.5   2.0   1.8   0.3   0.3   0.2   1.0   0.8   0.5   1.5   1.5   1.3   2.0
  70.  *   0.6   1.8   1.9   2.1   1.6   0.9   0.5   2.5   1.9   1.6   0.4   0.3   0.1   0.9   0.7   0.4   1.6   1.5   1.4   2.1
  80.  *   0.4   1.9   1.7   1.9   1.5   0.7   0.3   2.6   1.8   1.5   0.4   0.4   0.1   1.1   0.9   0.8   1.5   1.5   1.3   2.1
  90.  *   0.3   2.1   1.8   1.8   0.9   0.4   0.2   2.1   1.4   1.2   0.8   0.7   0.5   1.4   1.2   1.1   0.9   0.9   0.8   1.5
 100.  *   0.3   2.6   2.0   1.8   0.4   0.2   0.3   1.5   1.4   1.4   1.2   1.2   0.9   1.9   1.8   1.6   0.4   0.4   0.3   1.0
 110.  *   0.5   2.8   2.3   2.2   0.4   0.4   0.5   1.4   1.4   1.5   1.3   1.3   1.1   2.1   1.8   1.5   0.3   0.3   0.1   0.9
 120.  *   0.6   3.1   2.7   2.3   0.4   0.5   0.6   1.4   1.5   1.6   1.4   1.4   1.1   2.3   1.7   1.5   0.3   0.3   0.1   0.8
 130.  *   0.7   3.3   2.8   2.6   0.4   0.4   0.5   1.5   1.4   1.5   1.2   1.2   1.1   2.1   1.7   1.4   0.3   0.3   0.2   0.9
 140.  *   0.7   3.4   3.1   2.7   0.5   0.5   0.6   1.4   1.4   1.3   1.2   1.2   1.2   1.9   1.6   1.4   0.3   0.3   0.3   0.7
 150.  *   0.8   3.5   3.3   3.1   0.7   0.6   0.7   1.3   1.2   1.2   1.1   1.1   1.1   1.7   1.4   1.2   0.3   0.3   0.3   0.7
 160.  *   1.1   3.1   3.0   3.0   1.3   1.3   1.1   1.2   1.2   1.2   1.1   1.1   1.1   1.5   1.4   1.2   0.3   0.3   0.3   0.7
 170.  *   1.5   2.1   2.0   2.1   2.1   2.0   2.0   0.9   1.0   1.2   1.6   1.2   1.1   1.4   1.3   1.1   0.5   0.3   0.3   0.7
 180.  *   1.9   1.6   1.4   1.4   2.8   2.8   2.9   0.6   0.7   0.9   2.1   1.5   1.1   1.2   1.2   1.1   1.1   0.5   0.3   0.5
 190.  *   1.8   1.4   1.0   0.9   2.7   2.5   2.7   0.4   0.4   0.6   2.1   1.7   1.1   1.1   1.1   1.1   1.3   0.7   0.3   0.3
 200.  *   1.8   1.2   0.9   0.7   2.3   2.4   2.3   0.3   0.3   0.4   2.0   1.7   1.2   1.1   1.1   1.1   1.3   0.8   0.4   0.3
 210.  *   1.8   1.2   0.9   0.8   2.0   2.0   2.2   0.3   0.3   0.4   1.8   1.7   1.3   1.1   1.1   1.1   1.2   0.8   0.5   0.3
 220.  *   1.8   1.3   1.0   0.8   1.9   1.9   2.0   0.3   0.3   0.4   1.7   1.6   1.4   1.2   1.2   1.2   0.9   0.8   0.5   0.3
 230.  *   1.8   1.3   1.0   0.8   1.8   1.9   1.9   0.3   0.3   0.4   1.6   1.6   1.4   1.2   1.2   1.1   1.0   0.7   0.5   0.3
 240.  *   1.7   1.4   0.8   0.6   1.7   1.8   1.9   0.3   0.4   0.5   1.8   1.7   1.5   1.4   1.3   1.1   0.9   0.7   0.5   0.3
 250.  *   1.5   1.3   0.8   0.5   1.9   1.8   2.0   0.3   0.3   0.4   1.7   1.8   1.6   1.3   1.3   1.1   1.0   0.8   0.5   0.3
 260.  *   1.4   1.2   0.6   0.2   2.0   1.8   1.8   0.4   0.3   0.3   1.6   1.7   1.6   1.2   1.2   0.9   1.0   0.9   0.8   0.4
 270.  *   1.3   0.8   0.3   0.2   2.4   1.8   1.6   0.9   0.4   0.2   1.4   1.2   1.1   0.7   0.6   0.5   1.7   1.5   1.3   0.9
 280.  *   1.6   0.5   0.2   0.4   3.0   2.1   1.8   1.5   0.7   0.4   1.0   0.9   0.7   0.4   0.4   0.1   2.4   2.1   1.9   1.5
 290.  *   1.7   0.5   0.5   0.7   3.1   2.4   2.3   1.6   0.9   0.7   0.8   0.7   0.4   0.4   0.4   0.1   2.5   2.2   1.7   1.6
 300.  *   1.6   0.4   0.5   0.7   3.3   2.8   2.5   1.5   1.0   0.8   0.9   0.7   0.5   0.3   0.3   0.3   2.5   1.9   1.7   1.5
 310.  *   1.5   0.4   0.5   0.6   3.5   2.9   2.6   1.4   0.9   0.8   0.9   0.6   0.5   0.3   0.3   0.3   2.4   1.8   1.5   1.4
 320.  *   1.4   0.5   0.6   0.7   3.4   3.1   2.9   1.3   0.9   0.7   0.8   0.6   0.5   0.3   0.3   0.3   1.9   1.7   1.5   1.3
 330.  *   1.3   0.7   0.7   0.8   3.6   3.3   3.1   1.5   1.0   0.7   0.8   0.6   0.4   0.3   0.3   0.3   1.8   1.6   1.4   1.3
 340.  *   1.2   1.4   1.3   1.2   3.1   2.9   3.2   2.0   1.5   1.1   0.9   0.7   0.4   0.3   0.3   0.3   1.7   1.5   1.3   1.2
 350.  *   1.4   2.1   2.0   2.1   2.4   2.3   2.2   2.6   2.0   1.6   0.7   0.6   0.3   0.6   0.3   0.3   1.5   1.4   1.2   1.7
 360.  *   1.0   2.7   2.7   2.8   1.8   1.5   1.3   2.9   2.1   2.0   0.5   0.4   0.3   1.1   0.5   0.3   1.4   1.4   1.3   2.3
 ------*------------------------------------------------------------------------------------------------------------------------
 MAX   *   1.9   3.5   3.3   3.1   3.6   3.3   3.2   2.9   2.1   2.0   2.1   1.8   1.6   2.3   1.8   1.6   2.5   2.2   1.9   2.3
 DEGR. *  180   150   150   150   330   330   340   360    10   360   180   250   260   120   110   100   300   290   280   360
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      JOB: Rte ######                                            RUN: Opening Yr 2022, Rte # - 10x10,RG1,Locals

       MODEL RESULTS
       -------------

       REMARKS : In search of the angle corresponding to
                 the maximum concentration, only the first
                 angle, of the angles with same maximum
                 concentrations, is indicated as maximum.

 WIND ANGLE RANGE:  10.-360.

 WIND  * CONCENTRATION 
 ANGLE *      (PPM)
 (DEGR)* REC41 REC42 REC43 REC44 REC45 REC46 REC47 REC48 REC49 REC50 REC51 REC52 REC53 REC54 REC55 REC56 REC57 REC58 REC59 REC60
 ------*------------------------------------------------------------------------------------------------------------------------
  10.  *   1.8   1.2   0.9   1.0   1.8   1.8   2.1   1.3   1.0   3.4   2.9   2.6   0.5   0.5   1.1   1.0   1.8   1.8   2.5   2.3
  20.  *   1.8   1.3   0.7   0.7   1.6   1.6   1.8   1.1   0.9   3.1   2.7   2.5   0.5   0.5   1.1   1.0   1.7   1.7   2.3   2.1
  30.  *   1.9   1.5   0.7   0.8   1.6   1.7   1.8   1.2   0.8   2.8   2.4   2.3   0.5   0.5   1.1   1.0   1.8   1.8   2.3   2.1
  40.  *   1.7   1.5   0.6   0.7   1.6   1.7   1.9   1.2   0.9   2.7   2.4   2.4   0.5   0.4   1.0   0.9   1.9   1.9   2.3   2.3
  50.  *   1.8   1.6   0.5   0.7   1.5   1.7   2.1   1.2   0.8   2.6   2.3   2.3   0.4   0.4   0.9   0.9   2.1   2.0   2.3   2.4
  60.  *   1.9   1.7   0.4   0.6   1.4   1.5   2.2   1.1   0.7   2.8   2.3   2.0   0.3   0.3   0.9   0.8   2.2   2.1   2.3   2.5
  70.  *   2.1   1.9   0.3   0.4   1.3   1.4   2.3   1.0   0.6   3.0   2.2   1.8   0.3   0.3   0.8   0.7   2.3   2.3   2.5   2.5
  80.  *   2.1   1.9   0.4   0.1   1.3   1.3   2.4   0.9   0.4   3.2   2.2   1.7   0.4   0.4   0.8   0.6   2.4   2.4   2.7   2.6
  90.  *   1.4   1.3   0.7   0.2   1.7   1.2   1.9   0.4   0.2   3.1   1.9   1.6   0.7   0.7   1.2   1.1   1.9   1.9   2.4   2.3
 100.  *   0.8   0.7   1.3   0.6   2.0   1.6   0.9   0.2   0.1   2.2   1.5   1.4   1.3   1.2   1.5   1.3   0.9   0.9   1.4   1.3
 110.  *   0.8   0.5   1.2   0.9   1.9   1.9   0.4   0.1   0.1   1.7   1.3   1.3   1.2   1.2   1.1   1.3   0.4   0.4   0.9   0.8
 120.  *   0.7   0.4   1.1   1.0   1.3   1.6   0.2   0.1   0.1   1.5   1.4   1.4   1.1   1.1   1.0   1.4   0.2   0.2   0.7   0.6
 130.  *   0.5   0.5   1.1   0.9   1.1   1.3   0.1   0.1   0.1   1.6   1.6   1.5   1.1   1.1   1.2   1.4   0.1   0.1   0.8   0.6
 140.  *   0.5   0.5   1.1   0.7   1.1   1.1   0.1   0.1   0.2   1.8   1.8   1.8   1.0   1.0   1.5   1.4   0.1   0.1   0.8   0.6
 150.  *   0.5   0.4   1.2   0.9   1.4   1.1   0.2   0.2   0.2   2.0   2.0   2.0   1.0   1.0   1.7   1.5   0.1   0.1   0.9   0.6
 160.  *   0.7   0.4   1.5   1.4   2.0   1.3   0.2   0.3   0.2   2.3   2.3   2.3   1.0   1.0   1.7   1.5   0.0   0.0   0.8   0.5
 170.  *   0.6   0.3   2.1   2.1   2.3   1.4   0.7   0.7   0.5   2.4   2.4   2.4   1.1   0.9   1.5   1.2   0.1   0.0   0.8   0.3
 180.  *   0.4   0.3   2.6   2.8   1.9   1.2   0.9   0.9   0.8   1.9   1.9   1.9   1.4   1.1   1.3   1.1   0.3   0.1   0.4   0.1
 190.  *   0.3   0.3   2.7   2.9   1.3   0.7   1.4   1.3   1.2   0.9   0.9   0.9   1.7   1.2   1.0   0.9   0.7   0.2   0.1   0.0
 200.  *   0.3   0.3   2.6   2.4   1.1   0.5   1.4   1.3   1.2   0.3   0.3   0.3   1.8   1.4   1.0   1.0   0.9   0.4   0.0   0.0
 210.  *   0.3   0.3   2.1   2.2   1.0   0.5   1.2   1.2   1.1   0.3   0.2   0.2   1.7   1.4   1.0   1.0   1.0   0.5   0.1   0.1
 220.  *   0.3   0.3   1.8   2.2   1.0   0.5   1.2   1.2   1.1   0.2   0.1   0.1   1.4   1.4   1.0   1.0   0.9   0.5   0.1   0.1
 230.  *   0.3   0.2   2.0   2.1   1.1   0.6   1.1   1.1   1.0   0.2   0.1   0.1   1.4   1.5   1.1   1.1   0.7   0.5   0.1   0.1
 240.  *   0.3   0.1   2.2   2.2   1.1   0.7   1.1   1.1   1.0   0.3   0.1   0.1   1.4   1.3   1.1   1.1   0.7   0.6   0.2   0.2
 250.  *   0.3   0.1   2.5   2.2   1.2   0.7   1.4   1.1   1.0   0.4   0.0   0.0   1.5   1.4   1.2   1.2   0.9   0.7   0.4   0.4
 260.  *   0.4   0.3   2.6   2.2   1.2   0.6   1.8   1.2   1.0   1.1   0.1   0.0   1.8   1.5   1.2   1.2   1.4   1.2   1.0   1.0
 270.  *   0.9   0.8   2.3   1.8   0.7   0.2   2.7   1.5   1.2   2.0   0.4   0.1   1.5   1.0   0.7   0.7   2.3   2.2   2.0   2.0
 280.  *   1.5   1.3   1.8   1.8   0.4   0.3   2.9   1.8   1.3   2.6   0.8   0.4   1.0   0.7   0.4   0.3   2.7   2.6   2.5   2.5
 290.  *   1.6   1.4   1.9   2.1   0.3   0.5   2.6   2.1   1.6   2.3   1.0   0.6   1.1   0.8   0.3   0.3   2.3   2.5   2.3   2.3
 300.  *   1.5   1.4   2.1   2.2   0.4   0.5   2.3   2.3   1.7   2.3   1.3   0.8   1.2   0.9   0.4   0.4   2.3   2.4   2.3   2.2
 310.  *   1.4   1.4   2.4   2.5   0.5   0.6   1.9   2.0   1.8   2.1   1.3   0.9   1.3   1.1   0.5   0.4   2.4   2.5   2.1   2.1
 320.  *   1.3   1.3   2.7   2.7   0.5   0.6   2.4   1.9   1.7   2.0   1.2   0.9   1.6   0.9   0.5   0.5   2.6   2.5   1.9   1.9
 330.  *   1.3   1.3   3.2   3.2   0.6   0.7   2.6   1.8   1.8   1.8   1.2   0.8   1.7   1.0   0.5   0.5   2.9   2.4   1.8   1.8
 340.  *   1.2   1.2   3.3   3.4   0.9   0.8   3.2   2.3   2.1   2.2   1.2   1.0   1.3   0.7   0.6   0.5   2.7   2.1   1.8   1.7
 350.  *   1.3   1.2   2.5   2.5   1.5   1.6   3.2   2.5   2.0   2.9   2.0   1.8   0.8   0.7   0.9   0.6   2.3   2.0   2.1   2.0
 360.  *   1.7   1.3   1.4   1.5   1.6   1.7   2.5   1.8   1.5   3.4   2.7   2.5   0.6   0.6   1.2   0.8   2.0   2.0   2.6   2.4
 ------*------------------------------------------------------------------------------------------------------------------------
 MAX   *   2.1   1.9   3.3   3.4   2.3   1.9   3.2   2.5   2.1   3.4   2.9   2.6   1.8   1.5   1.7   1.5   2.9   2.6   2.7   2.6
 DEGR. *   80    70   340   340   170   110   350   350   340    10    10    10   260   230   150   150   330   280    80    80

 THE HIGHEST CONCENTRATION OF    3.60 PPM OCCURRED AT RECEPTOR REC25.
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Sample MOVES2014b Run-Spec

2022 Opening Year Build Scenario
UPC xxxxxx Route #
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FFC Federal Functional Class MOVES 

RTypeID

MOVES Road Type

0 Off-Network 1 Off-Network

1 Rural Principal Arterial - Interstate 2 Rural Restricted Access

2 Rural Principal Arterial - Other 3 Rural Unrestricted Access

6 Rural Minor Arterial

7 Rural Major Collector

8 Rural Minor Collector

9 Rural Local System

11 Urban Principal Arterial - Interstate 4 Urban Restricted Access

12 Urban Principal Arterial - Other 

Freeways or Expressways

14 Urban Principal Arterial - Other 5 Urban Unrestricted Access

16 Urban Minor Arterial

17 Urban Collector

19 Urban Local System
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MOVES Speed Emission Factor (g/mi)*

Road

Road Type (mph) 2022 2041 Grade (%)

All Idle 5.44 0.96  -

4 55 2.45 0.85 1.0

1.36 0.41 -1.0

5 40 8.40 3.08 7.0

0.57 0.15 -7.0

* Grams per vehicle hour for idle operation
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WORST-CASE VERSUS MODELED TRAFFIC VOLUMES

UPC xxxxx - TITLE

2040 (Design Year Build)

Ramp Intersection (E-W) with Route # (N-S) North of I-##

Leg Ratio (C3I/Mod.)

LanesVolume/lane Volumes AM PM AM PM

N.Leg App. 3 1230 3,690 1,815 1,815 2.033 2.033

N.Leg Dep. 3 1230 3,690 1,620 2,125 2.278 1.736

S.Leg App. 3 1230 3,690 1,225 1,275 3.012 2.894

S.Leg Dep. 3 1230 3,690 2,005 2,945 1.840 1.253

W.Leg App. 2 1230 2,460 0 0

W.Leg Dep. 2 1230 2,460 320 740 7.688 3.324

E.Leg App. 2 1230 2,460 905 2,720 2.718 0.904

E.Leg Dep. 2 1230 2,460 0 0

Total - - 24,600 7,890 11,620 3.118 2.117

I-## (E-W) & Route # (N-S) Interchange Mainlines

Leg Ratio (C3I/Mod.)

LanesVolume/lane Volumes AM PM AM PM

N.Leg App. 5 1230 6,150 2,005 2,945 3.067 2.088

N.Leg Dep. 5 1230 6,150 1,225 1,275 5.020 4.824

S.Leg App. 5 1230 6,150 1,225 1,275 5.020 4.824

S.Leg Dep. 5 1230 6,150 2,005 2,945 3.067 2.088

W.Leg App. 3 1230 3,690 4,656 2,171 0.793 1.700

W.Leg Dep. 3 1230 3,690 4,656 2,171 0.793 1.700

E.Leg App. 3 1230 3,690 1,705 4,203 2.164 0.878

E.Leg Dep. 3 1230 3,690 1,705 4,203 2.164 0.878

Total - - 39,360 19,182 21,188 2.052 1.858

Ramp Intersection with Route # South of I-##

Leg Ratio (C3I/Mod.)

LanesVolume/lane Volumes AM PM AM PM

N.Leg App. 3 1230 3,690 2,005 2,945 1.840 1.253

N.Leg Dep. 3 1230 3,690 1,225 1,275 3.012 2.894

S.Leg App. 3 1230 3,690 2,150 1,670

S.Leg Dep. 3 1230 3,690 985 2,495

W.Leg App. 2 1230 2,460 475 160 5.179 15.375

W.Leg Dep. 2 1230 2,460 0 0

E.Leg App. 2 1230 2,460 0 0

E.Leg Dep. 2 1230 2,460 2,420 1,005 1.017 2.448

Total - - 24,600 9,260 9,550 2.657 2.576

C3I Worst Case Volumes Modeled Demand

C3I Worst Case Volumes Modeled Demand

C3I Worst Case Volumes Modeled Demand


Microsoft_Excel_Worksheet1.xlsx
Traffic

		WORST-CASE VERSUS MODELED TRAFFIC VOLUMES

		UPC xxxxx - TITLE





		2014 (Opening Year Build Scenario)



		Ramp Intersection (E-W) with Route 15 (N-S) North of I-66



		Leg		C3I Worst Case Volumes								Modeled Demand						Ratio (C3I/Mod.)						Approach Demand		AM				PM

				Lanes		Volume/lane		Volumes				AM		PM				AM		PM				NB		??6,6,0??				??7,7,5??

																								SB		??1,3,2,5??				??1,3,4,0??

		N.Leg App.		3		1037		??3,1,1,1??				??1,3,2,5??		??1,3,4,0??				2.348		2.322				WB		??5,8,0??				??1,7,1,0??

		N.Leg Dep.		3		1037		??3,1,1,1??				??9,5,5??		??1,3,9,0??				3.258		2.238				EB		??0??				??0??

		S.Leg App.		3		1037		??3,1,1,1??				??6,6,0??		??7,7,5??				4.714		4.014				Total		??2,5,6,5??				??3,8,2,5??

		S.Leg Dep.		3		1037		??3,1,1,1??				??1,4,9,0??		??2,1,3,0??				2.088		1.461

		W.Leg App.		2		1037		??2,0,7,4??				??0??		??0??

		W.Leg Dep.		2		1037		??2,0,7,4??				??1,2,0??		??3,0,5??				17.283		6.800

		E.Leg App.		2		1037		??2,0,7,4??				??5,8,0??		??1,7,1,0??				3.576		1.213

		E.Leg Dep.		2		1037		??2,0,7,4??				??0??		??0??



		Total		-		-		???2,0,7,4,0??				???5,1,3,0??		???7,6,5,0??				4.043		2.711

		Check: 50% = approach:										2565		3825

												ok		ok



		I-66 (E-W) & Route 15 (N-S) Interchange Mainlines



		Leg		C3I Worst Case Volumes								Modeled Demand						Ratio (C3I/Mod.)						Approach Demand		AM				PM

				Lanes		Volume/lane		Volumes				AM		PM				AM		PM				NB		??6,6,0??				??7,7,5??

																								SB		??1,4,9,0??				??2,1,3,0??

		N.Leg App.		5		1037		??5,1,8,5??				??1,4,9,0??		??2,1,3,0??				3.480		2.434				WB		??1,1,0,1??				??2,7,1,5??		 7:00 ENTRADA Table (Approx. as no exact match in ENTRADA for turning movements)

		N.Leg Dep.		5		1037		??5,1,8,5??				??6,6,0??		??7,7,5??				7.856		6.690				EB		??3,0,7,1??				??1,4,3,2??		17:00 ENTRADA Table (Approx. as no exact match in ENTRADA for turning movements)

		S.Leg App.		5		1037		??5,1,8,5??				??6,6,0??		??7,7,5??				7.856		6.690				Total		??6,3,2,2??				??7,0,5,2??

		S.Leg Dep.		5		1037		??5,1,8,5??				??1,4,9,0??		??2,1,3,0??				3.480		2.434

		W.Leg App.		3		1037		??3,1,1,1??				??3,0,7,1??		??1,4,3,2??				1.013		2.172

		W.Leg Dep.		3		1037		??3,1,1,1??				??3,0,7,1??		??1,4,3,2??				1.013		2.172

		E.Leg App.		3		1037		??3,1,1,1??				??1,1,0,1??		??2,7,1,5??				2.826		1.146

		E.Leg Dep.		3		1037		??3,1,1,1??				??1,1,0,1??		??2,7,1,5??				2.826		1.146



		Total		-		-		???3,3,1,8,4??				???1,2,6,4,4??		???1,4,1,0,4??				2.624		2.353

		Check: 50% = approach:										6322		7052

												ok		ok



		Ramp Intersection with Route 15 South of I-66



		Leg		C3I Worst Case Volumes								Modeled Demand						Ratio (C3I/Mod.)						Approach Demand		AM				PM

				Lanes		Volume/lane		Volumes				AM		PM				AM		PM				NB		??1,3,6,5??				??1,0,8,0??

																								SB		??1,4,9,0??				??2,1,3,0??

		N.Leg App.		3		1037		??3,1,1,1??				??1,4,9,0??		??2,1,3,0??				2.088		1.461				WB		??0??				??0??

		N.Leg Dep.		3		1037		??3,1,1,1??				??6,6,0??		??7,7,5??				4.714		4.014				EB		??1,9,0??				??6,5??

		S.Leg App.		3		1037		??3,1,1,1??				??1,3,6,5??		??1,0,8,0??										Total		??3,0,4,5??				??3,2,7,5??

		S.Leg Dep.		3		1037		??3,1,1,1??				??7,4,0??		??1,7,8,5??

		W.Leg App.		2		1037		??2,0,7,4??				??1,9,0??		??6,5??				10.916		31.908

		W.Leg Dep.		2		1037		??2,0,7,4??				??0??		??0??

		E.Leg App.		2		1037		??2,0,7,4??				??0??		??0??

		E.Leg Dep.		2		1037		??2,0,7,4??				??1,6,4,5??		??7,1,5??				1.261		2.901



		Total		-		-		???2,0,7,4,0??				???6,0,9,0??		???6,5,5,0??				3.406		3.166

		Check: 50% = approach:										3045		3275

												ok		ok



		2040 (Design Year Build)

		Ramp Intersection (E-W) with Route # (N-S) North of I-##



		Leg		C3I Worst Case Volumes								Modeled Demand						Ratio (C3I/Mod.)						Approach Demand		AM				PM

				Lanes		Volume/lane		Volumes				AM		PM				AM		PM				NB		??1,2,2,5??				??1,2,7,5??

																								SB		??1,8,1,5??				??1,8,1,5??

		N.Leg App.		3		1230		??3,6,9,0??				??1,8,1,5??		??1,8,1,5??				2.033		2.033				WB		??9,0,5??				??2,7,2,0??

		N.Leg Dep.		3		1230		??3,6,9,0??				??1,6,2,0??		??2,1,2,5??				2.278		1.736				EB		??0??				??0??

		S.Leg App.		3		1230		??3,6,9,0??				??1,2,2,5??		??1,2,7,5??				3.012		2.894				Total		??3,9,4,5??				??5,8,1,0??

		S.Leg Dep.		3		1230		??3,6,9,0??				??2,0,0,5??		??2,9,4,5??				1.840		1.253

		W.Leg App.		2		1230		??2,4,6,0??				??0??		??0??

		W.Leg Dep.		2		1230		??2,4,6,0??				??3,2,0??		??7,4,0??				7.688		3.324

		E.Leg App.		2		1230		??2,4,6,0??				??9,0,5??		??2,7,2,0??				2.718		0.904

		E.Leg Dep.		2		1230		??2,4,6,0??				??0??		??0??



		Total		-		-		???2,4,6,0,0??				???7,8,9,0??		???1,1,6,2,0??				3.118		2.117

		Check: 50% = approach:										3945		5810

												ok		ok

		I-## (E-W) & Route # (N-S) Interchange Mainlines



		Leg		C3I Worst Case Volumes								Modeled Demand						Ratio (C3I/Mod.)						Approach Demand		AM				PM

				Lanes		Volume/lane		Volumes				AM		PM				AM		PM				NB		??1,2,2,5??				??1,2,7,5??

																								SB		??2,0,0,5??				??2,9,4,5??

		N.Leg App.		5		1230		??6,1,5,0??				??2,0,0,5??		??2,9,4,5??				3.067		2.088				WB		??1,7,0,5??				??4,2,0,3??

		N.Leg Dep.		5		1230		??6,1,5,0??				??1,2,2,5??		??1,2,7,5??				5.020		4.824				EB		??4,6,5,6??				??2,1,7,1??

		S.Leg App.		5		1230		??6,1,5,0??				??1,2,2,5??		??1,2,7,5??				5.020		4.824				Total		??9,5,9,1??				??1,0,5,9,4??

		S.Leg Dep.		5		1230		??6,1,5,0??				??2,0,0,5??		??2,9,4,5??				3.067		2.088

		W.Leg App.		3		1230		??3,6,9,0??				??4,6,5,6??		??2,1,7,1??				0.793		1.700

		W.Leg Dep.		3		1230		??3,6,9,0??				??4,6,5,6??		??2,1,7,1??				0.793		1.700

		E.Leg App.		3		1230		??3,6,9,0??				??1,7,0,5??		??4,2,0,3??				2.164		0.878

		E.Leg Dep.		3		1230		??3,6,9,0??				??1,7,0,5??		??4,2,0,3??				2.164		0.878



		Total		-		-		???3,9,3,6,0??				???1,9,1,8,2??		???2,1,1,8,8??				2.052		1.858

		Check: 50% = approach:										9591		10594

												ok		ok

		Ramp Intersection with Route # South of I-##



		Leg		C3I Worst Case Volumes								Modeled Demand						Ratio (C3I/Mod.)						Approach Demand		AM				PM

				Lanes		Volume/lane		Volumes				AM		PM				AM		PM				NB		??2,1,5,0??				??1,6,7,0??

																								SB		??2,0,0,5??				??2,9,4,5??

		N.Leg App.		3		1230		??3,6,9,0??				??2,0,0,5??		??2,9,4,5??				1.840		1.253				WB		??0??				??0??

		N.Leg Dep.		3		1230		??3,6,9,0??				??1,2,2,5??		??1,2,7,5??				3.012		2.894				EB		??4,7,5??				??1,6,0??

		S.Leg App.		3		1230		??3,6,9,0??				??2,1,5,0??		??1,6,7,0??										Total		??4,6,3,0??				??4,7,7,5??

		S.Leg Dep.		3		1230		??3,6,9,0??				??9,8,5??		??2,4,9,5??

		W.Leg App.		2		1230		??2,4,6,0??				??4,7,5??		??1,6,0??				5.179		15.375

		W.Leg Dep.		2		1230		??2,4,6,0??				??0??		??0??

		E.Leg App.		2		1230		??2,4,6,0??				??0??		??0??

		E.Leg Dep.		2		1230		??2,4,6,0??				??2,4,2,0??		??1,0,0,5??				1.017		2.448



		Total		-		-		???2,4,6,0,0??				???9,2,6,0??		???9,5,5,0??				2.657		2.576

		Check: 50% = approach:										4630		4775

												ok		ok






