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1.0 INTRODUCTION 

1.1. ARTSD SCOPE AND GOALS 

This Air Resources Technical Support Document (ARTSD) explains the data and methodologies 

used to analyze potential air quality impacts resulting from future oil and gas development in the 

Colorado Bureau of Land Management (BLM) Colorado River Valley Field Office (CRVFO) 

Planning Area, formerly known as the Glenwood Springs Field Office (GSFO).  This effort 

included atmospheric dispersion and photochemical grid modeling to predict concentrations of 

specific pollutants in and around the CRVFO.  Specifically included in this document are 

descriptions of the following air resource and climate change assessment methods. 

 

 Data-gathering efforts 

 Activity and equipment assumptions 

 Emissions inventory development and processing 

 Meteorological data processing 

 Photochemical grid model performance evaluation 

 Air quality modeling methods and input data 

 Climate change analysis 

 

The goals of the study are to predict air quality impacts using appropriate models, explain the 

modeling results, and identify any significant differences among potential oil and gas 

development Alternatives.  Additionally, GHG emissions are estimated and compared to existing 

GHG inventories. 

1.2. STUDY AREA 

For air quality assessment purposes, the study area focuses on the CRVFO and, when analyzing 

regional air quality impacts, extends beyond the CRVFO.  The CRVFO is located in west-central 

Colorado and incorporates all or part of Eagle, Garfield, Mesa, Pitkin, and Routt Counties and 

includes the cities of Glenwood Springs, Rifle, Aspen, and Vail in addition to several other 

communities along the Colorado River and major tributaries (see Map 1-1).  The CRVFO 

boundary includes approximately 568,055 acres of BLM-administered lands within a total area of 

2,906,461 acres of Federal, State, and private land.  The CRVFO includes a large portion of the 

White River National Forest. 

This air quality assessment focuses on emissions and potential air quality impacts due to oil and 

gas Reasonably Foreseeable Development (RFD) within the CRVFO.  According to the 

Reasonable Foreseeable Development:  Oil and Gas in the Glenwood Springs Field Office 

(GSFO) Administrative Boundary (BLM 2008), up to 5,768 new natural gas wells on 824 well 

pads could be drilled on BLM mineral estate during the next 20 years.  Development of up to 9 

additional natural gas compressor stations may also occur in the CRVFO.  These numbers reflect 

the maximum level of development that can be expected during this time period.  Emissions 

from non-oil and gas activities in the CRVFO are not included in this analysis. 

 

As shown in Map 1-1, the CRVFO includes lands owned by the federal government, the state of 

Colorado, local governments, and private parties.  With regard to federally owned lands, the 
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BLM, Department of Energy Bureau of Reclamation, and the U.S. Department of Agriculture 

(USDA) Forest Service (USFS) manage lands within the CRVFO.  Land management affects 

whether emission control actions are applied.  BLM management actions apply to oil and gas 

emission sources only on BLM-managed land.  For example, oil and gas facilities located on 

BLM land and oil and gas facilities withdrawing resources from BLM mineral rights would be 

subject to BLM management actions that may reduce emissions from individual sources.  In 

contrast, facilities located on private land and withdrawing resources from privately owned 

mineral resources would not be subject to BLM jurisdiction.  When analyzing air resource 

impacts from project impacts, this TSD estimates effects from BLM-managed lands only; it 

estimates air quality effects from Federal, State, and private oil and gas development when 

analyzing for cumulative effects. 

 

Table 1-1 provides the mineral ownership breakdown for high potential lands that are leased or 

are available for lease.  The percentages are based on all high potential lands within the CRVFO, 

including the Roan Plateau.  As shown in the table, only 34.3 percent of the high potential land 

involves BLM surface and mineral ownership.  The CRVFO RFD includes future development 

on all lands within the CRVFO (including development on the Roan Plateau and on USFS land), 

regardless of ownership.  BLM air quality management actions are expected to be applied to oil 

and gas facilities located on USFS land.  Regardless of the plan amendment adopted at the 

conclusion of the RMP revision process, existing surface stipulations for existing oil and gas 

leases would continue to apply to these leases.  New or additional surface stipulations developed 

in the RMP revision process would apply only to new lands leased pursuant to this RMP 

revision.  Management actions included in the RMP revision would be used to develop 

conditions of approval (COAs) that would apply to new Applications for Permits to Drill 

(APDs). 

 
Table 1-1.  CRVFO Mineral Ownership of High Potential Leased 

 and Lease-Available Areas 

Ownership 
Acreage 

Percentage 

BLM (split estate) 8.6 

BLM (surface + mineral) 25.7 

BLM Total 34.3 

USFS 30.1 

DOE 0.03 

State 0.6 

Private 35.0 

TOTAL 100.0 

Source:  Reasonable Foreseeable Development:  Oil and Gas in the Glenwood Springs Field 

Office (GSFO) Administrative Boundary (BLM 2008). 

 

In addition to emissions increases associated with CRVFO RFD, this air quality assessment 

considers emissions and potential impacts of expected growth in oil and gas development for 

nearby BLM Field Offices, including the White River Field Office (WRFO), Vernal Field Office 

(VFO), and the Little Snake Field Office (LSFO).  The assessment includes emission increases in 
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northwest Colorado and northeast Utah for most criteria pollutants.  The ozone analysis includes 

expected emission increases across the contiguous United States.  

 

Air quality impacts are assessed at numerous receptors.  Within the CRVFO high potential gas 

development area and other nearby oil and gas fields, air quality impacts are assessed at Class II 

receptors.  In addition, impacts are assessed at Federal Class I areas, which are afforded special 

protection under the Clean Air Act (CAA) in order to preserve good air quality and visibility.  

This study includes the following Class I areas, which were selected due to their close proximity 

to the CRVFO.  Map 4-1 illustrates the locations of these Class I areas. 

 

 Arches National Park (NP) 

 Eagles Nest Wilderness Area (WA) 

 Flat Tops WA 

 Maroon Bells-Snowmass WA 

 Mount Zirkel WA 

 

Sensitive Class II areas do not receive special protection under the CAA, but were designated by 

Colorado Department of Public Health and Environment Air Pollution Control Division 

(CDPHE-APCD) and include Dinosaur National Monument (NM) and Colorado NM.  For 

visibility analysis only, sensitive Class II areas also include specific scenic and/or important 

views designated by CDPHE.  Impacts to air quality and Air Quality Related Values (AQRVs) at 

sensitive Class II areas are included in the analysis for disclosure purposes only. 

1.3. RELATIONSHIP TO EXISTING PLANS AND DOCUMENTS 

Activities in the CRVFO and surrounding area are diverse and can affect a number of different 

resources, including air quality.  The most recent documents describing activities in the area are 

the Reasonable Foreseeable Development:  Oil and Gas in the Glenwood Springs Field Office 

(GSFO) Administrative Boundary (BLM 2008) and Analysis of the Management Situation 

Glenwood Springs Field Office (BLM 2007).  Among other activities discussed by these 

documents, oil and gas development is expected to grow significantly over the next few years.  

BLM decisions related to resource development are guided by relevant programmatic National 

Environmental Policy Act (NEPA) actions, including the existing Glenwood Springs Resource 

Area Oil and Gas Leasing and Development ROD and RMPA (BLM 1999). 

In addition, a number of other recent and imminent actions in the vicinity of the Study Area have 

been considered during the development of the CRVFO RMP Revision, particularly from the 

standpoint of cumulative air quality impacts.  Most significantly, the Roan Plateau Resource 

Management Plan and Environmental Impact Statement (BLM 2006) and the Vernal Draft 

Resource Management Plan and Draft Environmental Impact Statement (BLM 2005a) are 

related to the planning activities in the CRVFO.  In addition, several nearby Resource Areas are 

anticipated to update their RMPs in the near future.  RFDs associated with these planning 

activities have been addressed in the air quality assessment to the extent feasible given the 

evolving nature of the RMPs.  
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Map 1-1.  Colorado River Valley Field Office Planning Area 
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The CRVFO air quality assessment is occurring nearly simultaneously with an air quality 

assessment for the WRFO Resource Management Plan Amendment (RMPA) and Oil and Gas 

EIS.  The WRFO is located adjacent to the CRVFO, and shares much of the CRVFO‘s 

northwestern boundary.  In addition to close proximity, the two Field Offices share similar types 

of resource development, including expected increases in oil and gas development. 

 

Due to these commonalities, the modeling methodology and much of the data for the CRVFO air 

quality assessment are similar, and in some cases identical, to the WRFO air quality effort.  The 

CRVFO used the same California Puff Model (CALPUFF) and Comprehensive Air Quality 

Model with Extensions (CAMx) far-field modeling domains and meteorological data as those 

used for the WRFO analysis. 

1.4. AIR QUALITY MODELING OVERVIEW 

This air quality assessment includes comprehensive air quality modeling to predict potential 

ambient air quality impacts resulting from projected emissions within and beyond the CRVFO.  

The air quality assessment quantifies ambient concentrations of most criteria air pollutants and 

several hazardous air pollutants (HAPs), as well as impacts to AQRVs such as visibility, 

deposition, and lake chemistry.  The assessment also quantifies GHG emissions, but does not 

model their potential impacts. 

1.4.1. Pollutants and AQRVs Included in Analysis 

Criteria pollutants addressed in this analysis include the following.   

 Carbon monoxide (CO) 

 Nitrogen dioxide (NO2)  

 Ozone (O3) and ozone precursors (nitrogen oxides [NOx] and volatile organic compounds 

[VOCs]) 

 Particulate matter less than or equal to 10 microns in diameter (PM10) 

 Particulate matter less than or equal to 2.5 microns in diameter (PM2.5) 

 Sulfur dioxide (SO2)  

 

Although lead (Pb) is a criteria pollutant, it is not included in this analysis due to extremely low 

lead emissions from the emission sources included in this analysis. 

 

HAP analysis focused on substances emitted from the types of equipment and activities common 

to oil and gas development, such as engines and natural gas venting and processing.  Emissions 

of formaldehyde and benzene, toluene, ethylbenzene, and xylenes (BTEX) were quantified and 

ambient concentrations were predicted for these pollutants. 

 

Visibility was assessed by quantifying particulate and gaseous precursors that play a role in 

regional haze formation, including the following substances. 



Air Resources Technical Support Document   
 

  

1-6 Colorado River Valley RMP Revision 

 Particulate matter 

o PM10 

o PM2.5 

o Elemental carbon 

o Organic carbon 

o Soils 

 Gaseous precursors 

o Nitric acid (HNO3) 

o NO2 

o Nitrate (NO3) 

o SO2 

o Sulfate (SO4) 

 

Atmospheric deposition was assessed by quantifying deposition of total nitrogen and total sulfur, 

while lake chemistry impacts were determined by assessing predicted changes to acid 

neutralizing capacity (ANC). 

 

Greenhouse gas (GHG) emissions and potential climate change impacts are also addressed in this 

analysis.  As defined by the U.S. Environmental Protection Agency (USEPA), GHGs include the 

following six pollutants. 

 Carbon dioxide (CO2) 

 Methane (CH4) 

 Nitrous oxide (N2O) 

 Hydrofluorocarbons (HFCs) 

 Perfluorocarbons (PFCs) 

 Sulfur hexafluoride (SF6) 

 

Of these pollutants, CO2, CH4, and N2O are commonly emitted by oil and gas sources, while the 

remaining three GHGs are emitted in extremely small quantities or are not emitted at all.  As the 

major component of natural gas, CH4 emissions from oil and gas exploration, production, and 

transportation are considerable. 

 

Aggregate GHG emissions are discussed in terms of carbon dioxide equivalent (CO2e).  Each 

GHG has a global warming potential (GWP).  As defined by USEPA, the GWP provides a ―ratio 

of the time-integrated radiative forcing from the instantaneous release of one kilogram of a trace 

substance relative to that of one kilogram of CO2‖ (GPO 2010b).  In other words, the GWP 

accounts for the intensity of each GHG‘s heat trapping effect and its longevity in the atmosphere.  

The GWP provides a method to quantify the cumulative effect of multiple GHGs released into 

the atmosphere by calculating CO2e for the GHGs.  USEPA‘s GWPs are provided in Table 1-2 

and were determined on a 100-year basis.  These GWPs are set forth in USEPA regulations 

within Title 40 of the Code of Federal Regulations, Part 98. 
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Table 1-2.  GHGs Regulated by USEPA and 
Global Warming Potentials 

Air Pollutant 

Chemical 
Symbol or 
Acronym 

Global 
Warming 
Potential 

Carbon dioxide CO2 1 

Methane CH4 21 

Nitrous oxide N2O 310 

Hydrofluorocarbons HFCs Varies 

Perfluorocarbons PFCs Varies  

Sulfur hexafluoride SF6 23,900 

Sources:  GPO 2009; GPO 2010b, Table A-1. 

 

This analysis quantifies emissions of CO2, CH4, and N2O and describes management actions to 

reduce emissions of these three GHGs.    In order to create a meaningful analysis of GHG 

emissions associated with each of the CRVFO oil and gas development Alternatives, these 

emissions are compared to state and national GHG emission inventories.  Modeling to predict 

climate change impacts is beyond the scope of this air resource analysis. 

 

To date, USEPA has not mandated stationary source GHG emission reductions or set National 

Ambient Air Quality Standards (NAAQS) for these pollutants.  However, the agency requires 

certain GHG emission sources and some GHG suppliers to report GHG emissions.  Beginning in 

2011, large stationary sources of GHGs will be required to obtain air quality permits from local, 

state, or federal air quality agencies (GPO 2010f). 

1.4.2. Air Quality Models 

In order to provide a comprehensive assessment of air quality impacts, air quality modeling was 

performed using three primary models:  AERMOD, CALPUFF (California Puff Model), and 

CAMx (Comprehensive Air Quality Model with Extensions).  Each of these models shown in 

Table 1-3 is approved by USEPA and is well suited to its specific task in predicting ambient 

pollutant concentrations for certain types of pollutants and modeling situations.  Analyzed 

impacts included comparisons to the NAAQS and state ambient air quality standards as well as 

to Prevention of Significant Deterioration (PSD) Class I and Class II increments.  PSD increment 

demonstrations are for informational purposes only, and are not regulatory PSD increment 

consumption analyses. 
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Table 1-3.  Models, Pollutants, and Assessed Impacts 

Model Model Type Pollutants Modeled Analyzed Impacts 

AERMOD Near-Field 

Gaussian 

CO, NO2, PM10, PM2.5, SO2 NAAQS 

 

NO2, PM10, SO2, PM2.5 PSD Class I and Class II Increment 

Consumption (non-regulatory) 

HAPs  

(Formaldehyde, BTEX) 

HAP Risk 

CALPUFF Far-Field 

Lagrangian Puff 

NO2, CO, PM10, PM2.5, SO2 NAAQS 

NO2, PM10, PM2.5, SO2 PSD Class I and Class II Increment 

Consumption 

Elemental Carbon, Organic 

Carbon, Soils, PM10, PM2.5, 

HNO3, NO2, NO3, SO2, SO4 

Class I Visibility (includes 

sensitive Class II areas) 

Total Sulfur 

Total Nitrogen 

Deposition 

 

Acid Neutralizing Capacity Lake Chemistry 

CAMx Far-Field Eulerian O3 NAAQS 

 

AERMOD, CALPUFF and CAMx meteorological data and modeling methodologies are 

described in more detail within this ARTSD.  Before discussing the modeling methodologies, a 

discussion of emission inventory development is included in Section 2.0. 

1.4.3. Emissions Inventory Development Tasks 

Emissions inventory development for the air quality assessments included estimating the 

following emissions. 

 Project-related emissions inventories for criteria pollutants, HAPs, and GHGs 

 Cumulative emissions inventories for criteria pollutants from nearby oil and gas 

development 

 Cumulative emissions from point sources included in Colorado and Utah state emissions 

inventories 

1.4.4. Air Quality Assessments 

Outputs from the air quality models were used to assess the potential impacts on near- and far-

field air quality and AQRVs.  The following assessments were conducted. 

 AERMOD modeling to predict near-field Project future air pollutant concentrations 

resulting from reasonably foreseeable oil and gas development emissions. 

 CALPUFF modeling to predict far-field Project and cumulative future air pollutant 

concentrations resulting from reasonably foreseeable oil and gas development emissions, 

as well as cumulative emissions from oil and gas and other types of stationary sources. 

 Sparse Matrix Operator Kernel Emissions (SMOKE) and CAMx modeling to predict 

future regional emissions and ozone concentrations from extensive oil and gas and non-

oil and gas cumulative inventories, such as stationary source, vehicle, and biogenic 

emission inventories. 
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 Comparison of potential Project and cumulative predicted air pollutant concentrations to 

applicable NAAQS and to State Ambient Air Quality Standards that are more stringent 

than the NAAQS. 

 Comparison of potential Project and cumulative air quality impact to PSD Class I and 

Class II increments.  These demonstrations are for informational purposes only, and are 

not regulatory PSD increment consumption analyses. 

 Prediction of future visibility changes within mandatory Federal Class I areas and 

sensitive Class II areas listed above. 

 Prediction of future atmospheric deposition of total sulfur and nitrogen within mandatory 

Federal Class I areas and sensitive Class II areas. 

 Prediction of future ANC changes to sensitive lakes. 

1.5. DOCUMENT ORGANIZATION 

The remainder of this document is organized as follows.  Section 2.0 describes the data sources 

and methods used to develop project-specific and regional emissions inventories (Section 5.5 

includes specific emissions inventory processing information for SMOKE and CAMx modeling).  

Sections 3.0, 4.0, and 5.0 explain the modeling methodologies specific to AERMOD, 

CALPUFF, and SMOKE/CAMx modeling, respectively.  Section 6.0 includes a discussion of 

climate change and GHG emissions associated with this Project.  Finally, Section 7.0 

summarizes air resource impacts identified during this assessment. 
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2.0 EMISSIONS INVENTORIES 

2.1. EMISSIONS INVENTORIES INTRODUCTION 

Development of the comprehensive emissions inventory was a critical first step for the CRVFO 

air quality assessment.  This section describes the data sources and methods that were used to 

develop the multiple emission inventories needed for this analysis. 

2.2. EMISSIONS INVENTORY TYPES 

The following three types of emissions inventories were developed for the CRVFO air quality 

assessment. 

 RFD Inventories: 

o CRVFO RFD Inventories — These emissions inventories (one for each 

Alternative) included Project-specific emissions of criteria pollutants, HAPs, and 

GHGs associated with future oil and gas development in the CRVFO.  In 

particular, CRVFO RFD emissions include emissions related to oil and gas 

development sources: drilling engines, well venting, gas dehydration, central 

treatment facilities, engines for gas compression, produced water, and fugitive 

dust and exhaust emissions from construction activity and vehicle traffic.  The 

CRVFO inventories include separate emissions inventory totals for sources 

located on BLM land and for sources located on non-BLM land. 

o Nearby Field Office RFD Inventories — These emissions inventories include 

emissions from future oil and gas development.  The inventories included 

emissions from sources located in the following BLM Field Offices near the 

CRVFO:  WRFO, LSFO, and the VFO. 

 Reasonably Foreseeable Future Actions (RFFA) Inventory — This emissions inventory 

included recent or future permitted emissions from sources whose emissions were not 

reflected in monitored ambient pollutant concentrations, and were not included in RFD 

inventories because they are not oil and gas sources.  RFFA sources included existing 

sources whose emissions began or increased after the baseline ambient monitored 

concentration data was collected.  Emissions increases between January 1, 2007 and 

January 1, 2008 were included in the analysis. This emissions inventory is used only for 

CALPUFF modeling. 

 Photochemical Grid Modeling (PGM) Emissions Inventories – These emissions 

inventories are developed specifically for PGM.  Separate emissions inventories exist for 

a large number of diverse source categories, including electric utilities, mobile sources, 

and biogenic sources.  The PGM emissions inventories are described in more detail in 

Section 5.5 and Appendix J because they are integral to the SMOKE emissions modeling 

description. 

 

Projected CRVFO RFD activities include oil and gas development on all lands within the 

CRVFO boundary, regardless of land ownership.  However, BLM management actions apply 

only to activities occurring at locations in which BLM or the USFS owns the surface land and/or 

mineral rights.  RFD emissions inventory calculations took the expected location (BLM and 

USFS ownership or non-BLM / non-USFS ownership) of future emission sources into account 
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when calculating emissions.  This is also true for the WRFO.  The effect of land ownership on 

emission calculations is discussed in more detail below.   

 

Specific emissions inventories are included for certain types of modeling, depending primarily 

on the extent of the modeling domain and potential overlap with other emissions inventories.  

Emissions inventory applicability to each model is shown in Table 2-1. 

 

Table 2-1.  Emissions Inventories Used for Each Model 

Emissions Inventory 

Model Type and Model 

Near Field Far Field 

AERMOD CALPUFF CAMx 

CRVFO RFD * * * 

Nearby Field Offices RFD  * * 

RFFA  *  

PGM Emissions Inventories
1
   * 

1 Oil and gas emissions in these data sets were reviewed and were included only to the extent that their emissions 

were not included in the RFD for the CRVFO and other nearby Field Offices. 

 

As shown in Table 2-1, far-field modeling includes cumulative (i.e., non-Project) emissions 

inventories.  For CALPUFF modeling, cumulative emissions include emissions from RFD for 

nearby Field Offices and from RFFA.  For CAMx modeling, cumulative emissions include 

emissions from RFD for nearby Field Offices and PGM emissions inventories. 

2.3. CRVFO RFD EMISSIONS INVENTORY DEVELOPMENT 

RFD emissions inventories for the CRVFO were based on BLM‘s estimates of the number of 

additional oil and gas wells, compressor stations, and central treatment facilities expected during 

the next 20 years.  Estimates of future oil and gas activity were developed, in part, from 

information contained in RFD documents, including the Reasonable Foreseeable Development:  

Oil and Gas in the Glenwood Springs Field Office (GSFO) Administrative Boundary (BLM 

2008).  When needed to characterize CRVFO activities, additional information was obtained 

from the CRVFO. 

2.3.1. Emissions Background Information 

As part of the CRVFO RMP revision, the BLM developed four alternatives.  These alternatives 

include differing levels of oil and gas development with Alternative D having the greatest level 

of development and Alternatives B and C having the lowest level of development.  Table 2-2 

provides the maximum expected number of new wells to be developed for each Alternative over 

a 20-year period beginning in the year 2009 and extending to the year 2028.  The table also 

indicates the estimated number of these wells to be developed on land with BLM surface or 

mineral right ownership.  Projected natural gas production rates and the number of associated 

facilities, including compressor stations and gas plants, are also provided in the table. 

 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 2-3 

―Project‖ emissions include emissions from oil and gas facilities and operations on BLM mineral 

estate whose air quality impacts have not yet been assessed under NEPA.  Project emissions do 

not include emissions from oil and gas development on BLM mineral estate located on the Roan 

Plateau, since a NEPA analysis for this development was assessed in the Roan Plateau Planning 

Area Resource Management Plan Amendment and Environmental Impact Statement (BLM 

2006a).  However, emissions and impacts from oil and gas sources on the Roan Plateau and from 

872 wells on USFS land are included as part of the cumulative analysis described in this report. 

 

Field Wide emissions estimates account for BLM and non-BLM RFD activities (i.e., RFD 

projected oil and gas development on BLM, Forest Service, state and private lands).  Appendix 

A (pages A-46, A-47, A-48 and A-49) includes the Full CRVFO RFD / Field Wide cumulative 

inventories, including BLM and non-BLM emissions for the CRVFO RFD oil and gas 

projections. These are considered ―Field Wide‖ Productions for Year 2028 Emissions 

Summaries.  Table 2-6 in Section 2.3.7 below shows CRVFO BLM RFD Project emissions only 

(i.e. non-Forest Service, non-state, non-private and non-BLM Roan).  
 

Table 2-2.  Projected Facilities and Gas Production for CRVFO BLM and Non-
BLM Sources 

Mineral Estate Ownership 

Number of Facilities or Production Capacity 

Alt. A Alt. B Alt. C Alt. D 

Wells     

 BLM (Project) 2,664 2,206 2,206 4,198 

        BLM (Non-Project, Roan Plateau) 1,570 1,570 1,570 1,570 

 Non-BLM Federal, State, and Private 7,838 7,189 7,189 9,896 

Number of Wells 12,072 10,965 10,965 15,664 

Compressor Stations     

 BLM (Project) 2 1 1 2 

        BLM (Non-Project, Roan Plateau) 1 1 1 1 

 Non-BLM Federal, State, and Private 4 4 4 6 

Number of Compressor Stations 7 6 6 9 

Gas Processing Plants 
a
     

 BLM (Project) 0 0 0 0 

        BLM (Non-Project, Roan Plateau) 0 0 0 0 

 Non-BLM Federal, State, and Private 0 0 0 0 

Number of Gas Plants 0 0 0 0 

Maximum Gas Production (in MMscfd)     

 BLM (Project) 266 221 221 420 

        BLM (Non-Project, Roan Plateau) 157 157 157 157 

 Non-BLM Federal, State, and Private 784 719 719 989 

Total Gas Production (MMscfd) 1,207 1,097 1,097 1,566 

a
 Gas processing of CRVFO produced gas is expected to occur in gas processing plants located in 

the WRFO. 

 

The following figures illustrate the projected linear development of wells over the 20 year LOP.  

Figure 2-1 illustrates the total number of wells drilled over 20 years within the CRVFO, while 

Figure 2-2 illustrates the total number of CRVFO producing wells. 
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Figure 2-1.  Number of Wells Drilled by Year 
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Figure 2-2.  Number of Producing Wells by Year 

2.3.2. Source Locations 

Emission source locations within the CRVFO play a role in emission calculations.  Emission 

source locations are important for two reasons.  First, the location determines whether the 

emissions are included in Project or cumulative emissions.  Second, the location determines the 

level of emission control that is assumed for certain types of sources.  For example, sources 
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located outside of CRVFO jurisdiction would not be subject to management actions associated 

with the Alternatives. 

 

Emission source locations were estimated by CRVFO personnel.  Factors considered when 

identifying potential emission source locations included expected well spacing, existing wells, 

and topography.  For the CRVFO emissions inventory, the BLM estimated year 2028 locations 

for future well pads, drill rigs, compressor stations, and gas plants.  These locations were 

compared to surface ownership data to determine the number of well pads and drill rigs likely to 

be located on BLM land and non-BLM land in 2028.  Because the exact locations of the 20-year 

projected emission sources are not known, the source locations used in modeling runs may not 

represent the actual locations of potential future emission sources.    

 

Emissions associated with well drilling, well pad construction, well operation, and field 

compression were included in Project emissions if the well pad or compressor station was 

expected to be located on land with BLM surface or mineral right ownership (referred to as 

―BLM land‖).  Emissions associated with road construction and traffic were apportioned in 

accordance with the relevant facility locations.   

 

BLM air quality management actions in Alternatives B, C, and D include several emission 

provisions that are more stringent than those imposed by CDPHE-APCD or USEPA air quality 

regulations (such as state and federal engine emission standards and state VOC emission 

reduction standards).  Inclusion of these management actions allowed assessment of emission 

reduction strategies on air quality impacts.  BLM management actions apply to emission sources 

that are located on land for which the BLM has jurisdiction over surface or underground 

activities.  Sources expected to be located on USFS lands or accessing USFS mineral rights were 

assumed to also be subject to management actions similar to those imposed by the BLM.  In 

contrast, emission sources on lands owned by the state of Colorado or private parties would not 

be subject to BLM management actions.  The following general principles were used when 

determining the level of emission control. 

 

 For activities and sources on CRVFO BLM or USFS land — Emission calculations were 

based on the degree of emission control required by BLM Alternative-specific 

management actions.  If no management actions applied, calculations were based on 

emission factors in AP 42 Fifth Edition, Volume 1 (USEPA 1995, 1996, 1998, 2000, 

2006) and applicable CDPHE and USEPA requirements promulgated as of January 1, 

2008. 

 

 For activities and sources on non-BLM and non-USFS land — Emission calculations 

were based on AP 42 emission factors and applicable CDPHE and USEPA requirements 

promulgated as of January 1, 2008. 

2.3.3. Alternative Descriptions 

The air quality Alternatives are summarized in Table 2-3.  The air quality management actions 

included in these Alternatives would apply only to activities located on lands subject to BLM or 

USFS jurisdiction. 
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Table 2-3.  Air Quality Alternative Management Actions 

Source Type Alternative A Alternatives B and C Alternative D 

Road 

Surfacing 

No similar action. In the Roan Plateau and Lower Colorado Landscape 

Units, proper road design, construction, and 

surfacing on BLM authorized roads would be 

required to achieve at least 94 percent reduction from 

uncontrolled fugitive dust emissions (using gravel, 

paving or other control measures).  The calculated 

control efficiency was 96%; however, to be 

conservative, an efficiency measure of 94%was used.  

This control level is based on use of gravel 

(achieving 80% control) combined with magnesium 

chloride (80% control).  When multiple methods are 

used, the calculation results in a total of 96% control:  

80% control for gravel, plus 80% control 

(magnesium chloride) of the remaining 20% of those 

emissions, or (0.8 + 0.8x 0.2) = 0.96.  

Same as Alternatives B and C. 

Drill Rig 

Engines 

Drill rig and frac pump engines would 

meet Colorado and USEPA 

requirements. 

Within one year of the Record of Decision (ROD), 

all new and existing drill rig and frac pump engines 

would meet USEPA Tier 4 Nonroad Diesel Engine 

Emission Standards or meet equivalent emission 

standards, regardless of when they begin operation in 

the CRVFO. 

Within one year of the ROD, all new and 

existing drill rig and frac pump engines would 

meet USEPA Tier 2 Nonroad Diesel Engine 

Emission Standards or meet equivalent 

emission standards.  By 2015, all new and 

existing drill rig and frac pump engines would 

meet USEPA Tier 4 or equivalent (or more 

stringent) emission standards. 

Well 

Completion 

and Testing 

Venting would be allowed in 

accordance with Notice to Lessees 

(NTL-4A). 

Green completions, involving recovery and clean-up 

of natural gas, would be required unless the need for 

an exemption can be documented.  During well 

completions that do not use green completion 

technology, flaring of natural gas would be required.  

Venting of natural gas would not be allowed, except 

during emergency situations. 

Same as Alternatives B and C. 
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Table 2-3.  Air Quality Alternative Management Actions 

Source Type Alternative A Alternatives B and C Alternative D 

Construction 

Activities 

During construction activities, twice-

daily watering of construction areas 

and associated resource roads would 

be required.  In addition, fugitive dust 

control plans would be required. 

During construction activities, twice daily watering 

(or equivalent) of construction areas and associated 

resource roads would be required to prevent fugitive 

dust from vehicular traffic, equipment operations, or 

wind events.  The authorized officer may direct the 

operator to change the level and type of treatment if 

dust abatement measures are observed to be 

insufficient to prevent fugitive dust.  In addition, 

fugitive dust control plans would be required. 

Same as Alternatives B and C. 

Compressor 

Engines 

Engines at field compression facilities 

would be required to meet applicable 

CDPHE Air Quality Control 

Commission (AQCC) regulations and 

USEPA emission standards. 

New and existing natural gas fired reciprocating 

internal combustion engines at field compression 

facilities would be required to meet CDPHE AQCC 

Regulation No. 7
 a
 emission standards for new and 

relocated engines, regardless of when the engines 

begin operation in the CRVFO. Compliance with 

applicable USEPA emission standards for all types 

of engines would also be required. 

New engines (and engines relocated into the 

CRVFO) at field compression facilities would 

be required to meet CDPHE AQCC 

Regulation No. 7
 a
 emission standards for new 

and relocated engines.   Compliance with 

applicable USEPA emission standards for all 

types of engines would also be required. 

Glycol 

Dehydrators, 

Condensate 

Tanks 

Glycol dehydrators, condensate tanks, 

and produced water tanks would be 

required to meet applicable Colorado 

and USEPA emission standards. 

Emission controls would be required for glycol 

dehydrators, condensate tanks, and produced water 

tanks, without regard to the location of the 

equipment or the quantity of uncontrolled volatile 

organic compound (VOC) emissions from the 

equipment.  VOC emissions from glycol dehydrators 

would be reduced by at least 90 percent from 

uncontrolled emission levels.  VOC emissions from 

condensate tanks and produced water tanks would be 

reduced by at least 95 percent from uncontrolled 

emission levels. 

Same as Alternatives B and C. 

Facility 

Consolidation 

Sixty percent of well pads would pipe 

natural gas and liquids to consolidated 

facilities where dehydration, 

temporary tank storage, and truck 

loading would occur. 

Ninety percent of well pads would pipe natural gas 

and liquids to consolidated facilities where 

dehydration, temporary tank storage, and truck 

loading would occur. 

Eighty percent of well pads would pipe 

natural gas and liquids to consolidated 

facilities where dehydration, temporary tank 

storage, and truck loading would occur. 

Compressor 

Electrification 

No similar action. At least 100 percent of gas compression at 

compressor stations would be powered by electricity.  

Any new electricity transmission lines would be 

buried underground in existing rights-of-way. 

At least 50 percent of gas compression at 

compressor stations would be powered by 

electricity.  Any new electricity transmission 

lines would be buried underground in existing 

rights-of-way. 
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Table 2-3.  Air Quality Alternative Management Actions 

Source Type Alternative A Alternatives B and C Alternative D 

Produced 

Water Piping 

At least 40 percent of produced water 

generated during production 

operations would be piped from 

produced water tanks to its final 

destination. 

At least 90 percent of produced water generated 

during production operations would be piped from 

produced water tanks to its final destination. 

At least 80 percent of produced water 

generated during production operations would 

be piped from produced water tanks to its final 

destination. 

a
  AQCC Regulation No. 7 (5 Code of Colorado Regulations [CCR] 1001-9, §XVII.E.2.b) includes state-wide emission standards for new or relocated natural gas fired 

reciprocating internal combustion engines.  The standards are phased in between January 1, 2007 and January 1, 2011.  New or relocated engines rated at 100 horsepower (hp) 

or more may not exceed the following emission limits:  NOx 1.0 gram/hp-hr, CO 2.0 g/hp-hr, and VOC 0.7 g/hp-hr. 
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Table 2-4 provides additional description of the Alternative Management Actions shown above, 

including the pollutants and types of emission control technologies.  For each type of source, the 

table lists pollutants for which emission reductions are expected and indicates which Alternatives 

require the emission control.  In some cases, the Alternatives require a certain percentage of 

sources to adopt the emission control, as shown at the right side of the table. 

 
Table 2-4.  Emission Controls Associated with Management Actions 

Source Criteria Pollutants GHG Pollutants HAPs 

Alternative 

A B/C D 

Compressor 

Electrification 

CO 
NO2, 

NOx 
   VOC CO2 CH4 N2O HAPs  100% 50% 

Compressors at compressor stations would be powered by electricity, thereby moving any 

associated emissions (emissions from the plant that powers the compressors) offsite.  The 

percentages shown for each Alternative indicate the percentages of compressors that would be 

electrified. 

Compressor 

Engines 

CO 
NO2, 

NOx 
   VOC    HAPs    

Early adoption and compliance with CDPHE AQCC Regulation No. 7 for engines rated at 100 

hp or more.  Engines must meet the following emission limits:  2.0 gram (g) CO per 

horsepower-hour (hp-hr), 1g NOx/hp-hr, and 0.7 g VOC/hp-hr.  Although standards for NO2 

and HAPs are not explicitly stated, emissions of these pollutants would also likely decrease.  

The emission control technologies frequently used to meet these standards include non-selective 

catalytic reduction (NSCR) for rich-burn engines and oxidation catalyst for lean-burn engines. 

Condensate 

and Produced 

Water Tanks 

     VOC  CH4  HAPs    

VOC emissions from condensate and produced water tanks would be reduced by 95% or more.  

Typical control technologies include combustion devices (e.g., flares) or vapor recovery units. 

Construction 

Activities 

  PM2.5 PM10          

Twice daily watering of disturbed areas would achieve at least 50 percent control.   Fugitive 

dust control plans would also be required. 

Drill Rig 

Engines and 

Frac Pump 

Engines 

CO 
NO2, 

NOx 
PM2.5 PM10  VOC   N2O HAPs    

Tier 4 engines would be required earlier than normal turnover.  Tier 4 CO and non-methane 

hydrocarbon (NMHC) standards for engines are 2.6 g CO per brake horsepower-hour (bhp-hr) 

and 0.14 g NMHC/bhp-hr, regardless of engine size.  PM10 and NOx emission limits are based 

on whether the engine size is greater than 750 bhp.  For engines below this threshold, emission 

limits are 0.30 g NOx/bhp-hr and 0.015 g PM10/bhp-hr.  For engines above 750 bhp, the limits 

are 2.6 g NOx/bhp-hr (0.5 for generator sets) and 0.03 g PM10/bhp-hr (0.022 for generator sets).  

Tier 4 standards can be achieved by some existing engines by using selective catalytic reduction 

catalyst (SCR) and diesel particulate filters or diesel oxidation converter add-on emission 

control systems. 

Facility 

Consolidation 

CO 
NO2, 

NOx 
PM2.5 PM10 SO2 VOC CO2 CH4 N2O HAPs  60% 90% 80% 

Natural gas and liquids are required to be piped to consolidated facilities where dehydration, 

temporary tanks storage, and truck loading would occur.  Consolidation reduces fugitive dust by 

reducing the number of vehicle trips made to well pads, thereby reducing vehicle miles 

traveled.  The percentages for each Alternative show the proportion of well pads that would 

pipe gas and liquids to consolidated facilities. 
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Table 2-4.  Emission Controls Associated with Management Actions 

Source Criteria Pollutants GHG Pollutants HAPs 

Alternative 

A B/C D 

Glycol 

Dehydrators 

     VOC  CH4  HAPs    

VOC emissions from glycol dehydrator vents would be reduced by at least 90%, which would 

also decrease CH4 and HAP emissions.  Typical technologies to reduce vent emissions include 

zero-emission dehydrators, combustion devices such as flares, or vapor recovery units. 

Produced 

Water Piping 

CO 
NO2, 

NOx 
PM2.5 PM10 SO2 VOC CO2 CH4 N2O HAPs 40% 90% 80% 

Produced water would be piped (rather than trucked) from produced water tanks to its final 

destination.  Vehicle exhaust emissions, truck loading emissions, and fugitive dust emissions 

would be reduced.  The percentages for each Alternative show the proportion of produced water 

that be piped to its final destination. 

Unpaved 

Roads 

  PM2.5 PM10          

A combination of gravelling, chemical suppression, paving, and proper road construction and 

design would achieve at least 94 percent emission reduction.  Gravelling of roads in conjunction 

with use of magnesium chloride would achieve 96 percent emission reduction.  Alternatively, 

paving roads would nearly eliminate fugitive dust. 

Well 

Completion 

and Testing 

     VOC  CH4  HAPs    

Green completion technology would be required to capture emissions, unless the oil and gas 

operator could demonstrate the need for an exemption.  This technology typically captures 90 

percent or more of natural gas (VOCs, CH4, and HAPs) and transfers the captured gas into sales 

lines. 

 

2.3.4. Activity and Equipment Data Gathering 

To gather equipment and operating parameters needed to estimate emissions, the BLM National 

Operations Center (NOC) sent surveys to operators of oil and gas facilities in the CRVFO and 

surrounding Field Offices.  The surveys requested information including items such as:  1) 

equipment types, fuels, power ratings, capacities, time of operation, and emission control 

technologies; 2) frequency and volume of natural gas venting; 3) size and duration of land 

disturbance; and 4) miles traveled to and from facilities for deliveries and worker commuting.  

Upon receipt of responses, the NOC analyzed the data and consolidated it in order to identify 

typical operations and activities for which emissions could be calculated.  The NOC provided 

consolidated data to URS in June 2008 

 

During July 2009, BLM submitted additional URS-generated data requests to oil and gas 

operators in the CRVFO and the WRFO.  The data requests addressed information collected 

during the earlier data request, as well as requesting new data related to activities releasing 

fugitive VOCs.  

2.3.5. Modeled Year 

The life of Project (LOP) extends from 2009 through 2028.  The year 2028 was chosen for 

modeling purposes because this is the year of highest expected combined construction and 

production emissions for oil and gas sources within the CRVFO.  Although, well pad 
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construction and well drilling within the CRVFO is expected to peak prior to 2028, total 

emissions are expected to peak in 2028 because maximum operations are expected to occur in 

2028.  Certain types of equipment will emit less pollution as future regulations that have already 

been promulgated become effective and as newer, cleaner equipment replaces older equipment.  

However, emission reductions occur relatively early in the LOP and expected increases in 

activity more than offset the use of certain high-polluting equipment in early years. 

2.3.6. CRVFO BLM Emissions Calculations 

A variety of emission calculation methods were used to estimate emissions for each of the four 

CRVFO Alternatives.  Detailed calculations and source data documentation are included in 

Appendix A.  Many of the calculations were based on appropriate sections of AP 42 Fifth 

Edition, Volume 1 (USEPA 1995, 1996, 1998, 2000, 2006a).  The following discussion 

summarizes calculation approaches and describes emissions differences due to Alternative 

emissions control levels. 

2.3.6.1. Drill Rig Engines 

Diesel drilling engine emissions of NOx, PM2.5, PM10, VOCs, and CO were calculated based on 

USEPA‘s non-road engine regulations (http://epa.gov/nonroad-diesel/regulations.htm).  These 

regulations apply to newly manufactured engines and are structured as a tiered program by 

horsepower rating and year of manufacture (from 2000 forward).  Tier 1 standards were phased 

in from 1996 to 2000.  Tier 2 standards took effect from 2001 to 2006, Tier 3 standards (for 

smaller engines only) took effect from 2006 to 2008, and Tier 4 standards are being phased in 

from 2008 to 2015. 

Since the fleet of drilling engines includes engines manufactured in different years, the 

distribution of engines according to Tier level was determined based on an assumed turnover rate 

for Alternative A and based on management actions included in Alternatives B, C, and D, which 

mandate earlier use of Tier 4 engines.  Table 2-5 shows the expected drill rig population on BLM 

land for each Alternative.  Depending on the alternative but by at least 2015, all drill rig engines 

are assumed to meet Tier 4 standards. 

 

Table 2-5.  Drill Rig Engine Distribution 

Year 

Alt. A Alt. B Alt. C Alt. D 

Tier 2 Tier 4 Tier 2 Tier 4 Tier 2 Tier 4 Tier 2 Tier 4 

2009-2010 100%  100%  100%  100%  

2011 80% 20%  100% 80% 20%  100% 

2012 60% 40%  100% 60% 40%  100% 

2013 40% 60%  100% 40% 60%  100% 

2014 20% 80%  100% 20% 80%  100% 

2015  100%  100%  100%  100% 

2016-2028  100%  100%  100%  100% 

 

Similarly, SO2 emission estimates for all engines were based on emission factors contained in 

USEPA‘s AP 42.  Drilling engine SO2 emissions estimates took into consideration USEPA‘s 

diesel fuel regulations, which require a reduction in sulfur content from the current level of 500 

ppm to 15 ppm, beginning in June 2010 for nonroad engines.   
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For each Alternative, the number of drilling engines was based on the expected number of well 

pads to be drilled and assumed a linear increase from current drilling activity over the 20-year 

LOP. 

2.3.6.2. Well Completion, Re-Completion, and Blowdowns 

Well Completion 

VOCs and CH4 can be released during well completion, recompletion, workovers, and well 

blowdowns.  Based on information collected from oil and gas operators operating in the CRVFO, 

potential well completion natural gas emissions are currently 1 MMscf per completion.  

Currently, 50 percent of this volume is being flared and 50 percent is being vented.  The natural 

gas is sweet (negligible levels of sulfur) and has an average heat content of 1,050 BTU/scf. 

Alternative A would allow continued use of current well completion venting and flaring 

practices, in accordance with the Notice to Lessees (NTL-4A).  Alternatives B, C, and D would 

require use of green completion technology for all wells, unless the need for an exemption is 

documented by the natural gas operator.  Green completion technology uses high-strength steel 

processing units to capture dirty well completion gas and separate saleable natural gas from 

entrained liquids and sand.  The processing units, often called flowback skids, are portable units.  

Green completion reduces VOC and methane emissions.  Based on use of green completion 

technology in the Piceance Basin, green completion has been demonstrated to achieve 90 percent 

capture and sale of methane from multiple wells throughout the Basin, with venting and flaring 

of remaining emissions (MMP-USEPA 2005).  Because Alternatives B, C, and D would not 

allow venting (except in emergency situations), 2 percent of potential emissions from new 

development in the CRVFO were assumed to be flared with a 98 percent destruction efficiency. 

Re-completion 

Venting and flaring emissions from well recompletion and well workovers were also estimated.  

Based on information collected from oil and gas operators operating in the CRVFO, potential 

well recompletion natural gas emissions are 0.1 MMscf, with 50 percent of this volume currently 

being flared and 50 percent currently being vented without emission control.  In any single year, 

1 percent of all operating wells are expected to be recompleted under each Alternative. 

Blowdown 

With regard to well blowdowns, an average of 3 well blowdowns was assumed for each year for 

each operating well under all Alternatives.  Currently, the average volume of gas emitted per 

well blowdown is 0.00075 MMscf, with all gas being vented without emission control.  The 

extended natural gas analysis provided by oil and gas operators for the CRVFO was used in 

conjunction with the vented gas volume approximation to estimate speciated annual emissions. 

Engine emissions are also associated with well recompletion and workover activities.  Emissions 

of NOx, PM2.5, PM10, VOCs, and CO were calculated based on the USEPA‘s non-road engine 

regulations (http://epa.gov/nonroad-diesel/regulations.htm).  Tier 4 engine emissions factors 

were applied based on the assumption that all drill rig engines would meet Tier 4 standards by 

the year 2028. 

2.3.6.3. Well Fracing Pump Engines  

Emissions from well fracing pump engines were included in the emissions inventory.  As with 

drill rig engines, by 2028, all well fracing pump engines are assumed to meet Tier 4 standards. 
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2.3.6.4. Glycol Dehydrators 

Based on information provided by CRVFO oil and gas operators, all field gas will be dehydrated 

at compressor stations before being processed at gas plants.  The gas throughput at a typical 

compressor station glycol dehydrator was calculated based on the annual expected per-well gas 

recovery for the Project area and assumed that a typical compressor station will process 70 

MMscfd.  Glycol dehydrator emissions were calculated using two different methods, depending 

on the Alternative.  For Alternative A, emissions were determined based on a typical glycol 

dehydrator.  In contrast, Alternatives B, C, and D include management actions that would reduce 

VOC and methane emissions. 

When determining emissions from a typical dehydrator, the Gas Research Institute (GRI) 

GLYCalc program was used based on parameter values and the extended natural gas analysis 

provided by oil and gas operators to estimate glycol dehydrator emissions.  

Alternative A emissions calculations did not include any VOC controls on dehydrators.  

Emissions calculations for Alternatives B, C, and D included 90 percent VOC control for 

dehydrator vents.  Glycol reboiler emissions were assumed to be uncontrolled for all of the 

Alternatives. 

2.3.6.5. Condensate and Produced Water Tank Vents and Truck Loading 

Alternative A condensate and produced water tank vent emissions were calculated based on an 

assumption of no VOC control.  Although the Colorado Oil and Gas Conservation Commission 

(COGCC) requires VOC emission controls on larger condensate and produced water tank vents 

for tanks located close to residences and certain public areas, many of the tanks constructed 

under Alternative A could be exempt from the COGCC regulations as currently implemented.  

Consequently, tank VOC emissions may be overestimated under Alternative A.  Alternatives B, 

C, and D include management actions that would require at least 95 percent VOC control 

efficiency on all condensate and produced water tank vents.   

 

Truck loading emissions calculations for all Alternatives assumed 98 percent control efficiency 

(based on vapor balancing) for condensate loading.  Truck loading activities may occur at well 

pads, consolidated facilities, or at compressor stations. 

2.3.6.6. Equipment Leaks Fugitive 

Fugitive emissions associated with equipment leaks were calculated based on data collected from 

oil and gas operators in the CRVFO.  Oil and gas operators provided projected valve, pump seal, 

compressor seal, relief valve, connector, and open ended line counts for future natural gas 

facilities.  Oil and gas production operations average emissions factors from Table 2-4 of the 

USEPA 1995 Protocol for Equipment Leak Emission Estimates (USEPA 1995b) were used in 

conjunction with CRVFO specific gas analysis data to estimate equipment leak emissions.  

2.3.6.7. Pneumatic Pumps and other Pneumatic Devices 

According to data provided by the CRVFO oil and gas operators, there is an average of one 

pneumatic pump per well and approximately 0.000017 MMscf/year of natural gas is vented per 

pump.  The extended natural gas analysis provided by oil and gas operators was used in 

conjunction with the vented gas volume approximation to estimate speciated annual emissions. 
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Speciated vented emissions associated with other pneumatic devices including liquid level 

controllers, pressure regulators, and valve controllers were also calculated.  Survey data from the 

oil and gas operators indicated that there would be approximately 2 liquid level controllers, 2 

valve controllers, and 1 pressure regulator for each well.  All of these pneumatic devices were 

assumed to have a bleed rate of 0.000006 MMscf/hour/device. 

2.3.6.8. Heaters 

Six 0.25 MMBtu/hr gas-fired heaters were assumed to be located at each well pad.  Based on 

information provided by oil and gas operators, heaters were assumed to be operating 2,190 hours 

per year, with these hours allocated as follows:  50 percent during winter, 25 percent during 

spring, and 25 percent during fall.  Heater emissions were assumed to be uncontrolled under all 

Alternatives. 

2.3.6.9. Field Compressor Stations 

Based on data from a recent field data request, between seven and nine new field compressor 

stations are expected to be built in the CRVFO, depending on the Alternative.  These compressor 

stations are expected to include natural gas fired reciprocating internal combustion engines.  

Emission estimates for these engines were based on a combination of CDPHE-APCD emission 

limits imposed under Regulation No. 7 and AP 42 emission factors.  (Note that CDPHE‘s 

Regulation No. 7 emission limits are similar to USEPA New Source Performance Standards in 

40 Code of Federal Regulations Part 60, Subpart JJJJ.)  Due to compressor engine turnover 

during the LOP, all compressor engines were assumed to meet Regulation No. 7 emission limits 

by 2028. 

2.3.6.10. Gas Processing Facilities  

Gas processing capacity assumptions were developed by the BLM NOC.  Due to large gas 

processing capacity expected to be developed within the WRFO, additional gas produced in the 

CRVFO is expected to be processed in the WRFO.  Consequently, no new gas processing 

facilities are expected to be built in the CRVFO.  Emissions from additional gas processing 

facilities in the WRFO are included as cumulative emissions in this analysis and Appendix B 

contains detailed emission calculations additional WRFO gas processing capacity. 

2.3.6.11. Wind Erosion 

Particulate matter emissions due to wind erosion during production operations were calculated 

for the total disturbed area per well pad.  The total wind erosion area per well pad is estimated to 

be 2.5 acres for the well pad, 0.25 acres for a portion of compressor station and central treating 

facility, 2.8 acres for resource road and portion of local road area, and 1 acre for a portion of the 

pipeline area.  For emissions estimation and modeling purposes, the total disturbed area is 

expected to be reclaimed within 2 years.  Emissions associated with all well pads and associated 

infrastructures constructed within the last two years of the Project were modeled as area sources 

for the far-field analysis.  For the near-field analysis, emissions produced by wind erosion were 

modeled for the disturbed areas at well pads and roads within the near-field modeling domain.  
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2.3.6.12.  Construction Activity Fugitive Dust 

PM10 and PM2.5 emissions were estimated for well pad and road construction activities.  The 

following assumptions, which were provided by the BLM NOC and oil and gas operators in the 

CRVFO, were used in emission calculations. 

 Well pad and associated infrastructure disturbs 10.1 acres. 

 Road and well pad construction would occur over five 10-hour days. 

 Disturbed soils would average 37 percent silt content according to CRVFO soil test data. 

 PM10 would constitute 25 percent of total suspended particulate emissions calculated 

based on AP 42 emission factors. 

 PM2.5 would constitute 10 percent of PM10 emissions (MRI 2005).  

 A fugitive dust control efficiency of 50 percent was assumed for construction activities 

based on twice-daily watering or other methods. 

 Fugitive dust emissions were adjusted to account for 4.3 percent of annual hours having 

measurable precipitation. 

 Ultra-low sulfur content diesel fuel (15 parts per million [ppm] sulfur) would be used to 

fuel all heavy construction equipment. 

In addition, specific assumptions concerning the number and type of construction equipment and 

the number of operating hours are included in detailed emission calculation spreadsheets in 

Appendix A. 

2.3.6.13. Unpaved Road Fugitive Dust 

Fugitive dust emissions from vehicle travel over unpaved roads were estimated for construction 

and production activities.  The following types of vehicles were included when estimating 

emissions. 

 Heavy-duty construction equipment 

 Drill rig trucks 

 Water tankers (produced water and water suppression trucks) 

 Fuel tankers 

 Delivery trucks and vehicles 

 Commuter trucks and cars 

Travel to well pads on unpaved roads assumed a 4-mile round trip on local roads and a 1-mile 

round trip on resource roads.  Heavy equipment would travel at a maximum speed of 25 miles 

per hour (mph), while light-duty trucks and commuter vehicles would travel at a maximum speed 

of 35 mph.  Silt content on unpaved roads was assumed to be 37 percent and a minimum fugitive 

dust control effectiveness of 50 percent was assumed for all Alternative A unpaved road 

emissions calculations.  Alternatives B, C, and D require 94 percent fugitive dust control on local 

and resource roads.  Appendix A provides detailed descriptions of the number of trips for each 

vehicle type. 

Because primary road traffic is expected to occur during day and night (particularly during well 

drilling), emissions from vehicle traffic were distributed over a 24-hour period.  Fugitive dust 
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emissions from roads were modeled as adjacent volume sources representing the total length of 

the road inside the AERMOD domain for near-field modeling, and were distributed evenly 

across area sources for the high potential development areas for CALPUFF far-field modeling.  

The effective height and the initial sigma Z (vertical plume spread) for each source was set to 

that of a medium area source at 4m height (BLM 2005b).    

The high-elevation CRVFO oil and gas areas remain relatively frozen due to cold temperatures, 

snowfall, and slow snowpack melt during the fall, winter, and spring months.  During the months 

when unpaved roads are frozen, dust from unpaved roads is well-controlled.  CRVFO personnel 

and other nearby Field Offices stated that no noticeable unpaved road related fugitive dust 

emissions occur during November through April.  Therefore, fugitive dust emissions from 

unpaved roads did not occur during the six-month cold-weather period. 

2.3.6.14. Vehicle Exhaust 

Vehicle exhaust emissions were calculated for all vehicles listed above.  Ultra-low sulfur diesel 

fuel use was assumed for all heavy construction equipment, tanker trucks, and large delivery 

vehicles.  The fuel type for light-duty vehicles (such as pickup trucks) was split between diesel 

fuel (60 percent of vehicles) and gasoline (40 percent).  Emissions for heavy-duty construction 

vehicles were calculated based on the number of hours of operation during construction 

activities, while emissions from vehicle travel for all types of vehicles were based on the number 

of vehicle miles traveled (VMT).  Detailed emission calculations are provided in Appendix A.  

Except for activity levels, consistent emission calculations were used for all Alternatives. 

2.3.7. CRVFO BLM Emissions Summary 

Table 2-6 summarizes year 2028 criteria pollutant and HAP emissions for BLM sources 

(excluding Roan Plateau sources) associated with each Alternative. It shows CRVFO BLM RFD 

Project emissions only (i.e. non-Forest Service, non-state, non-private and non-BLM Roan). 

 

Table 2-6.  2028 CRVFO BLM Criteria Pollutant and HAP Emissions 

Pollutant 

Emissions (tpy) 

Alt. A Alt. B Alt. C Alt. D 

Criteria Pollutants 

CO 805 103 103 726 

NOx 423 60 60 383 

PM10 1,950 66 66 177 

PM2.5 200 10 10 25 

SO2 1 1 1 1 

VOCs 3,382 1,268 1,268 2,599 

Hazardous Air Pollutants 

Benzene 73 21 21 41 

Ethylbenzene 0 0 0 0 

Formaldehyde 55 0 0 44 

Hexane 210 122 122 234 

Toluene 52 22 22 43 

Xylene 28 17 17 32 

tpy = short tons per year 
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2.3.8. CRVFO Non-BLM Emissions Calculations and Emissions 
Summary 

Field Wide emissions estimates account for BLM and non-BLM RFD activities (i.e., RFD 

projected oil and gas development on BLM, Forest Service, state and private lands).  Appendix 

A (pages A-46, A-47, A-48 and A-49) includes the Full CRVFO RFD / Field Wide cumulative 

inventories, including BLM and non-BLM emissions for the CRVFO RFD oil and gas 

projections. These are considered ―Field Wide‖ Productions for Year 2028 Emissions 

Summaries.  Emissions for sources expected to be located on non-BLM land were calculated 

using methods similar to those used for sources on BLM land.  Specifically, Alternative A levels 

of emission control were assumed when calculating emissions for non-BLM sources.  As 

described earlier, Alternative A management actions were based on current practices within the 

CRVFO.  The Alternative A management actions also reference CDPHE and USEPA emission 

control requirements.  Due to less stringent emission controls for some sources, per-well, 

emissions from certain types of non-BLM CRVFO sources are greater than emissions from 

similar sources located on non-BLM land based on Alternative B, C, or D scenarios. 

 

Emissions from RFD sources on non-BLM land are not considered to be Project emissions.  

Instead, they are considered to be cumulative emissions for the purposes of this air quality 

assessment.  

2.3.9. CRVFO GHG Emissions 

Emissions of GHGs, including CO2, CH4, and N2O, were calculated for CRVFO BLM Project 

sources and CRVFO non-BLM sources.  GHG emissions factors were obtained from USEPA 

AP 42, where available, and also from guidance provided by the Intergovernmental Panel on 

Climate Change (IPCC 2000, 2006) as well as the American Petroleum Institute (API 2004).  

Appendix A contains detailed CRVFO GHG emissions calculations. 

 

Table 2-7 provides total Project GHG emission for each of the three estimated GHGs, as well as 

total emissions in terms of carbon dioxide equivalent emissions (CO2e).   Table 2-7 reports 

emissions in metric tons per year (mtpy) for year 2028.  CO2e is calculated based on the global 

warming potential (GWP) of each GHG relative to CO2.  According to USEPA‘s GHG 

mandatory reporting regulations in 40 Code of Federal Regulations (CFR) Part 98, GWPs are 1.0 

for CO2, 21 for CH4, and 310 for N2O (GPO 2010b). 

 

It is important to note that the IPCC, an international scientific organization created by the 

United Nations to assess climate change, has published GWPs that differ from those used by 

USEPA.  The IPCC GWPs are 1.0 for CO2, 25 for CH4, and 298 for N2O.  While the IPCC 

GWPs are more universal and more recent that USEPA‘s GWPs, this document uses the USEPA 

values in order to achieve better consistency with past and future U.S. GHG emission 

inventories.  For example, U.S. industries will begin reporting GHG emissions in March 2011 

based on USEPA GWPs that are codified in 40 CFR Part 98. 

 

Additional discussion of GHG emissions and climate change is provided in Chapter 6.0. 
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Table 2-7.  2028 CRVFO Project GHG Emissions 

GHG 

Alternative 

A B C D 

Emissions (mtpy) 

CO2 181,592 60,682 60,682 198,240 

CH4 13,974 9,801 9,801 19,588 

N2O 2 1 1 3 

 Emissions (mtpy) 

CO2e 475,859 266,907 266,907 610,576 

mtpy = metric tons per year 

2.3.10. RFD Emissions Calculations for Other Field Offices 

RFD emissions for three additional BLM Field Offices were estimated.  Emissions for the 

WRFO and VFO were estimated using methods similar to those used for the WRFO, while 

emissions for the LSFO were based on information contained in the Air Quality Impact Assessment 

Technical Support Document, Little Snake Resource Management Plan, Moffat, Routt, and Rio Blanco 

Counties, Colorado (2008c).  Emissions calculation spreadsheets for each of these Field Offices are 

included in Appendix B.  Due to the larger quantities of emissions associated with the WRFO 

and VFO, additional description of the emission estimation methods are included below. 

2.3.10.1. White River Field Office 

As described in Reasonable Foreseeable Development Scenario for Oil and Gas Activities in the 

White River Field Office: Rio Blanco, Moffat and Garfield Counties (BLM 2007c), the BLM 

estimates that between 4,603 and 21,200 wells may be developed during the next 20 years on 

550 to up to 2,556 new well pads.  At the time of this analysis, the WRFO had not yet selected a 

preferred alternative.  Therefore, the alternative with the most wells (Alternative D) was selected 

for the cumulative CRVFO modeling effort.  During the 2028 modeled year, WRFO activity 

assumptions included drilling 1,661 new wells with up to 108 drill rigs.  Gas production from the 

21,200 wells expected to be developed over the LOP was assumed for the entire year. 

Emission calculations for WRFO sources were performed similar to the CRVFO methodology 

and procedures.  Assumptions that were provided in the WRFO RMP Alternatives descriptions 

were used to derive emissions for WRFO Alternatives A, B, C and D.   

Just as for the CRVFO, a detailed Field Office specific survey was obtained from BLM 

personnel and the oil and gas operators within the WRFO.  Data and assumptions specific to the 

WRFO were used when estimating WRFO emissions, though emission calculation procedures 

were identical to those used to develop the WRFO emissions.  Detailed emissions calculations 

for the WRFO are included in Appendix B.  Several notable differences in data and assumptions 

for the WRFO are summarized below. 

 Soil within the WRFO has a lower silt content of approximately 20 percent compared to 

37 percent for the CRVFO. 

 Gas plants are expected to be built in the WRFO.  These gas plants will process natural 

gas from development in the WRFO and the CRVFO gas that is expected to be 

transported to the WRFO gas processing and sales/pipeline compression facilities. 
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 Compressor engine electrification is assumed for 50 percent of compression needed for 

WRFO Alternative D. 

2.3.10.2. Vernal Field Office 

The BLM estimates that approximately 5,400 natural gas and oil wells with associated ancillary 

facilities could be developed over the next 20 years in the VFO.  Individual natural gas well pads 

would include separation and dehydration units, and gas would be transported to centralized gas 

processing and sales/pipeline compression facilities. Estimates provided by the VFO show that 

approximately 1,000 wells would be drilled using 20 drill rigs during the year 2028.  When shut-

in wells are considered, the estimated numbers of operating natural gas and oil wells in the year 

2028 are 2,154 and 2,055, respectively. 

2.4. RFFA SOURCES 

RFFA sources were included in the cumulative emission inventory that was used for far-field 

modeling.  As discussed earlier, RFFA sources include sources located within the CALPUFF 

modeling domain (see Map 4-1) whose emissions were not reflected in monitored ambient 

pollutant concentrations.  Emissions inventory data for RFFA sources was obtained from Utah 

Department of Environmental Quality (UDEQ) and CDPHE state inventories and permit records.  

The monitoring date of the baseline background concentration data was used to determine 

whether a source‘s emissions were already reflected in background concentrations.  Ambient 

concentration monitoring data for the CRVFO analysis was available for the year 2006 for the 

relevant criteria pollutants (NO2, PM10, PM2.5, and SO2).  Therefore, the RFFA emissions 

inventory included emission increases that occurred between January 1, 2006 and December 31, 

2007.   

If an existing source began operation before the background monitoring date, this source‘s 

emissions were usually assumed to be included in background concentrations and its emissions 

were not modeled directly.  However, if emissions at an existing source increased more than 

1 tpy between the years 2006 and 2007 for Colorado and Utah sources, the emissions increases 

were modeled.   

In addition to those RFFA sources identified by reviewing the state inventories for existing 

sources, new or planned RFFA sources were identified through a review of air permit actions 

during year 2007.  Facilities that received air quality construction permits prior to January 1, 

2008 or that submitted air quality construction permit applications before that date were included 

in the RFFA inventory.  Appendix C provides source identification and emissions for RFFA 

sources. 

2.4.1. RFFA Emission Calculations 

Long-term (annual) emission rates were used for both short-term averaging periods (i.e., 1-hour, 

3-hour, 8-hour, and 24-hour) and long-term averaging periods (i.e., annual).  Sources identified 

in the permit review were conservatively modeled at maximum emission rates based on the 

permit limits. 

For facilities for which UDEQ or CDPHE did not have a PM2.5 emissions inventory, fine 

particulate speciated emissions were estimated from PM10 emissions using emission data 

provided in NPS particulate matter speciation procedures.  Table 2-8 summarizes the PM2.5 

calculation assumptions for key sources.     
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Table 2-8.  PM2.5 Emission Calculation Assumptions 

Source Description PM2.5 Emission Rate 

Natural Gas Combustion (AP 42 Sections 1.3 and 3.0) PM2.5 = 100% of PM10 emissions 

Fugitive Particulates (AP 42 Section 13.2) PM2.5 = 10% of PM10 emissions 

Coal Combustion (AP 42 Section 1.1) PM2.5 = 50% of PM10 emissions 

 

If the location and stack parameters for two or more sources were identical, they were 

represented by one source with an emission rate equal to the sum of the combined sources.  

Sources with an emission rate or emission increase of less than one ton per year were excluded 

from the modeling analysis as their emissions are considered de minimis.  Using this filtering 

method resulted in a negligible loss in total RFFA emissions. 

2.4.2. RFFA Stack Parameters 

Stack parameters for existing or planned cumulative point sources were taken directly from the 

state inventories or permit records.  Missing stack parameters were filled using realistic 

assumptions based on the type of equipment identified.  The assumptions were based on similar 

equipment within the inventory for which stack parameters were reported.  For a group of stacks 

representing a facility, the stack with the highest "M" value was used as the representative stack 

for that particular facility.  The "M" value is calculated as the product of the release temperature, 

exit velocity, and stack height, and then divided by the emission rate. 

If the location of the source was not provided in either UTM or latitude and longitude 

coordinates, the coordinates were filled based on the street address provided, or based on 

information from the source operator.  In any instance where a source was placed within 10 km 

of a Class I area, additional steps were taken to scrutinize the location data and to ensure 

appropriate placement of the source.    

Emissions associated with future projected RFFA oil shale development operations and the 

nearby South Taylor Mine were modeled as area sources.  An effective height of 7.0 meters and 

an initial sigma-z of 3.26 meters were used as release parameter inputs for the RFFA area 

sources. 
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3.0 AERMOD NEAR-FIELD MODELING 

A near-field ambient air quality impact assessment was performed to quantify and evaluate 

maximum pollutant impacts within the vicinity of the Project Area resulting from construction 

and production emissions.  The near-field analysis predicted impacts that would occur within 

50 km of a CRVFO sub-Project Area resulting from emissions due to the construction and 

production of oil and gas facilities in the sub-Project Area.  USEPA‘s recommended guideline 

model, AERMOD (version 07026), was used to assess near-field impacts.  Near-field modeling 

followed the procedures explained in Glenwood Springs Field Office Air Quality Assessment Protocol 

(BLM-URS 2008b), except where noted below. 

 

Near-field modeling predicted long-term and short-term averaged ambient concentrations for the 

following criteria pollutants:  CO, NO2, SO2, PM10, and PM2.5.  In addition, HAP concentrations 

and potential human health risk were estimated for benzene, ethylbenzene, formaldehyde, n-

hexane, toluene, and xylenes. 

 

Near-field modeling was not performed for each Alternative.  Rather, modeling was performed 

based on reasonable, but conservative, emissions that could conceivably occur under the least 

restrictive combination of emissions scenarios and during early years when more stringent 

emission reduction requirements would not yet be effective.  This approach was used for all 

pollutants except for PM10 and PM2.5.  For example, Tier 2 drill rig engine emission rates were 

assumed for all near-field modeling scenarios, even though use of cleaner Tier 4 engines would 

be mandated under Alternatives B, C, and D soon after approval of the ROD and all drill rig 

engines in the CRVFO would likely meet Tier 4 standards by the year 2028.  Consequently, the 

near-field predicted air quality impacts are conservative. 

 

There is one exception to this conservative emissions modeling approach.  For near-field 

modeling, PM2.5 and PM10 were modeled using emissions representing Alternatives B, C, and D.  

Because initial near-field modeling results based on Alternative A emissions controls indicated 

high particulate impacts, AERMOD was re-run based on more stringent PM2.5 and PM10 

emissions controls included in the management actions associated with Alternatives B, C, and D.   

 

Ozone modeling was performed using CAMx and is described in Chapter 5.0 of the ARTSD for 

this RMP revision. 

3.1. MODELING INPUTS AND METHODOLOGY 

3.1.1. Meteorology 

Meteorological data processing differed from the methods described in the modeling protocol in 

order to use data provided by the CDPHE-APCD.  Model ready meteorology data for the years 

2001 through 2003 was supplied by the CDPHE, along with documentation that described the 

raw surface meteorology collection origins and provided other meteorology monitoring 

information (Machovec 2008).  Three years of surface meteorological data collected at the 

Garfield County Regional Airport (near Rifle, Colorado) from January 2004 through December 

of 2006 had been processed with National Weather Service upper-air profile meteorological data 

collected near Grand Junction, Colorado for the same years.  Data collected at the surface 

meteorological station for the creation of the modeling dataset included numerous parameters 
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such as wind speed, wind direction, temperature, relative humidity, cloud cover, atmospheric 

pressure, visibility, and precipitation. 

 

The wind rose shown in Figure 3-1 illustrates the 2000, 2003-2006 five-year compilation of wind 

direction and speed frequencies for the Garfield County Regional Airport surface meteorological 

station.  The average wind speed over the five year period was approximately 2.4 meters per 

second.  Winds most frequently blow from the west (approximately 9 percent of the time from 

due west), south, south-southwest, and west-northwest.  The complete aggregation of raw 

monitored meteorological data values was processed by AERMET (version 06341) with monthly 

values for albedo, Bowen ratio, and surface roughness length derived specifically for the 

Garfield County Regional Airport to produce a model ready dataset. 

 

 

Figure 3-1.  Garfield County Regional Airport Windrose 

3.1.2. Terrain 

A variety of terrain is found within the CRVFO‘s high potential oil and gas development area.  

High potential development areas in which well pads will be located are mainly in the 

southwestern area of the Field Office.  Most of the current and future oil and gas development 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 3-3 

are located along the Colorado River valley floor, which is up to several miles wide, or on large, 

flat-topped mesas and broad secondary valleys along its flanks. This terrain is more reflective of 

flat terrain than complex terrain.  Where oil and gas developments do or could occur in narrow 

valleys extending into adjacent uplands, these are typically short and open quickly onto the main 

valley floor. More rugged terrain farther from the valley floor is overwhelmingly on federal land 

with no residential receptors. In addition to the lack of specificity regarding precise locations of 

future emission sources, the BLM concluded that the assumption of flat terrain, in combination 

with the conservative assumptions used in the model, was the most appropriate method, and it 

satisfactorily ensures that near-field impacts are not underestimated.  

 

3.1.3. Ambient Concentration Data 

CDPHE-APCD provided representative background pollutant concentration data collected at 

regional monitoring sites.  Table 3-1 provides the background criteria pollutant concentrations 

and describes the location of each concentration value.  Pollutant concentrations in micrograms 

per cubic meter ( g/m
3
) are shown for all pollutants, while gaseous pollutant concentrations are 

also shown in parts per million (ppm).  Concentrations shown in square brackets indicate the 

NAAQS and CAAQS.  Due to the CRVFO‘s remote location and lack of monitors operating 

during 2006 near the CRVFO area, some of the monitoring sites selected by CDPHE-APCD 

were located in the Colorado Springs area.  These urban locations provided conservative 

estimates of NO2 and SO2 ambient concentrations.  For most pollutants, these background 

concentrations were added to near-field modeled concentrations to produce cumulative predicted 

near-field concentrations for comparison to applicable air quality standards.  

 

Table 3-1.  Background Ambient Air Quality Concentrations and Standards 

Pollutant / 
Units 

Monitored Concentrations and Ambient Air Quality 
Standards Monitoring Station 

Location 
a
 Annual 24-Hour 8-Hour 3-Hour 1-Hour 

CO 

( g/m
3
) 

- - 
2,328.2

b
 

[10,000] 
- 

4,656.4
b
 

[40,000] Grand Junction, Mesa County.  

(Average of 2004-2006) 
CO (ppm) - - 

2 

[9] 
- 

4 

[35] 

NO2 

( g/m
3
) 

30.6
  

[100] 
- - - 

32.08 
d 

[189] 
Woodmen and Colorado 

College stations, Colorado 

Springs, El Paso County.  

(2005-2006 data) NO2 (ppm) 
0.016 

[0.053] 
- - - 

0.017  
d
 

[0.1] 

NO2 

( g/m
3
) 

- - - - 
70.75

h
 

[189] 
Holcim/Golden (2005-2006) 

NO2 (ppm) - - - - 
0.037

h
 

[0.1] 
Holcim/Golden (2005-2006) 

PM10 

( g/m
3
)

 

30
 f 

[50] 

56
 b 

[150] 
- - - 

Rifle, Garfield County.  (2006 

data) 

PM2.5 

( g/m
3
) 

9
 

[15.0] 

24
 c 

[35] 
- - - 

Grand Junction, Mesa County.  

(Average of 2003-2006) 
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SO2 

( g/m
3
) 

5.3
 f 

[80] 

34.6
 b, f 

[365] 
- 

66.6
 b, f 

[1,300 NAAQS] 

[700 CAAQS] 

80.8 
e
 

[195.5] Colorado College, Colorado 

Springs, El Paso County.  

(2005-2006) 
SO2 (ppm) 

0.002
 f
 

[0.030] 

0.013
 f
 

[0.14] 
- 

0.026
 f
 

[0.5 NAAQS] 

[0.27 CAAQS] 

0.031 
e
 

[0.075] 

SO2 

( g/m
3
) 

- - - - 
31.95

h
 

[195.5] 
Holcim/Golden (2005-2006) 

SO2 (ppm) - - - - 
0.012 

[0.075] 
Holcim/Golden (2005-2006) 

O3 (ppm)   
0.065 

[0.075] 
  

Rifle, Garfield County.  (2008-

2010)  

O3 (ppm)   
0.067

g
 

[0.075] 
  

Gothic Station, GTH 161, 

Gunnison, CO. (2007-2009)    

O3 (ppm)   
0.072

g
 

[0.075] 
 0.082

g
 

Greasewood (In the Piceance 

Basin, North of the CRV FO 

Area)  

O3 (ppm)   
0.064

g
 

[0.075] 
 0.073

g
 Palisade (2009) 

O3 (ppm)   
0.063

g
 

[0.075] 
 0.072

g
 

Colorado National Monument 

(2008-2009) 

CO = carbon monoxide 

g/m3 = micrograms per cubic meter 

NO2 = nitrogen dioxide 

PM10 / PM2.5 = particulate matter less than or equal to 10 microns / 2.5 microns in size 

SO2 = sulfur dioxide 
a Background concentrations were recommended by Nancy Chick of CDPHE for use in the Colorado River Valley and White 

River Field Office Resource Management Plans (CDPHE-APCD 2008b) for all pollutants and averaging times except for the 

1-hour NO2 concentration.  Values for CO, NO2, and SO2 were supplied in ppm and have been converted to g/m3. 
b Based on second maximum monitored value. 
c Based on 98th percentile. 
d Based on 98th percentile of 1-hour NO2 data from a U.S. Forest Service monitor (ID 08-067-1004) located in Bayfield, 

Colorado in La Plata County. 
e Based on year 2006 99th percentile 1-hr SO2 data from a monitor located in Denver, Colorado. 
f This standard is being phased out by USEPA. 
g Concentrations provided by Nancy Chick in a memo to URS, dated August 4, 2011.   One-hour concentrations are based on 

the second highest maximum.  Eight-hour concentrations are based on the fourth highest maximum 8-hour average.  

Concentrations provided by Nancy Chick in a memo to URS, dated August 4, 2011. 
h Reported as the first hour maximum.  Concentration provided by Nancy Chick in a memo to URS.        

 

Table 3-2 provides HAP concentration data obtained from the USEPA Urban Air Toxics Pilot 

Project and reflects concentrations monitored in the City of Grand Junction during 2006 and 

2007 (CDPHE-APCD 2008a).  The HAP concentrations were adjusted by CDPHE to 

compensate for non-detect values.  Concentrations equal to one-half the minimum detection limit 

were substituted for non-detect values.   
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Table 3-2.  HAP Background Concentrations 

Averaging Time Year 
Concentration, ppbv ( g/m

3
) 

Benzene Ethylbenzene Formaldehyde Toluene Xylenes 

Annual Mean 

2006 
0.58  

(1.85) 

0.15  

(0.66) 

3.27  

(4.02) 

1.08 

(4.06) 

0.72       

(3.12) 
a
 

2007 
0.46  

(1.46) 

0.14  

(0.61) 

3.27  

(4.02) 

1.12 

(4.22) 

0.64       

(2.78) 
a
 

24-Hour Maximum 

2006 
1.21  

(3.87) 

0.44  

(1.91) 

6.12 

(7.52) 

2.27  

(8.56) 

2.12 

(9.21) 
a
 

2007 
1.32 

(4.22) 

0.35  

(1.53) 

5.14 

(6.32) 

7.72  

(29.10) 

1.69       

(7.35) 
a
 

Source:  CDPHE-APCD 2008a. 

g/m3 = micrograms per cubic meter 

ppbv = parts per billion by volume 
a The xylenes concentration represents the sum of m-, p-, and o-xylene. 

3.1.4. Near-Field Modeling Setup 

Near-field ambient air models of criteria pollutants and HAPs were created with AERMOD to 

assess potential impacts from construction and production activities.  To conservatively estimate 

potential near-field emissions, five facilities within a one mile by one mile area (one square mile) 

were grouped together for AERMOD modeling.   

 

Figure 3-2 shows a composite modeling layout.  This modeling layout includes all possible 

emission sources for all pollutants.  However, only sources emitting relevant pollutants were 

modeled for individual emission scenarios.  For example, when modeling SO2, only sources of 

SO2 emissions were included in the modeling run.  A compressor station is shown at the center 

of the modeling layout.  Four well pads (with eight wells each) and associated roadways are 

clustered around the compressor station.  For symmetry, the roads to the well pads are oriented in 

different directions relative to the well pads.  This grouping of sources and activities is a 

conservative estimate of the quantity and close proximity of emissions and potential impacts that 

could occur within the CRVFO.   

 

This near-field modeling approach differs from the modeling protocol (BLM-URS 2008b) in 

several respects.  These changes were approved by BLM and were more conservative approaches 

or simplified the modeling approach. 

 

 Based on more recent information, eight wells are assumed for each well pad rather than 

the seven wells per pad described in the modeling protocol.  At each well pad, emissions 

were based on six producing wells, one well being completed, and one well being drilled. 
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Figure 3-2.  Near-Field Well Pad Cluster Layout 

 

 Deposition was included for particulate matter modeling to better represent large particle 

fallout within short distances from emissions sources.  Two size categories were specified 

for the modeling: PM fine (≤2.5 micrometers [ m]) and PM coarse (>2.5 m and less 
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than 10 m).  The ratios of emissions rates determined the mass fractions for each source.  

The mean particle diameters were set at 1.0 m and 7 m for the PM fine and PM coarse 

particles, respectively.  Particle density was set at 1 g/cm
3
 for both particle sizes. 

 Fugitive dust emissions caused by vehicle travel on unpaved roads were modeled during 

warm weather months (May – October).  Fugitive dust emissions from unpaved roads 

were assumed to be insignificant during the cold-weather season when roads are muddy 

or frozen.  The BLM approved using these assumptions for fugitive dust modeling. 

 

In order to estimate the potential maximum impacts for each pollutant and applicable averaging 

period scenario (i.e., PM10 24-hour average), the magnitude and frequency of emissions for 

activities were determined and the maximum reasonable estimates were modeled for each 

scenario.  To be conservative, a flare was included at the well pad since Alternative A allows 

flaring and flaring could also occur during emergency situations for Alternatives B, C, and D. 

 

In accordance with averaging periods for which ambient standards exist, pollutant concentrations 

for the following averaging times were predicted. 

 

 PM10 and PM2.5 24-hour and annual averaged concentrations 

 NOx 1-hour and annual averaged concentrations 

 SO2 3-hour, 24-hour, and annual averaged concentrations 

 CO 1-hour and 8-hour averaged concentrations 

 

The emission source scenario for the PM10 and PM2.5 24-hour averaged models accounted for 

concurrent construction of two of the four well pads and associated roads while active drilling 

and completion activities were assumed to occur at the other two well pads.  Emissions 

associated with each of these activities (e.g., fugitive dust due to light duty truck travel and rig 

moving) were accounted for in the AERMOD modeling. 

 

A compressor station was located in the center of the pad cluster and was surrounded by four 

well pads.  For short-term averaging modeling, emissions were based on the following activities 

at each well pad:  six producing wells, one well being completed, and one well being drilled.  

Emissions from stationary equipment and mobile equipment were included.  For long-term 

averaging modeling, annual emissions of CO, NO2, SO2, and HAPs for all activities were 

modeled at consistent rates over the course of an entire year (8,760 hours).  For PM10 and PM2.5, 

emissions from construction activities, wind erosion, and combustion (stationary source and 

motor vehicle) were modeled at consistent rates over the course of an entire year; however, 

fugitive dust emissions from unpaved roads occurred during the warm weather months (May – 

October) and were modeled only for this time period.  For annual average modeling runs, all 

construction and production activities were assumed to occur over a one year period (i.e. eight 

wells were considered to be constructed and all were producing for an entire year). 

 

Compressor station emissions were based on 180 MMscfd throughput capacity of natural gas, 

which corresponds to operating engines with a total of 23,400 horsepower.  The emission source 

input stack parameter values for the compressor station matched those for an existing facility in 

the Piceance Basin.   

 

The emission source scenarios for the SO2 and CO short-term averaged models were similar to 

the model for the PM10, PM2.5, NOx, and SO2 annual averaged models, except that maximum 
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short-term emission rates were used.  Maximum short-term emissions were determined by 

analyzing possible concurrent activities (i.e. maximum number of large vehicle trips per day as 

opposed to average number of trips per day).  Drill rig engines and other sources that emit 

constantly 24 hours a day, 7 days a week do not have temporal variation. 

 

Emissions from the compressor station and drill rig engines were modeled as point sources in 

AERMOD.  For most modeling, volume sources represented emissions associated with vehicle 

exhaust emissions, well pad activities (including venting, equipment leaks, glycol dehydrators, 

well pad construction), and mobile source fugitive dust emissions.  However, for the 1-hour NO2 

modeling scenario, flares used for emission control during well completion (allowed under 

Alternative A or during emergencies under Alternatives B, C, or D) were modeled as point 

sources.  Wind erosion fugitive particulate matter emissions were distributed over area sources. 

 

Receptors were placed according to the spacing shown in Table 3-3 and are shown in Figure 3-2.  

The ambient boundary was set 250 meters from the center of the well pad and from the 

centerline of volume sources.   

 

Table 3-3.  Receptor Spacing for Near-Field Modeling 

Receptor Location Receptor Spacing (m) 

Along fence line / ambient boundary 50 

Out to 2400 meters 100 

m = meters 

3.1.5. HAP Emissions Modeling 

AERMOD was used to determine near-field HAP impacts for formaldehyde, benzene, toluene, 

ethylbenzene, n-hexane, and xylenes in the immediate vicinity of the Project for both short-term 

and long-term exposure.  Sources of HAPs included condensate tank vents, glycol dehydrators, 

well-site fugitive emissions, drill rig emissions, venting, flaring, and compressor station 

combustion emissions.  For this analysis, the AERMOD setup was similar to the near-field 

configurations created for the criteria pollutants.  For short term exposure impacts, AERMOD 

predicted ambient concentrations based on emissions from six producing wells, one well being 

completed, one well being drilled, and operation of associated equipment (including mobile 

sources) at the well pads.  For all annual average models, all construction and production 

activities were assumed to occur over a one year period and emissions were divided and emitted 

equally per hour over the course of an entire year (8,760 hours). 

3.2. NEAR-FIELD ASSESSMENT OF AIR QUALITY IMPACTS 

3.2.1. Criteria Pollutants 

The predicted criteria pollutant concentrations were compared with applicable NAAQS and to 

any applicable Colorado Ambient Air Quality Standards that are more stringent or have different 

averaging times than the NAAQS, as shown in Table 3-4.  The NAAQS include standards for 

NO2, SO2, PM2.5, PM10, O3, CO, and lead.  Given the insignificant levels of potential lead 

emissions, lead standards were not addressed in this analysis.  Comparisons to the O3 standard 

are described in Section 5.0 of this air quality assessment. 
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Operational impacts from near-field modeling results were compared to applicable PSD Class II 

increments.  However, all comparisons to PSD increments are made to identify potential 

significance, and do not represent a Regulatory Increment Consumption analysis.  Regulatory 

PSD increments analysis is generally required only for individual major stationary sources at the 

time that a specific facility applies for a PSD permit prior to facility construction.  Under the 

PSD Program, a major stationary source is a source that has the potential to emit 100 tons per 

year (tpy) or 250 tpy of a criteria pollutant (depending on the type of facility). 

  
Table 3-4.  Applicable Ambient Air Quality Standards and PSD 

 Increments 

Pollutant 
Averaging 

Period 

NAAQS 

( g/m3 [ppm]) 

State Ambient 
Air Quality 
Standards 

( g/m3 [ppm]) 

PSD Increments  

( g/m3) 

Class I Class II 

CO 
1-Hour

 b
 40,000 [35]    

8-Hour
 b
 10,000 [9]    

NO2 
1-Hour

d
 189 [100]    

Annual 
a
 100 [53]  2.5 25 

PM10 
24-Hour

 b
 150  8 30 

Annual 
a
 -- 50 

c
 4 17 

PM2.5
 

24-Hour
 b
 35  2 9 

Annual 
a
 15  1 4 

SO2 

1-Hour 
e
 195.5 [0.075]    

3-Hour 
b
 1,300 [0.50] 

f
 700 [0.267] 

c
 25 512 

24-Hour
 b
 365 [0.14] 

g
  5 91 

Annual 
a
 80 [0.030] 

g
  2 20 

O3 
1-Hour -- 235 [0.12] 

c
   

8-Hour 147 [0.075]    

g/m3 = micrograms per cubic meter 

ppm = parts per million 
a Annual arithmetic mean not to be exceeded. 
b Not to be exceeded more than once per year. 
c This is a Colorado standard that is more stringent than the NAAQS or has a different averaging time. 
d To comply with the 1-hour NO2 standard, the three-year average of the annual 98th percentile of the daily maximum 

1-hour average concentration must be less than or equal to 188.7 g/m3 (100 ppb). 
e The new 1-hour SO2 standard became effective on August 23, 2010.  To comply with the 1-hour SO2 standard, the 

three-year average of the annual 99th percentile of the 1-hour daily maximum concentration must be less than or equal 

to 195.5 g/m3 (75 ppb). 
f As of August 23, 2010, this standard transitioned from a primary standard (protecting human health) to a secondary 

standard (protecting environment) at the federal level.  However, state air quality agencies have discretion to continue 

enforcing this standard as a primary standard.  The 3-hour standard will become obsolete at the federal level once 

attainment/nonattainment designations under the new 1-hour SO2 standard are promulgated by USEPA. 
g The 24-hour and annual standard will become obsolete at the federal level once attainment/nonattainment 

designations under the new 1-hour SO2 standard are promulgated by USEPA. 

 

Table 3-5 provides the maximum modeled concentration for each pollutant, averaging time, and 

modeled year using Alternative A emission rates (the most conservative case with the greatest 

emissions on a per well basis) for all non-fugitive dust emission sources and using Alternative B, 
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C, and D emission rates for PM2.5 and PM10 fugitive dust emissions.  With the exception of the 1-

hour NO2 predicted total concentrations, the maximum modeled concentrations were added to 

the background concentration (from Table 3-1), and the total concentrations were compared to 

the NAAQS and CAAQS.  For all near-field modeled criteria pollutants and averaging times 

except for the PM10 24-hour modeling run, predicted near-field concentrations are below the 

NAAQS and CAAQS when Alternative A emission rates are modeled.  With regard to the 24-

hour PM10 modeling results, the predicted total concentration (modeled plus background) was 

173 g/m
3
 based on the maximum highest-second-highest result over the three-year period.  

Because this result for Alternative A was greater than the 150 g/m
3
 NAAQS, the PM2.5 and 

PM10 modeling runs were repeated with fugitive dust emissions representing the more stringent 

fugitive emission controls associated with Alternatives B, C, and D (which are identical).  The 

PM2.5 and PM10 results shown in Table 3-5 provide modeled concentrations based on Alternative 

B, C, and D fugitive dust emission controls. 

 

The 1-hour NO2 modeled concentration of 139.5 g/m
3
 (73.81 ppm) approaches the new 

189 g/m
3
 (100 ppm) NAAQS that became effective on April 12, 2010 (GPO 2010a).  This 

standard is in the early stages of implementation and USEPA is beginning to develop modeling 

guidance addressing this standard, which has a complex multi-year averaging format.  

Compliance with the standard is determined based on the three-year average of the 98
th

 

percentile (eighth-highest) maximum daily 1-hour NO2 concentration.  In accordance with 

February 22, 2010 USEPA AERMOD modeling guidance, the three-year average of the eighth-

highest daily maximum 1-hour modeled NO2 concentration was determined on a receptor-by-

receptor basis (USEPA 2010c).  USEPA‘s procedure does not include addition of background 

NO2 concentration to the AERMOD result. 

 
Table 3-5.  Near-Field Criteria Pollutant Predicted Concentrations 

Criteria 
Pollutant 

Avg. 
Period Year 

Concentration ( g/m
3 
[ppm]) 

Ambient Standard  

( g/m
3
 [ppm]) Percent 

of 
NAAQS Modeled  

Back-
ground Total 

a NAAQS  CAAQS  

CO 1-hour 

2004 335 4,656 4,991 [4.37] 40,000 

[35] 

 

40,000 

[35] 

 

12% 

2005 353 4,656 5,009 [4.38] 13% 

2006 334 4,656 4,990 [4.37] 12% 

CO 8-hour  

2004 165 2,328 2,493 [2.24] 10,000 

[9] 

 

10,000 

[9] 

 

25% 

2005 149 2,328 2,477 [2.23] 25% 

2006 138 2,328 2,466 [2.22] 25% 

NO2 1-hour 

2004 

139.5 
Not 

Incl. 
b
 

 

139.5 [0.074] 
b, d

 

189 

[100] 

 

N/A 

 
74% 

b
 2005 

2006 

NO2 Annual 

2004 8.32 30.6 38.92 [0.021] 100 

[53] 

 

100 

[53] 

 

39% 

2005 8.06 30.6 38.66 [0.020] 39% 

2006 7.71 30.6 38.31 [0.020] 38% 

PM10 24-hour  

2004 15.5 56 71.5 
c
 

150 

 

150 

 

48% 

2005 15.0 56 71.0 
c
 47% 

2006 16.8 56 72.8 
c
 49% 

PM10 Annual 2004 0.73 30 30.73 
c
 Revoked 50 N/A 
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Table 3-5.  Near-Field Criteria Pollutant Predicted Concentrations 

Criteria 
Pollutant 

Avg. 
Period Year 

Concentration ( g/m
3 
[ppm]) 

Ambient Standard  

( g/m
3
 [ppm]) Percent 

of 
NAAQS Modeled  

Back-
ground Total 

a NAAQS  CAAQS  

2005 0.78 30 30.78 
c
   N/A 

2006 0.83 30 30.83 
c
 N/A 

PM2.5 24-hour 

2004 

2.85 

24 

26.85 
c, d

 
35 

 

N/A 

 
77% 2005 24 

2006 24 

PM2.5 Annual 

2004 0.37 9 9.37 
c
 

15 

 

N/A 

 

62% 

2005 0.36 9 9.36 
c
 62% 

2006 0.36 9 9.36 
c
 62% 

SO2 
e
 1-hour 

2004 

3.21 

80.82 

84.03 [0.032] 
d 

 
196 

[0.075] 

N/A 

 
43% 2005 80.82 

2006 80.82 

SO2 
f
 3-hour 

2004 2.01 66.6 68.61 [0.026] 1,300 

[0.50] 

 

700 

[0.267] 

 

5% 

2005 1.97 66.6 68.57 [0.026] 5% 

2006 1.90 66.6 68.50 [0.026] 5% 

SO2 
g
 24-hour 

2004 0.85 34.6 35.45 [0.014] 365 

[0.14] 

 

N/A 

 

10% 

2005 0.78 34.6 35.38 [0.014] 10% 

2006 0.63 34.6 35.23 [0.014] 10% 

SO2 
g
 Annual 

2004 0.27 5.3 5.57 [0.002] 80 

[0.03] 

 

N/A 

 

7% 

2005 0.26 5.3 5.56 [0.002] 7% 

2006 0.25 5.3 5.55 [0.002] 7% 

CAAQS = Colorado Ambient Air Quality Standards 

g/m3 = micrograms per cubic meter 

N/A = not applicable 

NAAQS = National Ambient Air Quality Standards 

a For short-term (non-annual) averaging times, compliance with the CO, PM10, and SO2 NAAQS is based on the highest-

second-highest (H2H) short-term concentration, while compliance with the short-term PM2.5 and NO2 NAAQS is based on the 

highest 3-year average eighth-highest short-term concentration.  Short-term modeled concentrations reported here are highest-

second-highest for CO, PM10, and SO2, and highest-eighth-highest for PM2.5 and NO2.  Annual (long-term) modeled 

concentrations are highest concentrations which are required for an annual average NAAQS compliance demonstration. 
b
 The 1-hour NO2 background concentration was not added to the modeled concentration.  February 22, 2010 USEPA guidance 

describes identification of the 3-year average of the eighth-highest modeled concentration on a receptor-by-receptor basis 

(USEPA 2010c).  Inclusion of background concentration is not included in the procedure for comparing AERMOD modeling 

results with the 1-hour NO2 NAAQS. 
c PM2.5 and PM10 modeling results are shown for Alternatives B, C, and D fugitive dust emission rates (which are identical) and 

for Alternative A non-fugitive dust emission rates. 
d Due to 1-hour NO2,  24-hour PM2.5, and 1-hour SO2 NAAQS standard formats that use a three-year average to determine 

compliance, only one total concentration is reported for the three-year modeling period. 
e The new 1-hour SO2 standard became effective on August 23, 2010.  To comply with the 1-hour SO2 standard, the three-year 

average of the annual 99th percentile of the 1-hour daily maximum concentration must be less than or equal to 195.5 g/m3 (75 

ppb). 
f As of August 23, 2010, this standard transitioned from a primary standard (protecting human health) to a secondary standard 

(protecting environment) at the federal level.  However, state air quality agencies have discretion to continue enforcing this 

standard as a primary standard. The 3-hour standard will become obsolete at the federal level once attainment/nonattainment 

designations under the new 1-hour SO2 standard are promulgated by USEPA. 
g The 24-hour and annual standard will become obsolete at the federal level once attainment/nonattainment designations under 

the new 1-hour SO2 standard are promulgated by USEPA. 
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The above near-field predicted NO2 concentrations are based on a conservative multi-facility 

scenario involving four closely spaced well pads and a compressor station within a one square 

mile area.  Because the scenario is based on Alternative A emission control parameters for NO2 

(the least stringent) and assumes use of Tier 2 drill rig engines, this modeling scenario includes 

greater NO2 emissions on a per well pad basis than will likely occur at most facilities constructed 

in the future.  For example, Tier 4 drill rig engines and low NOx-emitting compressor engines 

will be required due to federal and state regulations, as well as applicable BLM management 

actions. 

 

Depending on the level of the 1-hour NO2 background concentration determined to be 

representative of the CRVFO oil and gas development area, near-field modeling results for the 1-

hour NO2 standard indicate that compliance with the standard may be difficult for some facilities 

or at some locations.  Determining whether 1-hour NO2 exceedances might occur in the future 

will largely depend on the following three factors:  1) facility-specific equipment and emissions, 

2) site-specific topography, and 3) ambient 1-hour NO2 concentrations at or near the site.  Prior 

to constructing high NO2-emitting facilities, site-specific modeling that demonstrates compliance 

with the 1-hour NO2 standard will be required by CDPHE and air quality permits will be 

required for stationary sources whose NO2 emissions exceed permitting thresholds. 

3.2.2. Hazardous Air Pollutants 

All near-field HAP modeling was based on conservative Alternative A emission rates.  Short-

term (1-hour) HAP concentrations were compared to acute Reference Exposure Levels (RELs), 

shown in Table 3-6.  RELs are defined as concentrations at or below which no adverse health 

effects are expected.  No RELs are available for ethylbenzene and n-hexane; instead, the 

available Immediately Dangerous to Life or Health divided by 10 (IDLH/10) values were used.  

These IDLH values were determined by the National Institute for Occupational Safety and 

Health (NIOSH) and were obtained from USEPA‘s Air Toxics Database (USEPA 2005a).  These 

values approximate pollutant concentrations likely to produce mild effects during 1-hour 

exposures. 

 

As shown in Table 3-6, all HAP maximum 1-hour concentrations (with inclusion of background 

concentrations) are well below the REL or IDLH/10 reference concentrations.  For most modeled 

HAPs, the maximum total concentrations are less than 0.5 percent of the applicable thresholds.  

However, benzene and formaldehyde maximum concentrations are approximately 13-27 percent 

of their respective RELs. 

 

Table 3-6.  1-Hour HAP Maximum Concentration Comparison to RELs 

HAP Year 

Maximum 1-Hour 
Modeled 

Concentration 

( g/m
3
) 

Background 
Concentration 

( g/m
3
) 

a
 

Maximum 
Total 

Concentration 

( g/m
3
) 

REL  

( g/m
3
)
 

Percen-
tage of 

REL  
(%) 

Benzene 

2004 161.87 10.11 171.98 

1,300 
b
 

13% 

2005 154.18 10.11 164.29 13% 

2006 154.51 10.11 164.62 13% 
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Table 3-6.  1-Hour HAP Maximum Concentration Comparison to RELs 

HAP Year 

Maximum 1-Hour 
Modeled 

Concentration 

( g/m
3
) 

Background 
Concentration 

( g/m
3
) 

a
 

Maximum 
Total 

Concentration 

( g/m
3
) 

REL  

( g/m
3
)
 

Percen-
tage of 

REL  
(%) 

Ethylbenzene 

2004 0.00542 4.30 4.31 

350,000 
c
 

0.0012% 

2005 0.00665 4.30 4.31 0.0012% 

2006 0.00656 4.30 4.31 0.0012% 

Formaldehyde 

2004 6.48 17.30 23.77 

94 
b
 

25% 

2005 7.94 17.30 25.24 27% 

2006 7.83 17.30 25.13 27% 

n-Hexane 

2004 1,120 N/A 
d
 1,120.47 

390,000 
c
 

0.29% 

2005 1,067 N/A 
d
 1,067.23 0.27% 

2006 1,070 N/A 
d
 1,069.56 0.27% 

Toluene 

2004 133.79 47.08 180.87 

37,000 
b
 

0.49% 

2005 127.44 47.08 174.51 0.47% 

2006 127.71 47.08 174.79 0.47% 

Xylene 

2004 89.28 20.70 109.98 

22,000 
b
 

0.50% 

2005 85.04 20.70 105.74 0.48% 

2006 85.22 20.70 105.92 0.48% 

g/m3 = micrograms per cubic meter 

REL = Reference Exposure Level 
a   Background concentrations are values averaged for years 2006 and 2007, based on monitored 24-hour maximum values 

collected in Grand Junction, Colorado (CDPHE-APCD 2008a) that are divided by 0.4 to adjust to a 1-hour average 

concentration. 
b   USEPA Air Toxics Database, Table 2 (USEPA 2005a). 
c  No REL available for these HAPs.  Values shown are from Immediately Dangerous to Life or Health (IDLH/10), USEPA 

Air Toxics Database, Table 2 (USEPA 2005a). 
d  Monitored data was not available for this pollutant.

 

 

Long-term maximum potential exposure to HAPs and to diesel particulate matter (PM) are 

compared to Reference Concentrations for Chronic Inhalation (RfCs) in Table 3-7.  An RfC is 

defined by USEPA as the daily inhalation concentration at which no long-term adverse health 

effects are expected.  RfCs exist for both non-carcinogenic and carcinogenic effects on human 

health (USEPA 2005b).  Annual modeled HAP concentrations for each modeled HAP are 

compared directly to the non-carcinogenic RfCs shown in Table 3-7.  For all HAPs except 

benzene and formaldehyde, the maximum total concentration is less than 7 percent of the RfC.  

The maximum modeled formaldehyde concentration is approximately 43 percent of its 

respective RfC. 

 

Of the above HAPs, only benzene and formaldehyde are suspected to be carcinogenic.  RfCs for 

these HAPs are expressed as unit risk factors (URFs) and are shown in Table 3-8.  Accepted 

methods for risk assessment were used to evaluate the incremental cancer risk for these 

pollutants.  Based on the Superfund National Oil and Hazardous Substances Pollution 

Contingency Plan, a cancer risk range of 1 in a million to 100 in a million (10
–6

 to 10
–4

 risk) is 

generally acceptable (USEPA 1990).  Cancer risks for each individual HAP and for combined 
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exposure to both HAPs for both MEI and MLE  are within or below this range.  A detailed 

explanation of this determination follows. 

 

Annual total concentrations (modeled plus background) were multiplied by USEPA‘s URF 

(based on 70-year exposure) for those pollutants, and then the product was multiplied by an 

adjustment factor that represents the ratio of projected exposure time to 70 years.  The 

adjustment factors represent two scenarios:  a most likely exposure (MLE) scenario and one 

reflective of the maximally exposed individual (MEI).   

 

The MLE duration was assumed to be 9 years, which corresponds to the mean duration that a 

family remains at a residence (USEPA 1993).  This duration corresponds to an adjustment factor 

of 9/70 = 0.13.  The duration of exposure for the MEI was assumed to be 20 years (i.e., the 

LOP), corresponding to an adjustment factor of 20/70 = 0.29. 

 
Table 3-7.  Annual Average Predicted Concentrations Compared to RfCs 

Pollutant Year 

Annual Modeled 
Concentration 

( g/m
3
) 

Background 
Concentration 

( g/m
3
) 

a
 

Maximum 
Total 

Concentration 

( g/m
3
) 

RfC 
b
  

( g/m
3
) 

Benzene 

2004 0.197 1.66 1.85 

30 2005 0.206 1.66 1.87 

2006 0.216 1.66 1.88 

Ethylbenzene 

2004 0.000 0.64 0.64 

1,000 2005 0.000 0.64 0.64 

2006 0.000 0.64 0.64 

Formaldehyde 

2004 0.162 4.02 4.18 

9.8 2005 0.153 4.02 4.17 

2006 0.145 4.02 4.17 

n-Hexane 

2004 0.971 NA 
c
 0.97 

200 2005 1.059 NA 
c
 1.06 

2006 1.144 NA 
c
 1.14 

Toluene 

2004 0.131 4.14 4.27 

400 2005 0.137 4.14 4.28 

2006 0.145 4.14 4.28 

Xylene 

2004 0.077 2.95 3.03 

100 2005 0.082 2.95 3.03 

2006 0.087 2.95 3.04 

Diesel PM 
d 

2004 0.313 NA 
c
 0.31 

5 2005 0.303 NA 
c
 0.30 

2006 0.287 NA 
c
 0.29 

g/m3 = micrograms per cubic meter 

RfC = Reference Concentration for Chronic Inhalation 
a  Background concentrations are values averaged for years 2006 and 2007, based on annual average values from data 

collected in Grand Junction, Colorado (CDPHE-APCD 2008a). 
b  USEPA Air Toxics Database, Table 1 (USEPA, 2005b).  
c  Monitored data was not available for this pollutant. 
d  USEPA 2007a. 

 

A second adjustment was made for time spent at home versus time spent elsewhere.  For the 

MLE scenario, the at-home time fraction is 0.64 (USEPA 1993), and it was assumed that during 

the rest of the day the individual would remain in an area where annual HAP concentrations 

would be one-quarter as large as the maximum annual average concentration.   
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Therefore, the MLE adjustment factor was (0.13) × [(0.64 × 1.0) + (0.36 × 0.25)] = 0.095.  The 

MEI scenario assumed that the individual is at home 100 percent of the time, for a final 

adjustment factor of (0.29 × 1.0) = 0.29.  USEPA URFs and adjustment factors are shown in 

Table 3-8. 

 

Cancer risk from benzene, formaldehyde, and the combined HAPs are shown in Table 3-8.  For 

the MLE, an individual could encounter a maximum cancer risk due to benzene of up to 0.16 in 

one million.  The greatest predicted MLE risk due to formaldehyde is 0.00009 in a million.  

Cancer risks are greater for an MEI, with a predicted risk of up to 0.45 due to benzene exposure 

and up to 0.00026 for formaldehyde exposure. 

 

Table 3-8.  Cancer Risk From Long-Term Exposure 

HAP Year Analysis 

Carcinogenic RfC  
URF

 a 

1/( g/m
3
)
 

Exposure 
Adjustment 

Factor 

Cancer 
Risk 
(per 

million) 

Benzene 

2004 
MLE 7.8 × 10

-6
 0.095 0.15 

MEI 7.8 × 10
-6

 0.29 0.45 

2005 
MLE 7.8 × 10

-6
 0.095 0.15 

MEI 7.8 × 10
-6

 0.29 0.47 

2006 
MLE 7.8 × 10

-6
 0.095 0.16 

MEI 7.8 × 10
-6

 0.29 0.49 

Formaldehyde 

2004 
MLE 5.5 × 10

-9
 0.095 0.00009 

MEI 5.5 × 10
-9

 0.29 0.00026 

2005 
MLE 5.5 × 10

-9
 0.095 0.00008 

MEI 5.5 × 10
-9

 0.29 0.00024 

2006 
MLE 5.5 × 10

-9
 0.095 0.00008 

MEI 5.5 × 10
-9

 0.29 0.00023 

Total Combined 
2004 -

2006 

MLE   0.16 

MEI   0.49 

MEI = maximally exposed individual 

g/m3 = micrograms per cubic meter  

MLE = most likely exposure 

URF = unit risk factor 
a
  USEPA Air Toxics Database, Table 1 (USEPA 2005b). 
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4.0 CALPUFF FAR-FIELD (NON-OZONE) ANALYSIS 

4.1. MODELING METHODOLOGY 

The far-field ambient air quality impact assessment was performed to quantify maximum 

pollutant impacts in the vicinity of the CRVFO resulting from construction and production 

emissions.  Receptors for the far-field domain extend up to 250 km from CRVFO oil and gas 

development area and include multiple Class I and sensitive Class II areas.  Modeling and 

analyses were conducted in accordance with the following recent and major guidance sources. 

 

 Direct guidance provided by representatives of the BLM, USFWS, CDPHE, the National 

Park Service, and U.S. Department of Agriculture (USDA) Forest Service 

 Guideline on Air Quality Models, 40 Code of Federal Regulations (CFR), Part 51, 

Appendix W (GPO 2005) 

 Interagency Work Group on Air Quality Modeling (IWAQM) Phase 2 Summary Report 

and Recommendations for Modeling Long Range Transport Impacts, EPA-454/R-98-019, 

Office of Air Quality Planning and Standards, December 1998 (IWAQM 1998)  

 Federal Land Managers - Air Quality Related Values Workgroup (FLAG), Phase I 

Report, December 2000 (FLAG 2000) 

 CALPUFF Reviewer’s Guide (Draft), USDA Forest Service and National Park Service, 

September 2005 (USFS-NPS 2005) 

 Colorado Modeling Guidance for Air Quality Permits, CDPHE – Air Pollution Control 

Division, December 27, 2005 (CDPHE-APCD 2005b) 

The most recent ―regulatory‖ versions of the CALMET/CALPUFF modeling system (CALMET 

Version 5.8 dated June 22, 2007, CALPUFF Version 5.8 dated June 27, 2007) were used to 

develop meteorological variable data fields and calculate both ambient concentrations and 

AQRV impacts (USEPA 2008c). 

 

The modeling domain for this analysis, along with other regional features, is shown in Map 4-1.   

 

The CALPUFF dispersion model was run with CALMET processed 2001–2003 MM5 wind field 

data (provided by the CDPHE) to predict the transport and dispersion of pollutants.  The MM5 

wind field data was processed through CALMET as an ―initial guess‖ wind field and then 

adjusted with actual observation surface and vertical profile data that was collected throughout 

the modeling domain.  The CALMET output product (CALPUFF input) is a three dimensional 

spatially and temporally varying meteorological dataset which includes terrain and land use 

variations.  The CALPUFF model then uses the CALMET derived data set to estimate chemical 

transformations, wet removals of species due to precipitation, dry depositions of species, and 

pollutant transports in order to calculate ambient concentrations and deposition rates at discrete 

locations (receptors) that are input to the model.   

 

Emissions of NOx, CO, SO2, PM10, and PM2.5 from wells from various alternatives and 

cumulative emission sources, including currently operating, proposed, and RFD emissions 

sources within the modeling domain, were modeled.  A description of the emissions inventory 

procedures is included in Chapter 2.0.  
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CALPUFF output was post-processed with POSTUTIL and CALPOST to derive concentrations 

for comparison to ambient standards and Class I and II increments; deposition rates for 

comparison to sulfur (S) and nitrogen (N) deposition thresholds, and to calculate ANC for 

sensitive water bodies; and speciated aerosols/light extinction for comparison to visibility impact 

thresholds in Class I and other sensitive areas.  A discussion of the post-processing methodology 

and predicted results is provided in Section 4.2. 

4.1.1. Model Input 

4.1.1.1. Model Domain and Control File Settings 

The CRVFO CALPUFF model domain is identical to the model domain used for the WRFO 

RMPA air quality analysis.  As shown in Map 4-1, the emissions domain includes four major oil 

and gas production areas (shown with gray shading) in northwestern Colorado and eastern Utah.    

The area within the dashed rectangle is the meteorological domain, while the area within the 

purple rectangle comprises the emissions domain.  Multiple Class I and sensitive Class II areas 

are included in the emissions domain, including the following.   

 Class I areas 

o Arches National Park 

o Eagles Nest WA 

o Flat Tops WA 

o Maroon Bells-Snowmass WA 

o Mount Zirkel WA 

o West Elk WA (partially within emissions domain) 

 Sensitive Class II areas 

o Colorado NM 

o Dinosaur NM 

 

All Class I areas (except for the West Elk WA) and the listed Class II areas were modeled with 

receptors provided by Federal Land Managers (FLMs).  Additional information on receptor 

locations is provided in Section 4.1.3. 

 

The uniform horizontal grid was processed to 3 km resolution, based on a Lambert Conformal 

Projection defined with a central longitude/latitude at (-108.55°, 39.75°) and first and second 

latitude parallels at 38.65°N and 40.85°N.  The 3 km modeling grid is a finer grid than the 

receptor grid (at 4 km and 10 km) in order to better resolve meteorology in complex terrain.  The 

modeling domain covered the Project Area and Class I and other sensitive areas with a 50 km 

buffer zone, which allowed for potential recirculation or flow reversal effects to be evaluated.  

Ten vertical layers existed at heights of 0, 20, 40, 80, 160, 300, 600, 1000, 1500, 2200 and 

3500 m.  The extents of the horizontal grid, which form the extents of the cumulative study area, 

are shown in Map 4-1. 

 

Chemical transformation was based on the MESOPUFF II chemistry for conversion of SO2 to 

SO4 and NOx to HNO3 and NO3.  HNO3 and all gases except for CO were modeled with gaseous 

deposition and SO4, NO3, PM10, and PM2.5 were modeled using particle deposition.  Default 

CALPUFF particle size data to characterize SO4, NO3, PM2.5 and PM10 (filterable) were used. 
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4.1.1.2. Meteorological Data 

National Weather Service (NWS) surface and upper air meteorological data available for the 

CALMET meteorological modeling domain were included in the meteorological data set.  A 

search of meteorological stations using the National Climatic Data Center identified surface and 

precipitation meteorological stations within or near the modeling domain.  From these stations a 

subset of stations were selected based on an annual data count of at least 6,000 hours and their 

distance from the CRVFO and WRFO.  A list of surface and precipitation stations used in this 

analysis is provided in Appendix O.  For upper air vertical profile meteorology, data from the 

Grand Junction, Colorado, station were used.  The meteorological data sets for these stations 

were evaluated for quality and completeness prior to use in the modeling analysis. Standard 

USEPA recommended procedures for assuring a complete data set were implemented.  Map 4-2 

shows the location surface, upper air, and precipitation stations included in the meteorology data 

set. 

 

In addition, a Mesoscale Meteorological Model (MM5) (UCAR 2002) data set was used to 

initialize the CALMET model.  The required MM5 data were extracted from the 2001, 2002, and 

2003 datasets available from CDPHE.  The MM5 data were available in 36 km grid format for 

2001 and 2003, and 12 km grid format for 2002.  These data were adjusted with the actual 

observation surface and vertical profile data by the CALMET model to produce a three 

dimensional spatially and temporally varying meteorological dataset to use in the CALPUFF 

modeling analysis. 

 

To illustrate that the meteorological model depicted air flows reasonably well, plots of wind 

vector fields were generated to show that the CALMET system was properly characterizing wind 

flow patterns, particularly in complex terrain. Two examples of these wind plots are provided in 

Appendix N. 
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Map 4-1.  CALPUFF Model Domain
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Map 4-2.  Meteorological Station Locations 
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4.1.2. Emissions 

4.1.2.1. Project Emissions 

Pollutant emission rates estimated as described in Section 2.0 were input to CALPUFF to predict 

air quality impacts from each of the Alternative emission scenarios.  Emissions from 

construction and production activities throughout the LOP were examined to determine the 

annual period representing maximum annual emissions.  The year 2028 was selected based on 

the greatest emissions occurring during this year for each of the Alternatives.  To be 

conservative, the 2028 emissions inventory for each Alternative assumed that emissions 

representing full production were emitted for the entire year, even though the wells drilled during 

that year would actually emit pollutants over a shorter time period. 

 

Emissions associated with sources located on well pads (other than drill rigs) and unpaved roads 

were modeled as area sources within the specific area of the CRVFO in which they were 

projected to be located based on information provided by the CRVFO.  Area sources were 

positioned and emissions were allocated based on the locations of projected well development.  

Seasonal adjustment factors were applied to compensate for increased gas well-heater use in the 

winter months.  In addition, for fugitive sources, adjustments were made to account for 

precipitation and other meteorological factors.  Fugitive dust particulate emissions due to vehicle 

travel on unpaved roads were not released for the cold and damp months of November through 

April.  CRVFO personnel provided guidance that recommended no unpaved fugitive dust 

emissions occurred during that period because the unpaved CRVFO roads are frozen and snow 

packed or wet due to slow snow melt during the colder months.  

 

Compressor station and drill rig sources were input as point sources with actual expected stack 

parameters at locations that were provided by the BLM NOC. The effective height of 4.0 meters 

and an initial sigma-z of 3.26 meters were release parameter inputs for the CRVFO Project area 

sources. 

4.1.2.2. Cumulative Source Emissions 

A cumulative emissions inventory included emissions from non-Project sources within the 

CALPUFF emissions domain.  The methods used to develop the cumulative emissions inventory 

are described in Section 2.0. 

 

Emissions from cumulative sources were modeled as point sources or as area sources in the 

CALPUFF model.  For facilities with point sources, multiple stacks were combined into a single 

stack to reduce model run-time.  Conservative stack parameters were selected based on the 

potential for the greatest long-range impacts (i.e., greater stack height, greater exhaust flow rate).  

RFFA stationary sources, which include Colorado and Utah permitted sources and well 

development during the inventory extraction period, were modeled as point sources, with the 

exception of several nearby research and development projects, such as the nearby South Taylor 

Mine, and high density oil and gas well operations clusters.  The RFFA sources that were not 

modeled as point sources were modeled as area sources that encompassed the projected and / or 

current development for the expected project (i.e. South Taylor Mine extension).  The RFD 

emissions inventory accounts for actions associated with planned oil and gas well development 

by the BLM or other entities.  The following are the RFD source types that were modeled as 
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point sources: drill rig engines, compressor stations, and gas plants.  Area sources were used to 

model several types of emissions for other RFD sources.  For oil and gas emissions sources, 

these emission releases were either modeled at specific locations (when known) or distributed 

across the high development clustered regions.  Initial dispersion modeling input parameter 

values (e.g., effective height and sigma-z) for all RFD source types were the same as CRVFO 

Project sources modeling input values. 

 

The following sources were considered to be included in ambient air background concentrations 

and were not explicitly modeled. 

 

 Regional paved and unpaved roadway travel not associated with any specific regional 

well development field  

 Biogenic sources 

4.1.3. Receptors 

Model receptors were input to CALPUFF for a gridded Cartesian Class II receptor grid and 

discrete receptors were input for sensitive areas (lakes, scenic views, and Class I and sensitive 

Class II Areas).  For the Class II receptor grid, 4 km gridded receptors were defined for areas 

inside the CRVFO, WRFO and VFO high clustered oil and gas operations development areas 

and extended 20 km beyond the outer boundary of the clustered development areas.  Beyond the 

4 km receptor grid, 10 km receptor spacing was used to extend the receptor grid 50 km or more 

beyond the 4 km grid.  No receptors were placed in some areas of the emissions domain.  

Map 4-3 shows gridded receptor locations and the locations of Class I and sensitive Class II 

areas.  The receptor grids differ from the GSFO Modeling Protocol (BLM-URS 2008b) as 

follows.  

 

 Based on the results from initial modeling showing negligible impacts in the areas of the 

emissions domain farthest removed from the CRVFO, WRFO, and VFO oil and gas 

development areas, some Class II gridded receptors were removed in order to speed modeling 

runs. 

 The following Class I areas were removed from the CALPUFF domain:  Rawah WA, RMNP, 

and West Elk WA.  The Rawah WA and RMNP are beyond the Class II receptor grid and 

emissions domain and are located within the 50 km meteorological buffer in which receptors 

are not generally placed due to concerns about modeling accuracy near the edges of the 

meteorological domain.   RMNP and Rawah are approximately 145 km and 169 km, 

respectively, from the eastern edge of the oil and gas development area—roughly three times 

the 50-km buffer for the model.  These Class I areas are located northeast of the CRVFO, 

while oil and gas activity is in the western part of the CRVFO (Map 4-4).  In addition, three 

modeled Class I areas lie between the CRVFO and both Rawah and RMNP.  Therefore, 

Rawah and RMNP were removed from domain.  In general, concentrations of airborne 

pollutants decrease over distance, and potential impacts at Rawah and RMNP would therefore 

be less than at the closer areas.  Since modeled impacts were not significant at the intervening 

Class I areas, it was not necessary to include the two farther areas.   The West Elk WA lies 

nearly completely within the Class II receptor grid and was modeled with nine Class II 

(evenly spaced gridded) receptors.     
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Map 4-3.  CALPUFF Receptor Locations 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 4-9 

Table 4-1 lists the Class I and sensitive Class II areas included in this analysis and provides the 

approximate distance of each from the nearest CRVFO boundary.  Though not shown on 

Map 4-3, FLM designated receptors specific to each Class I and sensitive Class II area were 

included in the analysis.  For example, Arches NP was included in the analysis and was modeled 

with a set of FLM-approved receptors in addition to the mix of 4 km and 10 km receptors shown 

on Map 4-3.   

 

AQRV impact assessments were not mandatory at sensitive Class II areas located within the 

modeling domain, but were included.  Colorado NM and Dinosaur NM, as well as several 

Colorado scenic views were included as sensitive Class II areas. 

 
Table 4-1.  Distance and Direction to Class I and Sensitive Class II Areas 

Class I Area  
Distance From 
CRVFO (km) 

Direction From 
CRVFO 

Class I Areas   

 Arches NP 121 Southwest 

 Eagles Nest WA On boundary East end 

 Flat Tops WA On boundary North end 

 Maroon Bells-Snowmass WA On boundary South end 

 Mount Zirkel WA 60 North 

     Rocky Mountain National Park 169 Northeast 

     Rawah Wilderness Area 145 North Northeast 

Sensitive Class II Areas   

 Colorado NM 60 Southwest 

 Dinosaur NM 100 Northwest 

 View 57 - Big Mountain 2 Northwest 

 View 71 - Mt Of The Holy Cross Overlook Within boundary N/A 

 View 73 - Holy Cross Wilderness Within boundary N/A 

 View 82 - Rabbit's Ear Trail Overlook 85 West 

 View 85 - Roan Cliffs Overlook Within boundary N/A 

km = kilometer 

N/A = Not applicable. 

 

In addition, discrete receptors were placed at the sensitive lakes listed in Table 4-2, which were 

identified as potentially most sensitive to acid deposition.  

 
Table 4-2.  Distance and Direction to Sensitive Lakes 

Sensitive Lake Area 
Distance From 
CRVFO (km) 

Direction from 
CRVFO 

Avalanche Lake Maroon Bells WA Within boundary N/A 

Moon Lake  Maroon Bells WA Within boundary N/A 

Ned Wilson Lake  Flat Tops WA 10 North 

Seven Lakes Mount Zirkel WA 95 North 

Summit Lake Mount Zirkel WA 56 North 

Trappers Lake Flat Tops WA 7 North 

Upper Ned Wilson Lake Flat Tops WA 10 North 

km = kilometer 

N/A = Not applicable. 
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4.1.4. Background Data 

4.1.4.1. Criteria Pollutants 

Ambient air concentration data collected at monitoring sites in the region provided a measure of 

background conditions in existence at the time that modeling began.  Background values for 

criteria pollutants (PM10, PM2.5, CO, NOx, and SO2) were collected at the monitoring sites 

presented in Table 4-3.  Ambient air background concentrations were added to modeled pollutant 

concentrations (expressed in micrograms per cubic meter [µg/m
3
]) to arrive at total ambient air 

quality impacts for comparison to NAAQS and Colorado Ambient Air Quality Standards 

(CAAQS).  Utah Ambient Air Quality Standards do not differ from the NAAQS. 

4.1.4.2. Chemical Species for Secondary Formation 

The CALPUFF chemistry algorithms required hourly estimates of background ammonia (NH3) 

and ozone concentrations in order to predict the conversion of SO2 and NO/NO2 to sulfates and 

nitrates, respectively.  While ammonia concentrations are thought to be fairly uniform spatially 

and temporally, ozone concentrations vary significantly over time and space.  Hourly ozone data 

from the four ozone monitoring stations shown in Table 4-3 were input to CALPUFF.  A default 

value of 80 parts per billion (ppb) (7 a.m.-7 p.m. mean) was used for missing hours (BLM 

2005b). 
 

Table 4-3.  Ozone Monitoring Stations 

Station County State Station ID Station Type Latitude Longitude 

Centennial Albany WY CNT169 CASTNET 41.36 106.24 

Gothic Gunnison CO GTH161 CASTNET 38.96 106.99 

Mesa Verde NP Montezuma CO MEV405 CASTNET 37.19 108.49 

Rocky Mountain NP Larimer CO ROM406 CASTNET 40.28 105.55 

CASTNET = Clean Air Status and Trends Network, available on http://www.epa.gov/castnet/.   
 

 

The IWAQM Phase II Report recommends a background NH3 concentration of 0.5 ppb for 

forested land and 10 ppb for grassland (IWAQM 1998).  For this modeling analysis, a 

background NH3 concentration of 5 ppb was used during the growing season between April and 

September.  During the dormant season between October and March, a 1 ppb background NH3 

concentration was used. 

4.1.4.3. Visibility 

Visibility is affected by plume impairment (heterogeneous) or regional haze (homogeneous).  

Since potential air pollutant emission sources include many small sources spread over a very 

large area, discrete visible plumes are not likely to impact distant sensitive areas.  At this 

preliminary resource planning stage, the emission sources in this analysis consist of sources that 

do not have a defined location.  In addition, the U.S. Congress has delegated implementation of 

the Clean Air Act (including the determination of ―visual impacts of plumes from present and 

future coal-fired power plants in the Coal Bed Methane emphasis area‖) to applicable local, state 

and tribal air quality regulatory agencies (with USEPA oversight).  These agencies are able to 

determine the visual impact of the plume from individual emission sources during the air quality 

New Source Review (NSR) permitting process.   

Regional haze degradation is caused by fine particles and gases scattering and absorbing light.  

The first level screening analysis for visibility followed the recommendations in the FLAG 2000 
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document, method 2  Specifically, this analysis compares daily modeled primary (PM2.5 and 

PM10), and secondary (sulfate and nitrate) particulate matter concentrations to estimated western 

U.S. existing ―natural‖ background conditions.  Seasonal and daily refined (BLM daily refined 

method) analyses were also conducted based on Class I (or Class II) area specific seasonal 

average natural background light extinction data and actual daily monitored data measurements 

respectively.  The BLM daily refined method compares potential visibility impairment against 

daily monitored background conditions. i.e. ‗current conditions.‘   

Default natural background light extinction values presented in FLAG 2000 are shown in Table 

4-4 below. 

 
Table 4-4.  FLAG 2000 Report Background Values 

Site Season 
Hygroscopic 

a
 

(Mm
-1

) 

Non-
hygroscopic 

a
 

(Mm
-1

) 

Arches NP 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 

Eagles Nest WA 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 

Flat Tops WA 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 

Maroon Bells-Snowmass WA 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 

Mount Zirkel WA 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 

Colorado NM 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 

Dinosaur NM 

Winter 0.6 4.5 

Spring 0.6 4.5 

Summer 0.6 4.5 

Fall 0.6 4.5 
a
 FLAG (2000). 

4.1.4.4. Lake Chemistry 

The most recent lake chemistry background ANC data have been obtained from the U.S. Forest 

Service for each sensitive lake listed in Table 4-2.  The 10
th

-percentile lowest ANC values were 

calculated following the January 2000, USFS Rocky Mountain Region's Screening Methodology 

for Calculating ANC Change to High Elevation Lakes, User's Guide (USDA Forest Service 

2000).  The ANC values proposed for use in this analysis are provided in Table 4-5. 
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Table 4-5.  Background ANC Values for Acid Sensitive Lakes 

Wilderness Area Maroon Bells WA Flat Tops WA Mt. Zirkel WA 

Lake Moon Lake Avalanche 

Ned Wilson 

Lake 

Upper Ned 

Wilson 

Lake 

Trappers 

Lake 

Summit 

Lake 

Seven 

Lakes 

ANC ( eq/l) 132 282 0.07 
a
 0.09 

a
  646.7 

b
 0.10 

a
 0.10 

a
 

 

Watershed area (mi
2
)  0.622 1.506  0.033 0.012 0.463  0.033 0.233 

Watershed area (ha) 161 390 8.5 3.1 120 8.5 60.35 

Precipitation (in) 40 40 40 40 40 40 40 

Precipitation (m) 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Et 0.33 0.33 0.33 0.33 0.33 0.33 0.33 

ANC(o) (eq) 5.64E+04 4.51E+05 2.24E+03 2.71E+02 5.28E+05 2.86E+03 1.51E+04 

Hdep (eq) 9.00 17.53 1.51 0.55 19.96 0.66 3.95 

Source:  Unless otherwise specified, data was provided by Barbara Gauthier of USFS on July 14, 2008. 

eq = equivalent 

ha = hectare 

in = inch 

eq/l = microequivalents per liter 

m = meter 

mi = mile 
a Units for this lake‘s ANC are given as ANC, water, unfiltered, Gran titration, milligrams per liter as calcium 

carbonate.  
b Background ANC data was obtained on January 25, 2007 from http://www.fs.fed.us/waterdata. 

 

4.2. POST-PROCESSING TOOLS AND APPLICATIONS 

4.2.1. CALPOST 

CALPOST was used to process the CALPUFF concentration output files to compute maximum 

concentration values for SO2 (3-hour, 24-hour, and annual average), PM2.5 (24-hour and annual 

average), PM10 (24-hour and annual average), NO2 (1-hour and annual average), nitrate and 

sulfate ions (24-hour).  CALPOST was also used to calculate predicted extinction values and the 

resulting change in visibility according to procedures in FLAG 2000, to produce daily average 

maximum concentrations values data sets for input to the BLM Refined Visibility Analysis 

Workbooks, and to calculate annual S and N deposition values from the POSTUTIL program. 

4.2.2. POSTUTIL 

The POSTUTIL utility provided with the CALPUFF modeling system was used primarily to 

perform two important processing tasks prior to CALPOST processing.  The first was to create 

cumulative concentration and deposition data files by combining Project, regional RFD and 

RFFA CALPUFF output files.  The other task was to process CALPUFF concentration and 

deposition output files in order to create new species files by assigning factors to pollutants. 

Specifically, POSTUTIL was used to calculate S and N concentrations using predicted species 

concentrations containing S and N respectively.  CALPOST was used to summarize the annual S 

and N deposition values from the POSTUTIL program.  Since particulate matter emissions were 

speciated and broken out separately prior to modeling for visibility processing purposes, the 

POSTUTIL utility was used to combine several pollutants to form one that is used for NAAQS 
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(or CAAQS) comparison prior to the CALPOST processing.  For example, PM10 was released as 

a combination of coarse particulate matter (PMC), elemental carbon (EC), organic carbon 

(SOA), soils (SOIL), and other fine particulate matter (PMF).  Therefore, all predicted speciated 

pollutants concentrations were combined to form predicted ambient PM10 concentrations. 

4.2.3. BLM Seasonal and Daily Refined Visibility Analysis Workbooks 

The Seasonal FLAG Screening Spreadsheet (Archer 2003) was used as a screening method to 

calculate predicted extinction values and the resulting change in visibility from estimated natural 

background conditions. The Seasonal FLAG Screening tool uses Class I area (or Class II) 

specific seasonal average natural background light extinction and assumed monthly background 

average f(RH) values to produce representative daily natural background visibility conditions for 

that area. Maximum daily average concentrations of PM10, PM2.5, NO2, SO4
=
, and NO3

-
 that were 

calculated at Arches, Eagles Nest, Flat Tops, Maroon Bells-Snowmass, and Mount Zirkel PSD 

Class I areas, and Colorado NM and Dinosaur NM Class II areas by CALPUFF were input to the 

Seasonal FLAG Refined Analysis tool to estimate refined visibility changes relative to the 

estimated natural background conditions. 

 

Daily FLAG Refined Spreadsheets (Archer 2008a through 2008e) were also used as a refined 

method to calculate predicted extinction values and the resulting change in visibility.  Daily 

speciated PM data were collected at aerosol sampling sites or daily light extinction 

measurements were recorded at monitors.  CALPUFF-predicted maximum daily average 

concentrations of PM10, PM2.5, NO2, SO4
=
, and NO3

-
 for Arches, Eagles Nest, Flat Tops, Maroon 

Bells-Snowmass, and Mount Zirkel PSD Class I areas were input into the Daily FLAG Refined 

Analysis tool to estimate refined visibility changes relative to the collected background data. 

4.3. FAR-FIELD ASSESSMENT OF AIR QUALITY IMPACTS 

Far-field assessments of air quality impacts included assessments of NO2, CO, PM10, PM2.5, and 

SO2, as well as assessments of AQRVs.  Criteria pollutant assessments are described first, 

followed by the following AQRVs:  visibility, deposition, and lake chemistry. 

 

Seven far-field assessment scenarios are presented in the following results.  The first three 

assessment scenarios provide predicted air quality impacts from CRVFO BLM sources (Project 

only sources) for each of the three distinct Alternatives (A, B/C, and D).  On a Project-level 

basis, emissions from Alternatives B and C are identical and so are their Project impacts.  

Detailed results for these Alternatives are presented in Appendix G.  A summary of the levels of 

development associated with each Alternative is provided in Table 2-2, while air quality 

management actions associated with these Alternatives are presented in Table 2-3. 

 

A second set of assessment scenarios analyze air quality impacts attributable to emissions from 

each CRVFO BLM Alternative combined with cumulative emissions.  Each of these four 

scenarios includes emissions for a single CRVFO Alternative paired with a similar WRFO 

Alternative, as well as RFFA and VFO and LSFO emissions.  CRVFO and WRFO Alternative 

pairings were determined jointly by CRVFO and WRFO personnel and are shown below.   
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Appendix H Representation: 

 Alternative A:  CRVFO Alternative A with WRFO Alternative A 

 Alternative B:  CRVFO Alternative B/C with WRFO Alternative B 

 Alternative C:  CRVFO Alternative B/C with WRFO Alternative C 

 Alternative D:  CRVFO Alternative D with WRFO Alternative D 

 

Appendix H provides a summary of the air quality impacts associated with each CRVFO 

Alternative and associated cumulative emissions. 

 

CALPUFF output concentrations from multiple modeling runs were post-processed with 

POSTUTIL and CALPOST to determine concentrations for comparison to the NAAQS, PSD 

increments, and AQRVs. 

4.3.1. Criteria Pollutants 

Predicted criteria pollutant concentrations were compared with applicable NAAQS and with 

CAAQS when the Colorado standards are more stringent or have different averaging times than 

the NAAQS, as shown in Table 3-4.  Comparisons to the O3 standard were performed using 

CAMx modeling results and are described in Section 5.0 of this air quality assessment. 

 

Far-field modeling results were also compared to applicable PSD Class I or Class II increments.  

However, all comparisons to PSD increments were made to identify potential significance, and 

do not represent a Regulatory Increment Consumption analysis. 

 

For each criteria pollutant modeled with CALPUFF, two tables are included in Appendices G 

and H.  One table presents maximum predicted concentrations and NAAQS (and PSD increment, 

when applicable) comparisons based on air quality impacts resulting from CRVFO BLM source 

emissions, while the other table presents impacts resulting from combined CRVFO BLM and 

cumulative emissions.  In each table, maximum concentrations modeled applicable to the 

NAAQS during each year (2001 through 2003) are provided for each Alternative and for each 

Class I and sensitive Class II area included in the analysis.  Of these values, the maximum 

CALPUFF modeled concentration during the three-year period is identified and compared to the 

PSD increment.  The maximum CALPUFF modeled concentration is summed with the 

background concentration prior to comparison with the NAAQS. 

 

In addition, predicted concentrations are also provided for the extensive set of gridded receptors 

(with 4 km spacing) shown in Map 4-3.  The gridded receptor grouping shown at the bottom of 

each table includes many receptors within the CRVFO area where CRVFO natural gas drilling, 

construction, and production sources will be located.  The gridded receptors are also located 

throughout the high natural gas development area within the WRFO and VFO. 

  

In order to provide a brief summary of air quality impacts within the main text of this AQTSD, 

the maximum of the maximum Class I, sensitive Class II, and gridded Class II air quality impacts 

are summarized below.  This maximum is the maximum impact over the three-year period at any 

receptor in each type of area (Class I, sensitive Class II, and gridded Class II) for the Alternative 

with the greatest predicted impact.  Typical air quality impacts are much lower.  Readers are 

encouraged to review the referenced tables in the Appendices G and H to see the range of 

estimated air quality impacts. 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 4-15 

4.3.1.1. NO2 

1-Hour Impacts 

Table 4-6 provides a summary of the maximum predicted 1-hour NO2 air quality impacts.  As 

mentioned earlier, the 1-hour NO2 NAAQS is a new standard and USEPA and state air quality 

agencies are currently developing modeling guidance.  As of May 2010, detailed modeling 

guidance for 1-hour NO2 CALPUFF modeling had not been developed by USEPA.  

Furthermore, ambient monitoring data had not been provided in a format specific to the new 

standard.  The following total 1-hour NO2 concentrations were calculated by summing the three-

year average of the eighth-highest modeled concentration (identified on a receptor-by-receptor 

basis) with the eighth-highest 1-hour background concentration based on data from a monitor in 

southwestern Colorado.   

 

Project Only:  Project impacts due to CRVFO BLM sources result in small increases in NO2 

concentrations at Class I and sensitive Class II areas.  At these receptors, total Project 

concentrations are less than 20 percent of the NAAQS.   

 

With regard to Class II gridded receptors, the predicted total Project concentration for all 

Alternatives are below the NAAQS at all receptors.  Alternative A has the greatest Class II 

gridded receptor concentration, which is 42 percent of the NAAQS.   

 

Cumulative:  Cumulative 1-hour NO2 predicted concentrations at Class I and sensitive Class II 

areas are also well below the NAAQS.  However, the maximum predicted concentrations at 

gridded Class II receptors are significantly above the 1-hour NO2 standard.  All four Alternatives 

have nearly identical predicted 1-hour concentrations for receptors with the greatest modeled 

concentrations.  The lack of variation among the Alternatives indicates that Project source 

impacts are relatively insignificant compared to other sources in the cumulative analysis.  The 

eighth-highest predicted total concentration is approximately 873 g/m
3
; this concentration and 

other high predicted concentrations are largely attributable to RFFA sources.  Figure 4-1 shows a 

contour plot for Alternative D as an example; this Alternative is similar to contour plots for the 

other three cumulative Alternative scenarios.  The contour plot shows the extent of high NO2 

concentrations, which are usually located near high NO2-emitting RFFA sources (shown as red 

dots with black text indicating NO2 emission rates).  Modeled locations of future compressor 

stations associated with oil and gas development in the CRVFO are also shown.  Specific siting 

of future compressor stations will be determined by a variety of factors, including air quality 

modeling to demonstrate NAAQS compliance. 

 

The new 1-hour NO2 NAAQS is considered to be a stringent standard that some existing 

facilities such as power plants and compressor stations may currently be exceeding.  State and 

local air quality agencies will likely review existing facilities with high NO2 emission rates and 

may request new modeling from these facilities to demonstrate compliance with the new 

standard.  Existing facilities determined to exceed the new standard will be required to reduce 

NO2 emissions, which will reduce NO2 emissions and ambient concentrations in future years.  

New facilities with significant NO2 emissions, including those associated with CRVFO oil and 

gas development, will be required to demonstrate compliance with the 1-hour NO2 standard prior 

to construction. 
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Table 4-6.  Maximum 1-Hour NO2 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], 
%) 

Class I   None   
189 

[100] 

 Maroon Bells-  

   Snowmass WA / A 
Project 

1.23 

[0. 652] 
N/A 

32.08 

[17.0] 

33.31 

[17.65] 
18% 

 Flat Tops WA /D Cumulative 
2.46 

[1.30] 
N/A 

32.08 

[17.0] 

34.54 

[18.30] 
18% 

Sensitive Class II   None   
189 

[100] 

 Dinosaur NM/ A Project 
0.06 

[0.03] 
N/A 

32.08 

[17.0] 

32.14 

[17.03] 
18% 

 Dinosaur NM / D Cumulative 
4.08 

[2.16] 
N/A 

32.08 

[17.0] 

36.16 

[19.16] 
19% 

Gridded Class II   None   
189 

[100] 

   A Project 
46.75 
[24.8] 

N/A 
32.08 

[17.0] 

78.83 

[41.78] 
42% 

   A, B, C, D Cumulative 
841.13 

[445.8] 
N/A 

32.08 

[17.0] 

873.21 

[462.8] 
462% 

Conc. = concentration g/m3 = micrograms per cubic meter 

ppm = parts per million 
a No PSD increments have been set for the 1-hour NO2 NAAQS. 
b The NAAQS is the same for all areas and is shown in italics. 
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Figure 4-1.  CRVFO Cumulative Alternative D 1-Hour NO2 Total Concentration (NAAQS = 189 g/m3) 
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Annual Impacts 

Project Only:  Table 4-7 provides a summary of the maximum annual NO2 air quality impacts.  

Project impacts due to CRVFO BLM sources result in small increases in NO2 concentrations and 

have little impact on total concentrations when added to background concentrations.  All Project 

impacts are well below PSD increments and the NAAQS.  The Alternative A Project emissions 

scenario results in the largest NO2 impacts at Class I and sensitive Class II areas, which occur in 

the Flat Tops WA and the Dinosaur NM, respectively. 

 

Cumulative:    Cumulative annual NO2 impacts at Class I and sensitive Class II areas are also 

well under the PSD increment and the NAAQS.  However, the maximum cumulative impact at a 

Class II gridded receptor is 32 percent above the PSD Class II increment, though still well below 

the NAAQS. 
Table 4-7.  Maximum Annual NO2 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], %) 

Class I   
2.5 

[1.33] 
  

100 

[53] 

 Flat Tops WA / A Project 
0.03 

[0.02] 
1% 

30.6 

[16.22] 

30.63 

[16.24] 
31% 

   Flat Tops WA / D Cumulative 
0.13 

[0.07] 
5% 

30.6 

[16.22] 

30.73 

[16.29] 
31% 

Sensitive Class II   
2.5 

[1.33] 
  

100 

[53] 

 Dinosaur NM / A Project 
0.002 

[0.0011] 
1% 

30.6 

[16.22] 

30.60 

[16.22] 
31% 

 Dinosaur NM / D Cumulative 
0.27 

[0.14] 
11% 

30.6 

[16.22] 

30.87 

[16.36] 
31% 

Gridded Class II   
25 

[13.3] 
  

100 

[53] 

 D Project 
0.76 

[0.40] 
30% 

30.6 

[16.22] 

31.36 

[16.62] 
31% 

   C, D Cumulative 
33.0 

[17.49] 
132% 

30.6 

[16.22] 

63.59 

[33.71] 
64% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 

ppm = parts per million 
a The PSD increments are provided in italics for each type of area.  Predicted concentrations for sensitive Class II areas are 

compared to the PSD increment for a Class I area. 
b The NAAQS is the same for all areas and is shown in italics. 

4.3.1.2. PM10 

24-Hour Impacts 

Project Only:  Table 4-8 provides a summary of the maximum 24-hour PM10 air quality 

impacts.  Project impacts due to CRVFO BLM sources result in increases in PM10 

concentrations.  All Project impacts are well under the applicable PSD increment and the 

NAAQS at Class I and sensitive Class II areas, though Class II gridded receptor impacts are 

above the Class II PSD increment.  The Alternative A emissions scenario results in the largest 
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PM10 impacts at Class I and sensitive Class II areas, which occur in the Flat Tops WA and the 

Dinosaur NM, respectively. 

 
Table 4-8.  Maximum 24-Hour PM10 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3
) 

PSD 
Increment 

a
 

( g/m
3
, %) 

Back-
ground 
Conc. 

( g/m
3
) 

Max. 
Total 
Conc. 

( g/m
3
) 

NAAQS 
b
 

( g/m
3
, 

%) 

Class I   8   150 

 Flat Tops WA / A Project 1.49 19% 56 57.49 38% 

   Flat Tops WA / D Cumulative 2.00 25% 56 58.00 39% 

Sensitive Class II   8   150 

 Dinosaur NM / A Project 0.19 2% 56 56.19 37% 

 Dinosaur NM / C Cumulative 3.81 48% 56 59.81 40% 

Gridded Class II   30   150 

 A Project 48.93 163% 56 104.93 70% 

 A Cumulative 205.33 684% 56 261.33 365% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 
a The PSD increments are provided in italics for each type of area.  Predicted concentrations for sensitive Class II areas are 

compared to the PSD increment for a Class I area. 
b The NAAQS is the same for all areas and is shown in italics.  Compliance with the 24-hour PM10 NAAQS is based on the 

second-highest annual maximum. 

 

Cumulative:  Cumulative impacts at Class I, sensitive Class II, and gridded Class II areas are 

above the PSD increments.  While cumulative Class I and sensitive Class II impacts are well 

below the NAAQS, the maximum cumulative gridded Class II impact for Alternative A is well 

above the NAAQS.  This is also true for Alternatives B, C, and D.  Figure 4-2 provides an 

illustration of high predicted PM10 areas, which are shown in rose and white colors, for 

Alternative A and cumulative emissions.  Within the modeling domain, 24-hour PM10 

concentrations at several gridded receptors are predicted to exceed the NAAQS.  

 

Figure 4-3 shows predicted total 24-hour PM10 concentrations for Alternative B; plots for 

Alternatives C and D are similar to the Alternative B plot.  As shown in Figure 4-3, the extent of 

high PM10 concentrations is reduced in comparison to Alternative A (the maximum second 

highest modeled concentration is at least 29 ug/m
3
 lower than Alternative A).  Alternatives B, C, 

and D include management actions designed to reduce fugitive dust emissions and total PM10 

emissions from these Alternatives are less than PM10 emissions from Alternative A.  It is 

important to note that, for Alternatives B, C, and D, concentrations above the NAAQS are 

predicted only in an area near the South Taylor Project Mine.  This mine is located along the 

border of the White River and the Little Snake Field Offices, and is not within the jurisdiction or 

decision-space of the CRVFO. Therefore, since the significant impacts occurred at a localized 

area not within or affected by the CRVFO area and activities for Alternative B, C, and D, no 

additional mitigation is required. No 24-hour PM10 exceedances are predicted within the 

CRVFO.
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Figure 4-2.  CRVFO Cumulative Alternative A 24-Hour PM10 Total Concentration (NAAQS = 150 g/m3) 
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Figure 4-3.  CRVFO Cumulative Alternative B 24-Hour PM10 Total Concentration (NAAQS = 150 g/m3) 
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Annual Impacts 

Project:  Table 4-9 provides a summary of the maximum annual PM10 air quality impacts.  

Project impacts due to CRVFO BLM sources result in small increases in PM10 concentrations at 

Class I and sensitive Class II areas, though the maximum increase is more significant at Class II 

gridded areas.  All Project impacts are well below the applicable PSD increment in all areas.  

The Alternative A emissions scenario results in the largest annual PM10 impacts at Class I and 

sensitive Class II areas, which occur in the Flat Tops WA and the Dinosaur NM, respectively. 

 

Cumulative:  Maximum cumulative annual impacts at Class I and sensitive Class II areas are 

well below the PSD increments, although the maximum Class II gridded concentration is above 

the PSD increment.  While cumulative Class I and sensitive Class II impacts are well below the 

NAAQS, the maximum predicted cumulative annual gridded Class II impact for Alternative D is 

above the NAAQS.  This is also true for Alternatives A, B, and C.   The greatest cumulative 

annual PM10 concentrations do not vary perceptibly from one another, indicating that differences 

among the Alternatives have little impact on cumulative impacts. 

 
Table 4-9.  Maximum Annual PM10 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3
) 

PSD 
Increment 

a
 

( g/m
3
, %) 

Back-
ground 
Conc. 

( g/m
3
) 

Max. 
Total 
Conc. 

( g/m
3
) 

CAAQS 
b
 

( g/m
3
, 

%) 

Class I   4   50 

 Flat Tops WA / A Project 0.09 2% 30 30.09 60% 

 Maroon Bells- 

   Snowmass WA / A 
Cumulative 0.46 11% 30 30.46 61% 

Sensitive Class II   4   50 

 Dinosaur NM / A Project 0.02 1% 30 30.02 60% 

 Dinosaur NM / D Cumulative 0.74 19% 30 30.74 61% 

Gridded Class II   17   50 

 A Project 13.18 78% 30 43.18 86% 

 D Cumulative 50.50 297% 30 80.50 161% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 
a The PSD increments are provided in italics for each type of area.  Predicted concentrations for sensitive Class II areas are 

compared to the PSD increment for a Class I area. 
b The NAAQS is the same for all areas and is shown in italics. 

4.3.1.3. PM2.5 

24-Hour Impacts 

Table 4-10 provides a summary of the maximum 24-hour PM2.5 air quality impacts.   

Project:  Project impacts due to CRVFO BLM sources result in increases in PM2.5 

concentrations.  All Project impacts are well below the applicable NAAQS at Class I, sensitive 

Class II, and gridded receptor Class II areas.  All Project impacts are below the applicable PSD 

increment in all areas.   The Alternative A Project emissions scenarios result in the largest 24-

hour PM2.5 impacts at Class I and sensitive Class II areas, which occur in the Flat Tops WA and 

the Dinosaur NM, respectively. 
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Table 4-10.  Maximum 24-Hour PM2.5 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3
) 

PSD 
Increment 

a
 

( g/m
3
, %) 

Back-
ground 
Conc. 

( g/m
3
) 

Max. 
Total 
Conc. 

( g/m
3
) 

NAAQS 
b
 

( g/m
3
, 

%) 

Class I   2   35 

 Flat Tops WA / A Project 0.13 6% 24 24.13 69% 

   Flat Tops WA / D Cumulative 0.83 41% 24 24.83 71% 

Sensitive Class II   2   35 

 Dinosaur NM / A Project 0.04 2% 24 24.04 69% 

 Dinosaur NM / D Cumulative 1.65 82% 24 25.65 73% 

Gridded Class II   9   35 

 A Project 5.80 64% 24 29.80 85% 

 D Cumulative 38.26 425% 24 62.26 178% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 
a USEPA has not set 24-hour PM2.5 PSD increments, though the agency proposed a Class I increment of 2 g/m3 and a Class II 

increment of 9 g/m3 (USEPA, 2006). 
b The NAAQS is the same for all areas and is shown in italics.  Compliance with the 24-hour PM2.5 NAAQS is based on the 

eighth-highest three year average maximum.  

 

 

Cumulative:  While cumulative Class I and sensitive Class II 24-hour PM2.5 impacts are below 

the NAAQS, the maximum cumulative total concentration for each Alternative is predicted to be 

above the NAAQS for gridded Class II receptors, and above the PSD increment at gridded Class 

II receptors.  The highest predicted PM2.5 concentration for each Alternative occurs in an area 

surrounding a coal mine, as shown in Figure 4-4.  Areas shown shaded in rose and white have 

predicted concentrations above the NAAQS.
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Figure 4-4.  CRVFO Cumulative Alternative D 24-Hour PM2.5 Total Concentration (NAAQS = 35 g/m3) 
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Annual Impacts 

Project:  Table 4-11 provides a summary of the maximum annual PM2.5 air quality impacts.  

Project impacts due to CRVFO BLM sources result in small increases in PM2.5 concentrations at 

Class I and sensitive Class II areas, though the maximum increase is more significant at Class II 

gridded areas.  The Alternative A emissions scenario results in the largest Project PM2.5 impacts 

at Class I and sensitive Class II areas, which occur in the Flat Tops WA and the Dinosaur NM, 

respectively.  All Project impacts are below the applicable PSD increment in all areas.    

 

Cumulative:  While cumulative Class I and sensitive Class II impacts are well below the 

NAAQS for all Alternatives, the maximum cumulative gridded Class II impacts for all 

Alternatives are above the NAAQS, and above the PSD increment at gridded Class II receptors.   

The greatest cumulative annual PM2.5 concentrations do not vary more than 0.01 g/m
3
 from one 

another, indicating that differences among the Alternatives have little impact on cumulative 

concentrations. 

 
Table 4-11.  Maximum Annual PM2.5 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3
) 

PSD 
Increment 

( g/m
3
, %) 

Back-
ground 
Conc. 

( g/m
3
) 

Max. 
Total 
Conc. 

( g/m
3
) 

NAAQS 
b
 

( g/m
3
, 

%) 

Class I   1   15 

 Flat Tops WA / A Project 0.02 2% 9 9.02 60% 

 Flat Tops WA / D Cumulative 0.18 9% 9 9.18 61% 

Sensitive Class II   1   15 

 Dinosaur NM / A Project 0.01 1% 9 9.01 60% 

 Dinosaur NM / D Cumulative 0.44 44% 9 9.45 63% 

Gridded Class II   4   15 

 A Project 1.78 44% 9 10.78 72% 

 D Cumulative 8.66 216% 9 17.66 118% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 
b The NAAQS is the same for all areas and is shown in italics. 

4.3.1.4. SO2 

Four averaging times were analyzed when determining SO2 air quality impacts:  1-hour, 3-hour, 

24-hour, and annual averages.  The SO2 NAAQS is in transition due to the new 1-hour SO2 

standard, which became effective on August 23, 2010 (GPO 2010g).  The 1-hour standard 

replaces the 3-hour, 24-hour, and annual primary SO2 standards.  However, the 3-hour standard 

remains effective at the federal level as a secondary NAAQS.  The 1-hour standard is set at 

75 ppb, which is equivalent to 195.5 g/m
3
.  Compliance with the 1-hour standard is determined 

using the three-year average of the 99
th

 percentile of 1-hour daily maximum SO2 concentrations.  

The 3-hour, 24-hour, and annual primary standards remain in effect until USEPA promulgates 

attainment/nonattainment designations for the new 1-hour SO2 standard.  Consequently, 

modeling results are shown for these older standards.  Furthermore, the 24-hour and annual SO2 

PSD increments still remain in effect. 

 

Project:  For all averaging times, maximum Project impacts are below the NAAQS and the more 

stringent 700 g/m
3
 3-hour CAAQS.  Maximum Project impacts are also less than 1 percent of 

the PSD increments for applicable areas and applicable averaging times.  Table 4-12, Table 4-13, 

Table 4-14, and Table 4-15 provide summaries of the maximum impacts for the 1-hour, 3-hour, 
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24-hour, and annual averaging times, respectively.  Tables G-7 through G-10 of Appendix G 

provide detailed results. 

 

Cumulative:  With regard to cumulative impacts, SO2 modeled concentrations for all averaging 

times are below the PSD increments and the NAAQS and CAAQS.  However, predicted 

maximum concentrations for cumulative impacts for Alternatives A, B, C, and D are nearly 

identical and are approximately 95 percent of the NAAQS.  Tables H-7 through H-10 of 

Appendix H provide detailed results. 

 
Table 4-12.  Maximum 1-Hour SO2 Air Quality Impacts 

Area and 
Alternative with 
the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], %) 

Class I   None   
195 

[0.075] 

 Maroon Bells- 

   Snowmass WA / A 
Project 

0.0118 

[4.54E–06] 
N/A 

80.82 

[0.0311] 

80.83 

[0.0311] 
42% 

 Flat Tops WA / D Cumulative 
0.0911 

[3.50E–05] 
N/A 

80.82 

[0.0311] 

80.91 

[0.0311] 
41% 

Sensitive Class II   None   
195 

[0.075] 

   Dinosaur NM / D Project 
0.0005 

[1.92E–07] 
N/A 

80.82 

[0.0311] 

80.82 

[0.0311] 
41% 

   Dinosaur NM / D Cumulative 
0.4262 

[1.64E–04] 
N/A 

80.82 

[0.0311] 

81.25 

[0.0311] 
42% 

Gridded Class II   None   
195 

[0.075] 

   D Project 
0.3836 

[1.48E–04] 
N/A 

80.82 

[0.0311] 

81.20 

[0.0311] 
42% 

   D Cumulative 
105.74 

[4.07E–02] 
N/A 

80.82 

[0.0311] 

186.56 

[0.0718] 

95% 

Conc. = concentration 

g/m3 = micrograms per cubic meter  

ppm = parts per million 
a No PSD increment has been promulgated for the 1-hour SO2 standard.  However, the 24-hour and annual SO2 PSD increments 

are still effective. 
b The NAAQS is the same for all areas and is shown in italics.  Compliance with the 1-hour SO2 NAAQS is based on the three-

year average of the 99
th

 percentile of 1-hour daily maximum SO2 concentrations. 
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Table 4-13.  Maximum 3-Hour SO2 Air Quality Impacts 

Area and 
Alternative with 
the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], %) 

Class I   
25 

[0.0096] 
  

1300 [0.5] 

(700 [0.27]) 

 Maroon Bells- 

   Snowmass WA / A 
Project 

0.010 

[3.85E–06] 
0.04% 

66.6 

[0.0256] 

66.61 

[0.0256] 

5% 

(10%) 

 Flat Tops WA / D Cumulative 
0.091 

[3.50E–06] 
0.37% 

66.6 

[0.0256] 

66.69 

[0.0256] 

5% 

(10%) 

Sensitive Class II   
25 

[0.0096] 
  

1300 [0.5] 

(700 [0.27]) 

 Colorado NM / D Project 
0.001 

[3.85E–07] 
0.004% 

66.6 

[0.0256] 

66.60 

[0.0256] 

5% 

(10%) 

 Dinosaur NM / D Cumulative 
0.389 

[1.50E–04] 
1.55% 

66.6 

[0.0256] 

66.99 

[0.0257] 

5% 

(10%) 

Gridded Class II   
512 

[0.197] 
  

1300 [0.5] 

(700 [0.27]) 

 D Project 
0.26 

[1.00E–04] 
0.05% 

66.6 

[0.0256] 

66.86 

[0.0257] 

5% 

(10%) 

 D Cumulative 
92.76 

[3.57E–02] 
18.12% 

66.6 

[0.0256] 

159.36 

[0.0613] 

12% 

(23%) 

Conc. = concentration 

g/m3 = micrograms per cubic meter 

ppm = parts per million 
a The PSD increments are provided in italics for each type of area.  Predicted concentrations for sensitive Class II areas are 

compared to the PSD increment for a Class I area. 
b The NAAQS is the same for all areas and is shown in italics.  The CAAQS is more stringent than the NAAQS and is set at 

700 g/m
3
.  Compliance with the 3-hour SO2 NAAQS is based on the second-highest annual maximum. 
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Table 4-14.  Maximum 24-Hour SO2 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], 
%) 

Class I   
5 

[0.0019] 
  

365 

[0.140] 

 Maroon Bells- 

   Snowmass WA / A 
Project 

0.002 

[7.69E–07] 
0.04% 

34.6 

[0.0133] 

34.60 

[0.0133] 
9% 

 Flat Tops WA / D Cumulative 
0.025 

[9.62E–06] 
0.50% 

34.6 

[0.0133] 

34.62 

[0.0133] 
9% 

Sensitive Class II   
5 

[0.0019] 
  

365 

[0.140] 

 Colorado NM / D Project 
0.0003 

[1.15E–07] 
0.006% 

34.6 

[0.0133] 

34.60 

[0.0133] 
9% 

 Dinosaur NM / D Cumulative 
0.077 

[2.96E–05] 
1.53% 

34.6 

[0.0133] 

34.68 

[0.0133] 
9% 

Gridded Class II   
91 

[0.035] 
  

365 

[0.140] 

 D Project 
0.042 

[1.62E–05] 
0.05% 

34.6 

[0.0133] 

34.64 

[0.0133] 
9% 

 D Cumulative 
23.365 

[8.99E–03] 
25.68% 

34.6 

[0.0133] 

57.97 

[0.0223] 
16% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 

ppm = parts per million 
a The PSD increments are provided in italics for each type of area.  Predicted concentrations for sensitive Class II areas are 

compared to the PSD increment for a Class I area.   
b The NAAQS is the same for all areas and is shown in italics.  Compliance with the 24-hour SO2 NAAQS is based on the 

second-highest annual maximum.  
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Table 4-15.  Maximum Annual SO2 Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], 
%) 

Class I   
2 

[0.0008] 
  

80 

[0.030] 

 Maroon Bells- 

   Snowmass WA / A, D 
Project 

0.0002 

[7.69E–08] 
0.01% 

5.3 

[0.0020] 

5.30 

[0.0020] 
7% 

 Flat Tops WA / D Cumulative 
0.0039 

[1.50E–06] 
0.20% 

5.3 

[0.0020] 

5.30 

[0.0020] 
7% 

Sensitive Class II   
2 

[0.0008] 
  

80 

[0.030] 

 Both NMs / All  

   Alternatives 
Project 

0.0000 

[Negl.] 
Negl. 

5.3 

[0.0020] 

5.30 

[0.0020] 
7% 

 Dinosaur NM / D Cumulative 
0.0151 

[5.81E–06] 
7.55% 

5.3 

[0.0020] 

5.32 

[0.0020] 
7% 

Gridded Class II   
20 

[0.0077] 
  

80 

[0.030] 

 A Project 
0.0040 

[1.54E–06] 
0.02% 

5.3 

[0.0020] 

5.30 

[0.0020] 
7% 

   D Cumulative 
3.1017 

[1.19E–03] 
15.51% 

5.3 

[0.0020] 

8.40 

[0.0032] 
10% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 

ppm = parts per million 
a The PSD increments are provided in italics for each type of area.  Predicted concentrations for sensitive Class II areas are 

compared to the PSD increment for a Class I area. 
b The NAAQS is the same for all areas and is shown in italics. 

4.3.1.5. CO 

1-Hour Impacts 

Project:  Table 4-16 provides a summary of the maximum 1-hour CO air quality impacts.  

Project impacts due to CRVFO BLM sources result in small increases in CO concentrations and 

have little impact on total concentrations when added to background concentrations.  All Project 

impacts are well under the NAAQS. 

 

Cumulative:  Cumulative 1-hour CO impacts at Class I and sensitive Class II areas are also well 

under the NAAQS.  
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Table 4-16.  Maximum 1-Hour CO Air Quality Impacts 

Area and Alternative 
with the Greatest 
Predicted Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], 
%) 

Class I   None   
40,000 

[35] 

 Maroon Bells-  

   Snowmass WA/ A 
Project 

5.14 

[0.004] 
N/A 

4,656 

[4.074] 

4,662 

[4.078] 
12% 

   Maroon Bells- 

   Snowmass WA / D 
Cumulative 

14.84 

[0.013] 
N/A 

4,656 

[4.074] 

4,671 

[4.087] 
12% 

Sensitive Class II   None   
40,000 

[35] 

 Colorado NM / A Project 
0.80 

[0.001] 
N/A 

4,656 

[4.074] 

4,657 

[4.075] 
12% 

   Dinosaur NM / C Cumulative 
20.97 

[0.018] 
N/A 

4,656 

[4.074] 

4,677 

[4.092] 
12% 

Gridded Class II   None   
40,000 

[35] 

 A Project 
290.9 

[0.255] 
N/A 

4,656 

[4.074] 

4,947 

[4.329] 
12% 

   C Cumulative 
1,424 

[1.246] 
N/A 

4,656 

[4.074] 

6,081 

[5.320] 
15% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 

ppm = parts per million 

a No PSD increments have been set for the 1-hour CO NAAQS. 
b The NAAQS is the same for all areas and is shown in italics. 

 

8-Hour Impacts 

Project:  Table 4-17 provides a summary of the maximum 8-hour CO air quality impacts.  

Project impacts due to CRVFO BLM sources result in small increases in CO concentrations and 

have little impact on total concentrations when added to background concentrations.  All Project 

impacts are well under the NAAQS.  The Alternative A Project emissions scenario results in the 

largest CO impacts at Class I and sensitive Class II areas, which occur in the Maroon Bells-

Snowmass WA and the Colorado NM, respectively. 

 

Cumulative:  Cumulative 8-hour CO impacts at Class I, sensitive Class II, and gridded Class II 

areas are also well under the NAAQS. 
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Table 4-17.  Maximum 8-Hour CO Air Quality Impacts 

Area and 
Alternative with the 
Greatest Predicted 
Impact Assessment 

Max. 
Modeled 

Conc. 

( g/m
3 

[ppm]) 

PSD 
Increment 

a
 

( g/m
3 

[ppm], %) 

Back-
ground 
Conc. 

( g/m
3
 

[ppm[) 

Max. 
Total 
Conc. 

( g/m
3 

[ppm])  

NAAQS 
b
 

( g/m
3 

[ppm], %) 

Class I   None   
10,000 

[9] 

 Maroon Bells- 

   Snowmass WA / A 
Project 

1.83 

[1.60E–03] 
N/A 

2,328 

[2.037] 

2,330 

[2.039] 
23% 

   Flat Tops WA / D Cumulative 
6.16 

[5.39E–03] 
N/A 

2,328 

[2.037] 

2,334 

[2.042] 
23% 

Sensitive Class II   None   
10,000 

[9] 

 Colorado NM / A Project 
0.27 

[2.36E–04] 
N/A 

2,328 

[2.037] 

2,328 

[2.037] 
23% 

 Dinosaur NM / D Cumulative 
9.65 

[8.44E–03] 
N/A 

2,328 

[2.037] 

2,338 

[2.045] 
23% 

Gridded Class II   None   
10,000 

[9] 

 A Project 
48.4 

[4.24E–02] 
N/A 

2,328 

[2.037] 

2,377 

[2.079] 
24% 

   C, D Cumulative 
281 

[2.46E–01] 
N/A 

2,328 

[2.037] 

2,609 

[2.283] 
26% 

Conc. = concentration 

g/m3 = micrograms per cubic meter 

ppm = parts per million 
a No PSD increments have been set for the 8-hour CO NAAQS. 
b The NAAQS is the same for all areas and is shown in italics. 

4.3.2. Visibility 

Visibility is affected by plume impairment (heterogeneous) or regional haze (homogeneous).  

Since potential air pollutant emission sources include many small sources spread over a large 

area, discrete visible plumes are not likely to impact distant sensitive areas.  At this preliminary 

resource planning stage, the emission sources in this analysis consist of sources that do not have 

a defined location.  In addition, the U.S. Congress has delegated implementation of the Clean Air 

Act (including the determination of ―visual impacts of plumes from present and future coal-fired 

power plants in the Coal Bed Methane emphasis area‖) to applicable local, state and tribal air 

quality regulatory agencies (with USEPA oversight).  These agencies are able to determine the 

visual impact of the plume from individual emission sources during the NSR air quality 

permitting process.  Therefore, this analysis focuses on visibility impairment due to regional 

haze.  Visibility changes are assessed at Class I areas, sensitive Class II areas, and at some 

Colorado Scenic Views.  Map 4-4 illustrates the locations of the Colorado Scenic Views. 
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Map 4-4.  Colorado Scenic Views Included in Visibility Analysis 
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Regional haze is caused by fine particles and gases scattering and absorbing light.  Potential 

changes to regional haze were calculated in terms of the level of perceptible change in visibility 

when compared to background conditions.  A 1.0 deciview (dv) change is considered potentially 

significant in mandatory Federal PSD Class I areas as described in the USEPA Regional Haze 

Regulations (40 CFR §51.300 et seq.), and originally presented in Pitchford and Malm (1994).  

A 1.0-dv change is defined as approximately a 10 percent change in the extinction coefficient 

(corresponding to a 2 to 5 percent change in contrast, for a black target against a clear sky, at the 

most optically sensitive distance from an observer), which is a small but noticeable change in 

haziness under most circumstances when viewing scenes in mandatory Federal Class I areas.   

 

The FLAG established a recommended procedure for identifying and evaluating potential 

visibility impairment primarily in mandatory Federal PSD Class I Areas (FLAG 2000).  

According to the FLAG procedure, predicted changes in visibility are directly related to percent 

changes in extinction (or change in dv); a 10 percent change in extinction corresponds to 1.0 dv 

change.  Using CALPUFF modeled concentrations resulting from RFFA and RFD proposed 

sources, light extinction change values were computed in accordance with the FLAG 2000 

method by using estimated background light extinction values derived from western U.S. natural 

background conditions and hourly relative humidity (f[RH]) values as a reference base.  The 

resulting change in dv was then determined for each Class I area, sensitive Class II area, and 

Colorado Scenic View.  The number of days with visibility changes greater than 0.5 dv and 

greater than 1.0 dv is reported based on impacts from CRVFO BLM Project emission sources in 

Appendix G.  The number of days with visibility changes greater than 1.0 dv is reported based 

on impacts from CRVFO and cumulative emission sources in Appendix H.  The 0.5-dv reporting 

threshold is recommended by FLAG when analyzing impacts from an individual source, and a 

1.0 dv change when analyzing for cumulative impacts.  The BLM uses a 1.0-dv threshold as an 

indicator of just noticeable change for both project and multiple-source impacts. 

 

Three FLAG 2000 compliant visibility methods were used (FLAG 2000).  The first level 

screening analysis for visibility used daily modeled primary particulate matter (PM2.5 and PM10), 

secondary (sulfate and nitrate) particulate matter, and NO2 concentrations with assumed western 

U.S. ―natural‖ background conditions and hourly relative humidity (f[RH]) values developed by 

CALPUFF to calculate a potential change in visibility extinction.  In addition, two refined 

visibility analyses were performed.  The seasonal refined analysis used seasonal average natural 

background light extinction and assumed monthly background average f(RH) values.  In 

contrast, the daily refined analysis used actual aerosol or light extinction monitoring data 

measurements as baseline data (i.e., a background reference level).  

 

Since visibility change values exceed the 1.0-dv limit of acceptable change (LAC) using the 

screening procedure, a Seasonal FLAG Screening Analysis Tool (Archer, 2003) was used to 

perform a seasonal analysis.  The Seasonal FLAG Screening tool uses Class I area (or Class II) 

specific seasonal average natural background light extinction and assumed monthly background 

average f(RH) values to produce representative daily natural background visibility conditions for 

that area.  Maximum daily average predicted CALPUFF concentrations of PM10, PM2.5, NO2, 

SO4
=
, and NO3

-
 that were calculated at the Arches, Eagles Nest, Flat Tops, Maroon Bells-

Snowmass, and Mount Zirkel PSD Class I areas, and Colorado NM and Dinosaur NM Class II 

areas were input into the Season FLAG Refined Analysis tool to estimate refined visibility 

changes relative to the estimated natural background conditions.  
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Because seasonal visibility change values exceed the 1.0-dv LAC, analyses using Daily FLAG 

Refined Spreadsheets (Archer 2008a through 2008e) were also performed.  The Daily FLAG 

Refined Analysis extinction estimation tool utilized daily atmospheric extinction data that was 

either constructed from daily speciated PM data that was collected at aerosol sampling sites or 

directly measured at monitors.  Speciated aerosol concentrations data from the White River 

National Forest IMPROVE aerosol sampling site were used for the Eagles Nest, Flat Tops, 

Maroon Bells-Snowmass, Colorado NM, and Dinosaur NM.  Nephelometer data from 

Canyonlands NP collection site were used for Arches NP and transmissometer collected data 

from Mount Zirkel WA were used for that area. 

 

Maximum daily average predicted CALPUFF concentrations of PM10, PM2.5, NO2, SO4
=
, and 

NO3
-
 that were calculated at each Class I and sensitive Class II area were input into the Daily 

FLAG Refined Analysis tool to estimate refined visibility changes relative to the collected 

background data.  The Daily FLAG Refined Spreadsheet daily f(RH) values were determined 

based on FLAG guidance and missing f(RH) values were estimated using linear interpolation.  In 

addition, since reconstructed extinction estimates are not reliable above 90 percent relative 

humidity, f(RH) values were limited to 4.7 (the 90 percent relative humidity value). 

 

Table 4-18 provides a summary of the maximum visibility air quality impacts for each Class I 

area, sensitive Class II area, and Colorado Scenic View based on a 1-dv threshold over the three-

year modeling period.  The table reports the number of days in a single year (the year with 

maximum impacts during 2001, 2002, or 2003) for which impacts are expected to equal or 

exceed 1 dv visibility change from estimated natural conditions.  Project impacts are much less 

than cumulative impacts.  Project impacts are slight (one or zero days per year with predicted 

impacts of 1 dv or more) for all Class I and sensitive Class II areas.  However, one Colorado 

Scenic View, the Roan Cliffs View, was predicted to have significant impacts.   

 

Visibility impacts are conservatively estimated using CALPUFF because the model does not 

have the capability to account for emission decreases expected to occur at existing sources 

included in the RFFA emissions inventory.  Additional regulatory controls on NOx emissions 

from engines and diesel particulate from non-road engines will significantly decrease these 

emissions over the next 20 years.  Use of ultra-low sulfur fuel will also substantially decrease 

ambient concentrations of sulfates. 

 

Tables G-16 through G-19 (Project results) provide detailed data for all three years and report the 

number of days exceeding both the 0.5 dv and 1.0 dv visibility change thresholds.  Tables H-16 

and H-17 (cumulative results) provide detailed data for all three years and provide the number of 

days exceeding 1.0 dv visibility change threshold.  These thresholds are not regulatory 

requirements.  Instead, they are thresholds used for disclosure purposes only. 

 

USEPA‘s Regional Haze Rule implements the ―national goal of preventing any future, and 

remedying any existing, impairment of visibility in mandatory Class I Federal areas which 

impairment results from manmade air pollution . . . ‖ (40 CFR §51.300).  Air quality regulations 

designed to achieve this goal require: (1) emission reductions at certain older stationary sources, 

(2) review of predicted visibility impacts from certain new stationary sources under the NSR 

Program, and (3) development of long-term State Implementation Plans (SIPs) to reduce 

emissions of haze-producing pollutants.  Federal agencies such as the NPS and USFS monitor 

visibility and review NSR air quality permit applications to determine potential visibility 

impacts.  State air quality agencies identify and implement emission reductions within their 
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jurisdictions that are needed to reduce visibility impairment.  USEPA set a goal of attaining 

natural visibility in Class I areas by the year 2064. 

  
Table 4-18.  Maximum Visibility Air Quality Impacts at Class I and  

Sensitive Class II Areas 

Area 

Maximum Number of Days In Year With Greatest Impacts  
of 1.0 dv or More 

Project Cumulative 

FLAG 
2000 

Seasonal 
FLAG 

Daily 
FLAG 

FLAG 
2000 

Seasonal 
FLAG 

Daily 
FLAG 

Class I 

   Arches NP 0 0 0 7 9 0 

   Eagles Nest WA 0 0 0 16 10 13 

   Flat Tops WA 1 0 0 68 64 43 

   Maroon Bells-Snowmass WA 0 0 0 24 23 21 

   Mount Zirkel WA 0 0 0 29 16 14 

   West Elk WA 0 0 0 10 13 10 

Sensitive Class II 

   Colorado NM 0 0 0 31 32 30 

   Dinosaur NM 0 0 0 209 195 146 

Colorado Scenic Views 

   Big Mountain View 1 1 1 208 176 138 

   Holy Cross View 0 0 0 8 3 3 

   Holy Cross Wilderness View 0 0 0 7 3 1 

   Rabbit‘s Ear View 0 0 0 26 31 24 

   Roan Cliffs View 69 43 20 331 350 342 

 

4.3.3. Deposition 

The maximum annual N and S deposition rates were estimated based on three years of 

meteorology for CALPUFF runs for Project only emissions and cumulative emissions.  The 

POSTUTIL program was used to estimate total N and S fluxes from CALPUFF predicted wet 

and dry fluxes of NOx, NO3, HNO3, SO2, and SO4.  CALPOST was used to summarize annual N 

and S deposition values from the POSTUTIL program. 

 

For disclosure purposes only, Project impacts were compared to the NPS screening deposition 

analysis thresholds (DATs), which are defined as 0.005 kilogram per hectare per year (kg/ha/yr) 

in the western United States for both N and S.  A DAT is the additional amount of N or S 

deposition within a Class I area, below which estimated impacts from a proposed new or 

modified source are considered to be insignificant. The DAT is a screening threshold that was 

developed primarily to assess impacts from a single stationary source.  If a DAT is exceeded, 

cumulative modeling is required to demonstrate that cumulative deposition is below the level of 
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concern.  Modeling results showing deposition greater than a DAT do not indicate the need for 

mitigation. 

 

Full cumulative modeling was performed as part of this analysis.  Project and cumulative 

impacts were compared to the level of concern, which is defined by the NPS and USFS as 

3 kg/ha/yr for N and 5 kg/ha/yr for S (Fox 1989).  Deposition rates that are below the level of 

concern are believed to cause no adverse impacts. 

 

At the areas and for the Alternatives with the highest maximum N deposition rates, the N DAT is 

exceeded at the Flat Tops WA and at the Maroon Bells-Snowmass WA.  For a large aggregate 

project that includes thousands of sources (such as oil and gas development in the CRVFO), 

deposition greater than the DAT is typical.  Total deposition for Project sources is approximately 

half of the level of concern while total deposition from cumulative sources is slightly more than 

half of the level of concern, as shown in Table 4-19.  Because project and cumulative N 

deposition are less than the level of concern, no mitigation is necessary.  Table G-12 and Table 

H-12 provide detailed N deposition results for Project and cumulative impacts, respectively. 

 

 
Table 4-19.  Maximum Annual N Deposition 

Area and 
Alternative with 
the Greatest 
Predicted Impact 

Assess-
ment 

Max. 
Modeled 

Deposition 

(kg/ha/yr) 
DAT 

a
 

(kg/ha/yr, %) 

Back-
ground 

Deposition 
(kg/ha/yr) 

Max.  
Total 

Deposition 
(kg/ha/yr) 

Level of 
Concern 

b
 

(kg/ha/yr, 
%) 

Class I   0.005   3.0 

 Flat Tops WA / A Project 0.007 136% 1.5 1.51 50% 

 Flat Tops WA / D Cumulative 0.064 N/A 
c
 1.5 1.56 52% 

Sensitive Class II   0.005   3.0 

 Dinosaur NM / A Project 0.001 20% 1.9 1.50 50% 

 Dinosaur NM / D Cumulative 0.096 N/A 
c
 1.5 1.60 53% 

DAT = deposition analysis threshold 

kg/ha/yr = kilogram per hectare per year 

N = nitrogen 
a The DAT is shown in italics, while the maximum modeled deposition is provided as a percentage of the DAT.  
b The Level of Concern is shown in italics, while the maximum total deposition is shown as a percentage of the Level of 

Concern. 
c Cumulative impacts are not compared to DATs. 

 

At the areas and for the Alternatives with the highest maximum S deposition rates, total 

deposition for Project impacts is less than the DATs at all Class I and sensitive Class II areas.  

Project and cumulative S deposition is less than 15 percent of the level of concern, as shown in 

Table 4-20.  Low Project S emissions are due to the use of ultra-low sulfur diesel fuel.  Table G-

13 and Table H-13 provide detailed S deposition results for Project and cumulative impacts, 

respectively. 

 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 4-37 

Table 4-20.  Maximum Annual S Deposition 

Area and 
Alternative with 
the Greatest 
Predicted 
Impact 

Assess-
ment 

Max. 
Modeled 

Deposition 

(kg/ha/yr) 
DAT 

a
 

(kg/ha/yr, %) 

Back-
ground 

Deposition 
(kg/ha/yr) 

Max. Total 
Deposition 
(kg/ha/yr) 

Level of 
Concern 

b
 

(kg/ha/yr, 
%) 

Class I   0.005   5.0 

Flat Tops WA / A, 

D 

Project 
0.0001 <1% 0.73 0.7301 15% 

Flat Tops WA / D Cumulative 0.0028 N/A 
c
 0.73 0.7328 15% 

Sensitive Class II   0.005   5.0 

All Areas / A–D Project <0.0001 <1% 0.73 0.7301 15% 

Dinosaur NM / D Cumulative 0.0079 N/A 
c
 0.73 0.7379 15% 

DAT = deposition analysis threshold 

kg/ha/yr = kilogram per hectare per year 

S = sulfur 
a The DAT is shown in italics, while the maximum modeled deposition is provided as a percentage of the DAT.  
b The Level of Concern is shown in italics, while the maximum total deposition is shown as a percentage of the Level of 

Concern. 
c Cumulative impacts are not compared to DATs. 

4.3.4. Lake Chemistry 

An analysis of potential changes to lake ANC was performed.  Annual deposition fluxes of S and 

N predicted by CALPUFF at sensitive lake receptors were used in conjunction with baseline 

ANC values to estimate the change in ANC.  Lake chemistry baseline ANC data were obtained 

from the USFS for each sensitive lake included in the analysis and are included in Table 4-5. 
 

The maximum ANC change values were calculated in accordance with procedures included in 

the USFS Rocky Mountain Region's Screening Methodology for Calculating ANC Change to 

High Elevation Lakes, User's Guide (USFS 2000).  Table 4-21 provides a summary of the 

calculated changes in ANC; additional data is provided in Appendices G and H.  Potential lake 

chemistry impacts were calculated for CRVFO Project source emissions and for combined 

CRVFO and cumulative emissions. 

 

The USFS considers lake chemistry changes to be potentially significant if the screening 

methodology predicts decreases in ANC of more than the LAC.  A lake‘s LAC depends on its 

baseline ANC value.  The LAC is 10 percent change in ANC for lakes with baseline ANC values 

greater than or equal to 25 microequivalents per liter ( eq/l) and ―no more than 1 ueq/L 

cumulative loss in Acid Neutralizing Capacity is acceptable‖ for lakes with ANC baseline values 

less than 25 eq/l (USFS 2012).  For this Analysis, only Upper Ned Wilson Lake has a baseline 

ANC value less than 25 eq/l.  Consequently, a decrease in ANC of more than 1 ueq/liter at this 

Lake is considered to be a significant impact. 

 

Maximum changes to each lake‘s ANC are shown in Table 4-21.  Values for each Alternative 

and for each modeled year are included in Tables G-15 and H-15.  Maximum acid deposition 

(shown as Maximum H Deposition in the table) is well below the LAC for each lake for Project 

Alternatives and cumulative impacts for all seven lakes.  For six of the seven lakes, the 

maximum ANC change due to Project emissions is less than 0.1 percent.  When cumulative 

changes are considered at these six lakes, the maximum ANC change is less than 4.0 percent.  

Modeling predicts small decreases in ANC at Upper Ned Wilson Lake for each Alternative.  The 
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maximum predicted change at Upper Ned Wilson Lake is 0.3 percent when modeling Project 

emissions and approximately 3.6 percent when modeling Project and cumulative emissions.  

Because Upper Ned Wilson Lake is extremely sensitive to acidic deposition, the LAC for Upper 

Ned Wilson Lake is <1 ueq/liter, which is equal to 21.2 equivalents.  Maximum cumulative 

predicted change for Upper Ned Wilson is 10.5 equivalents, which is insignificant.   

 
Table 4-21.  Maximum Changes to Lake ANC 

Lake and Alternative 
With the Greatest 
Predicted Impact 

Assess-
ment 

Baseline 
ANC 

a
 

(eq) 
LAC 

b
 

(eq) 

Max. H 

Deposition 

(eq) 

Max. 
ANC 

Change  
(%) 

Max. 
Percent 
of LAC 

(%) 

Avalanche Lake / A Project 
360,941 36.094 

69.7 0.02 0.19 

Avalanche Lake / D Cumulative 565.4 0.15 1.57 

Moon Lake / A Project 
37,444 3,744 

23.3 0.06 0.62 

Moon Lake / D Cumulative 180.7 0.48 4.82 

Ned Wilson Lake / A Project 
13,833 1,388 

12.5 0.09 0.90 

Ned Wilson Lake / D Cumulative 165.9 1.19 11.95 

Seven Lakes / A Project 
7,647 765 

1.0 0.01 0.13 

Seven Lakes / D Cumulative 35.1 0.46 4.59 

Summit Lake / A Project 
3,024 302 

0.4 0.01 0.14 

Summit Lake / D Cumulative 12.7 0.42 4.19 

Trappers Lake / A Project 
61,501,904 6,150,190 

2,860 0.00 0.05 

Trappers Lake / D Cumulative 49,679 0.08 0.81 

Upper Ned Wilson Lake / A Project 
288 21.2 

0.8 0.27 3.77 

Upper Ned Wilson Lake / D Cumulative 10.5 3.64 49.53 

ANC = acid neutralizing capacity 

eq = equivalents 

H deposition = acid deposition 

LAC = limit of acceptable change 

N/A = not applicable 
a Baseline ANC values were provided by Jeff Sorkin (USFS 2011).   
b The LAC change is 10 percent change for lakes with baseline ANC values greater than or equal to 25 eq/l.  For lakes with 

lower baseline ANC values (less than 25 eq/l), the LAC is no more than 1 ueq/L cumulative loss in Acid Neutralizing 

Capacity (ANC), USFS, http://www.fs.fed.us/air/technical/class_1/wilds.php?recordID=53).  Upper Ned Wilson Lake has a 

baseline ANC value of 12.92 eq/l; therefore, the LAC is 1 ueq/l, which is equivalent to 21.2 eq.  

 
 

http://www.fs.fed.us/air/technical/class_1/wilds.php?recordID=53
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5.0 PHOTOCHEMICAL GRID MODELING OZONE ANALYSIS 

5.1. PGM OVERVIEW 

Photochemical grid modeling (PGM) programs were used to assess impacts to ambient ground-

level ozone resulting from air emissions associated with the CRVFO RMPA/EIS.  Ozone 

impacts were quantified and compared to the NAAQS, which is currently set at 0.075 ppm 

(equivalent to 75 ppb).  Modeling was performed using a 2006 base case year and emissions 

growth projections with data reflecting 2018 and 2028 emissions inventories.  The ozone 

assessment focused on impacts throughout the state of Colorado and nearby surrounding states, 

although ozone concentrations were predicted for the contiguous United States. 

 

Ozone modeling predicts compliance with the current 0.075 ppm standard, based on calculation 

of future design values (DVFs) at multiple ozone monitor locations. At the Gothic monitor, (the 

monitor closest to the CRVFO with full-year ozone data), DVFs are predicted to be 66 ppb 

during the April modeling episode and 64 ppb during the July episode. At the two RMNP ozone 

monitors (which are treated as rural monitors in this analysis even though they are influenced by 

metropolitan Denver and Front Range emissions), the DVFs are predicted to be between 67 ppb 

and 74 ppb, depending on the month and the specific monitor. DVFs at all ozone monitors within 

the 4km domain indicate ozone concentrations that are less than or equal to ozone concentrations 

during the 2006 base year. 

 

Although compliance with the current ozone standard is predicted, high ozone concentrations are 

predicted on a few days at a variety of rural and Front Range locations. These results are 

illustrated and discussed in Section 5.7.  This chapter begins with a discussion of the modeling 

and emissions processing methods used to assess ozone impacts. PGM modeling was performed 

in accordance with the ozone modeling protocol (BLM-URS 2008b). 

5.1.1. PGM MODEL SELECTION 

Three models were used in the CRVFO RMP ozone assessment.  The CAMx photochemical grid 

model predicted ambient ozone concentrations based on meteorological data inputs prepared 

using MM5 and emissions data prepared using the SMOKE modeling system.  Each of these 

models is discussed below.  

5.1.2. CAMx Regional Photochemical Model Description 

CAMx is an Eulerian photochemical dispersion model that allows for an integrated ―one-

atmosphere‖ assessment of gaseous and particulate air pollution over many scales ranging from 

sub-urban to continental.  The model is designed to unify all of the technical features required of 

―state-of-the-science‖ air quality models into a single system that is computationally efficient, 

easy to use, and publicly available.  The model code has a highly modular and well documented 

structure which eases the insertion of new or alternate algorithms and features.  The input/output 

file formats are based on the Urban Airshed Model and are compatible with many existing pre- 

and post-processing tools. 

 

CAMx simulates the emission, dispersion, chemical reaction, and removal of pollutants in the 

troposphere by solving the pollutant continuity equation for each chemical species on a system of 
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nested three-dimensional grids.  The Eulerian continuity equation describes the time dependency 

of the average species concentration within each grid cell volume as a sum of all of the physical 

and chemical processes operating on that volume.  Chemistry is treated by simultaneously 

solving a set of reaction equations defined from specific chemical mechanisms.  Pollutant 

removal includes both dry surface uptake (deposition) and wet scavenging by precipitation. 

 

CAMx can perform simulations on three types of Cartesian map projections: Universal 

Transverse Mercator, Rotated Polar Stereographic, and Lambert Conic Conformal.  Furthermore, 

the vertical grid structure is defined externally, so layer interface heights may be specified as any 

arbitrary function of space and/or time.  This flexibility in defining the horizontal and vertical 

grid structures allows CAMx to be configured to match the grid of any meteorological model 

that is used to provide environmental input fields (Environ 2006). 

 

In addition to the attributes it shares with most photochemical grid models, some of the most 

notable features of CAMx are summarized below. 

 

Two-Way Nested Grid Structure:  This feature allows CAMx to be run with coarse grid spacing 

over a wide regional domain in which high spatial resolution is not particularly needed while, 

within the same run, applying fine grid nests in specific areas where high resolution is needed. 

 

Flexi-Nesting:  CAMx offers the ability for users to arbitrarily introduce and/or remove various 

nested grids at any point during the course of a simulation.  Upon model restart, CAMx 

automatically diagnoses any changes to the grid system.  Users can supply complete information 

for new grids (emissions, land use, and meteorology) or allow CAMx to interpolate any or all of 

these inputs from parent grids.  Example applications of flexi-nesting include running spin-up 

days with a single coarse master grid and introducing nests just for episode days, or evaluating 

sensitivity to grid configuration when designing a model application.  

 

Multiple Photochemical and Gas Phase Chemistry Mechanism Options:  Users can select among 

three versions of Carbon Bond IV (CB4) chemistry (CAMx Mechanisms 1, 3, and 4); the 2005 

version of Carbon Bond (CB05) chemistry (CAMx Mechanism 6); or the 1999 version of 

SAPRC chemistry (CAMx Mechanism 5).  

 

Chemical Kinetics Solver Options:  CAMx utilizes a fast and highly efficient chemistry solver 

known as the Chemical Mechanism Compiler (CMC) that is based on an ―adaptive-hybrid‖ 

approach.  Relative to the standard chemistry solvers for the CB4 mechanism, this approach 

results in about a ten-fold speedup in the chemistry solution and an overall model speedup by a 

factor of 3 to 4.  Alternatively, the Implicit-Explicit Hybrid (IEH) chemical solver of Sun, Chock 

and Winkler (1994) may be used.  The IEH solver accuracy is comparable to reference methods 

such as LSODE.  The accuracies of the IEH and CMC solvers are very similar during the day 

with the IEH solver being more accurate than the CMC solver at night.  However, the IEH solver 

is several times slower than the CMC solver.  Both solvers may be used to integrate the CB4 and 

SAPRC99 mechanisms.  The model also includes LSODE as a chemistry solver option for gas-

phase chemistry, in addition to CMC and IEH.  It can be used to "benchmark" a simulation to 

evaluate the performance of CMC or IEH.    

 

Plume-in-Grid (PiG) Module:  CAMx features a PiG sub-model to treat the chemistry and 

dispersion of point source emission plumes at sub-grid scales; individual plume segments are 

tracked by the Lagrangian module while undergoing dispersion and chemical evolution, until 
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such time as their pollutant mass should be represented within the grid model framework.  Plume 

dispersion is determined using a second-order closure puff spread calculation.   

 

Horizontal Advection Solver Options:  The Area Preserving Flux-Form advection solver of Bott 

(1989) and the Piecewise Parabolic Method (PPM) of Colella and Woodward (1984) are 

available in CAMx.  These schemes possess high-order accuracy, little numerical diffusion, and 

are sufficiently quick for applications on very large grids.  Either of these solvers may be 

selected via the CAMx run control file.   

 

Advanced Photolysis Model:  The TUV radiative transfer and photolysis model, developed at 

NCAR, is used as a CAMx preprocessor to provide the air quality model with a multi-

dimensional lookup table of photolytic rates by surface albedo, total ozone column, haze 

turbidity, altitude, and zenith angle (Environ 2006). 

5.1.3. MM5 Model Description 

MM5 is a limited-area, nonhydrostatic or hydrostatic (Version 2 only), terrain-following sigma-

coordinate model designed to simulate or predict mesoscale and regional-scale atmospheric 

circulation.  It was developed at Penn State and NCAR as a community mesoscale model and is 

continuously being improved by contributions from users at several universities and government 

laboratories.   

 

MM5 is the latest in a series that developed from a mesoscale model used by Anthes at Penn 

State in the early 70s that was later documented by Anthes and Warner (1978).  Since that time, 

it has undergone many changes designed to broaden its usage.  These include (1) a multiple-nest 

capability, (2) nonhydrostatic dynamics, which allows the model to be used at a few-kilometer 

scale, (3) multitasking capability on shared- and distributed-memory machines, (4) a four-

dimensional data-assimilation capability, and (5) more physics options.  

 

MM5 is supported by several auxiliary programs, which are referred to collectively as the MM5 

modeling system.  

 

Terrestrial and isobaric meteorological data are horizontally interpolated (using programs 

TERRAIN and REGRID) from a latitude-longitude mesh to a variable high-resolution domain on 

either a Mercator, Lambert conformal, or polar stereographic projection.  Since the interpolation 

does not provide mesoscale detail, the interpolated data may be enhanced (program RAWINS or 

little_r) with observations from the standard network of surface and rawinsonde stations using 

either a successive-scan Cressman technique or multiquadric scheme.  Program INTERPF 

performs the vertical interpolation from pressure levels to the sigma coordinate system of MM5.  

Sigma surfaces near the ground closely follow the terrain, and the higher-level sigma surfaces 

tend to approximate isobaric surfaces.  Since the vertical and horizontal resolution and domain 

size are variable, the modeling package programs employ parameterized dimensions requiring a 

variable amount of core memory.  Some peripheral storage devices are also used.  

 

Since MM5 is a regional model, it requires an initial condition as well as lateral boundary 

condition to run.  To produce lateral boundary condition for a model run, gridded data to cover 

the entire time period that the model is integrated is needed (PSU/NCAR 2007). 

The MM5 Model includes the following physics options (PSU/NCAR 2007). 
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 Precipitation physics  

 Cumulus parameterization schemes:  

o Anthes-Kuo  

o Grell  

o Kain-Fritsch  

o New Kain-Fritsch (including shallow convection physics)  

o Betts-Miller  

o Arakawa-Schubert  

 Resolvable-scale microphysics schemes:  

o Removal of supersaturation  

o Hsie's warm rain scheme  

o Dudhia's simple ice scheme  

o Reisner's mixed-phase scheme  

o Reisner's mixed-phase scheme with graupel 

o NASA/Goddard microphysics with hail/graupel  

o Schultz mixed-phase scheme with graupel  

 Planetary boundary layer process parameterization:  

o Bulk formula  

o Blackadar scheme  

o Burk-Thompson (Mellor-Yamada 1.5-order/level-2.5 scheme)  

o Eta TKE scheme (Janjic 1990, 1994)  

o MRF scheme (Hong and Pan 1996)  

o Gayno-Seaman scheme (Gayno 1994)  

 Surface layer process parameterization: 

o Fluxes of momentum, sensible and latent heat  

o Ground temperature prediction using energy balance equation  

o Variable land use categories (defaults are 13, 16 and 24)  

o 5-layer soil model  

o OSU land-surface model (V3.1 - V3.5)  

o Noah land-surface model (since V3.6)  

o Pleim-Xiu land-surface model (V3 only)  

 Atmospheric radiation schemes:  

o Simple cooling  

o Dudhia's long- and short-wave radiation scheme  

o NCAR/CCM2 radiation scheme 

o RRTM long-wave radiation scheme (Mlawer et al. 1997) (V3 only)  

5.1.4. SMOKE Model Description 

The SMOKE  (Sparse Matrix Operator Kernal Emissions) modeling system is a set of programs 

that is used by the USEPA, Regional Planning Organizations (RPOs), and state environmental 
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agencies to prepare emissions inventory data for input to an air quality model such as CAMx.  

SMOKE converts annual or daily estimates of emissions at the state or county level to hourly 

emissions fluxes on a uniform spatial grid that are formatted for input to an air quality model.  

SMOKE integrates annual county-level emissions inventories with source-based temporal, 

spatial, and chemical allocation profiles to create hourly emissions fluxes on a predefined model 

grid.  For elevated sources that require allocation of the emissions to the vertical model layers, 

SMOKE integrates meteorology data to derive dynamic vertical profiles.  In addition to its 

capacity to simulate emissions from stationary area, stationary point, and on-road mobile sectors, 

SMOKE is also instrumented with the Biogenic Emissions Inventory System, version 3 (BEIS3) 

model for estimating biogenic emissions fluxes (USEPA 2004) and the MOBILE6 model for 

estimating on-road mobile emissions fluxes from county-level vehicle activity data.  The BEIS3 

model was used rather than the more recent MEGAN biogenic emissions model because the 

MEGAN model was not yet fully compatible with SMOKE at the time that modeling began.  

SMOKE can additionally be used to calculate future-year emissions estimates, if the user 

provides data about how the emissions will change in the future. 

5.2. MODELING DOMAIN AND VERTICAL LAYERS 

CRVFO ozone assessment modeling included the three nested domains shown in Map 5-1.   The 

domains were defined using projection information included in Table 5-1 and are similar in 

geographic scope to the domains used for the Rocky Mountain Atmospheric Nitrogen and Sulfur 

Study (RoMANS).  The RoMANS is a collaborative effort among the NPS Air Resources 

Division (NPS-ARD), the CDPHE-APCD, and other partners to identify the origins of emissions 

currently affecting ecosystems and visibility in the Rocky Mountain region of Colorado (NPS, 

CDPHE 2006).  The CRVFO modeling domain and vertical layers are also identical to the 

WRFO RMPA and Oil and Gas EIS. 

   
Table 5-1.  CAMx Domain Projection and Coordinates 

 

Lambert-Conformal 
Projection Information Grid 

Domain 

D01 D02 D03 

Alpha: 33° Dx Dy (km) 36 12 4 

Beta: 45° Xorig (km) -2,736 -1,416 -1,048 

Gamma: -97° Yorig (km) -2,088 -696 -256 

Central longitude: -97° # Columns 148 98 146 

Central latitude: 40° # Rows 112 110 101 

 

The three nested CRVFO PGM domains are based on the Lambert-Conformal projection used by 

the Western Regional Air Partnership (WRAP) and are 3:1 nested grids of 36:12:4 km 

resolution.  The 4 km domain, which is the focus of the ozone assessment, encompasses the 

majority of the state of Colorado.  To ensure consistency in meteorological parameters, the 

horizontal projection of the CAMx modeling domain matched that of the MM5 modeling 

domain. 
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Map 5-1.  CAMx Model Domains 
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The vertical structure of the MM5 modeling domain included 34 vertical layers with 19 layers 

approximately within the planetary boundary layer (below ~2500m) and 15 layers above the 

planetary boundary layer (PBL).  The top of the modeling domain was set at the 100 millibar 

(mb) level (~15,000 meters).  The CAMx domains have 19 vertical layers.  Most regulatory 

modeling exercises employ this type of layer collapsing.  Testing performed by the WRAP found 

negligible differences in modeling results between runs with 34 and 19 layers (Environ 2007). 

To ensure consistency in meteorological parameters, the vertical structure of the CAMx 

modeling domain matched that of the MM5 layer structure in the first 8 layers (Table 5-2).  
 

Table 5-2.  Vertical Layer Structure for MM5 Modeling (Left Five Columns) and 
 CAMx Modeling (Right Five Columns) 

MM5 CAMx 

Layer Sigma 
Pressure 

(mb) 
Height 

(m) 
Depth 

(m) Layer Sigma 
Pressure 

(mb) 
Height 

(m) 
Depth 

(m) 

34 0.000 100 14662 1841 19 0.000 100 14662 6536 

33 0.050 145 12822 1466  0.050 145   

32 0.100 190 11356 1228  0.100 190   

31 0.150 235 10127 1062  0.150 235   

30 0.200 280 9066 939  0.200 280   

29 0.250 325 8127 843 18 0.250 325 8127 2966 

28 0.300 370 7284 767  0.300 370   

27 0.350 415 6517 704  0.350 415   

26 0.400 460 5812 652  0.400 460   

25 0.450 505 5160 607 17 0.450 505 5160 1712 

24 0.500 550 4553 569  0.500 550   

23 0.550 595 3984 536  0.550 595   

22 0.600 640 3448 506 16 0.600 640 3448 986 

21 0.650 685 2942 367  0.650 685   

20 0.700 730 2462 367 15 0.700 730 2462 633 

19 0.740 766 2095 266  0.740 766   

18 0.770 793 1828 259 14 0.770 793 1828 428 

17 0.800 820 1569 169  0.800 820   

16 0.820 838 1400 166 13 0.820 838 1400 329 

15 0.840 856 1235 163  0.840 856   

14 0.860 874 1071 160 12 0.860 874 1071 160 

13 0.880 892 911 158 11 0.880 892 911 158 

12 0.900 910 753 78 10 0.900 910 753 155 

11 0.910 919 675 77  0.910 919   

10 0.920 928 598 77 9 0.920 928 598 153 

9 0.930 937 521 76  0.930 937   

8 0.940 946 445 76 8 0.940 946 445 76 

7 0.950 955 369 75 7 0.950 955 369 75 

6 0.960 964 294 74 6 0.960 964 294 74 

5 0.970 973 220 74 5 0.970 973 220 74 

4 0.980 982 146 37 4 0.980 982 146 37 

3 0.985 986.5 109 37 3 0.985 986.5 109 37 

2 0.990 991 73 36 2 0.990 991 73 36 

1 0.995 995.5 36 36 1 0.995 995.5 36 36 

0 1.000 1000 0 0 0 1.000 1000 0 0 
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5.3. METEOROLOGICAL DATA 

Meteorological modeling was performed by the NPS-ARD using the MM5 modeling system, as 

part of the RoMANS.  The NPS-ARD developed MM5 inputs for the RoMANS modeling.  

MM5CAMx, a program that generates CAMx meteorological input files from MM5 output files, 

was used to map the meteorological fields to the format required by CAMx.  The meteorological 

fields that were generated include three-dimensional winds, temperatures, turbulence parameters, 

water vapor, and cloud coverage. 

 

The input data, physics options, and quality assurance steps are detailed below. 

5.3.1. Meteorological Inputs and MM5 Modeling 

MM5 modeling requires the following inputs. 

5.3.1.1. Fixed Inputs 

Terrestrial data was horizontally interpolated from USGS data to the MM5 grid using the 

TERRAIN program.  The data available for input to TERRAIN included terrain elevation, land 

use/vegetation, land-water mask, soil types, vegetation fraction, and soil moisture.  NPS-ARD 

used 10-minute data (approximately 19 km) for the 36 km domain, 5-minute data (approximately 

9 km) for the 12 km domain, and 2-minute data (approximately 4 km) for the 4 km domain. 

5.3.1.2. Variable Data Inputs 

MM5 data were read into gridded meteorological analyses and interpolated to the horizontal grid 

defined by the TERRAIN program.  This task was handled by the REGRID program.  NPS-ARD 

used North American Regional Reanalysis (NARR) data.  The NARR data were created using 

the Eta 32 km/45-layer model, a mesoscale numerical prediction model used by the National 

Centers for Environmental Prediction (NCEP).  The data provided included:  air temperature, 

cloud top pressure, cloud bottom pressure, hydrostatic pressure, potential temperature, surface 

pressure, and tropopause.   

 

Objective analyses were performed by the little_r program.  NPS-ARD used the NCEP 

Automated Data Processing (ADP) Global Surface Observations and the NCEP ADP Global 

Upper Air Observations datasets to perform the objective analysis with the little_r program.  

These data provided air temperature, cloud amount and frequency, dew point temperature, 

precipitation amount, station height, surface pressure, surface winds, visibility, atmospheric 

pressure measurements, tropopause, and upper level winds.  These data were incorporated into 

the meteorological analysis output from REGRID. 

 

The INTERPF program took the outputs from REGRID and little_r and interpolated the data 

from pressure coordinates to the sigma levels of the MM5 domain.  Outputs from this program 

included a model initial file, lateral boundary condition file, and a lower boundary condition file. 

5.3.1.3. Multi-Scale FDDA 

Because the MM5 model was applied retrospectively (i.e., for historical episodes) four-

dimensional data assimilation (FDDA) was used to blend model predictions and observational 

data to yield  temporally and spatially complete data sets that are grounded by actual 

observations. Specifically, model predications were blended with three-dimensional wind, 
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temperature, and humidity analysis fields (as opposed to individual observations) generated on a 

3-hourly basis from the National Weather Service.  This practice is referred to as ―analysis 

nudging‖ and it helps prevent model predictions from widely diverging from actual observations.   

In order to ensure that terrain features are the dominate influence for wind fields in the 4 km 

domain, analysis nudging was used only for the 36 km MM5 domain.  Observational nudging 

was used on the 4 km MM5 domain only.  The analysis nudging ―strengths‖ were 2.5×10
-4

 for 

winds and temperatures and 1.0×10
-5

 for humidity.   The observational nudging ―strength‖ was 

4.0×10
-4

 for winds. 

5.3.1.4. Physics Options 

The following physics options were used by the NPS-ARD in the MM5 simulations. 

 Precipitation physics 

o Cumulus parameterization schemes: 

 Kain-Fritsch 2 – uses a sophisticated cloud-mixing scheme to determine 

entrainment/detrainment.  It also predicts both updraft and downdraft 

properties and detrains cloud and precipitation.  Shear effects on 

precipitation efficiency are also considered.  Shallow convection is also 

included in this scheme. 

o Resolvable-scale microphysics schemes: 

 Reisner‘s mixed-phase scheme with graupel – Adds graupel to the mixed-

phase scheme which adds super cooled water and allows for snow melt 

 Planetary boundary layer process parameterization 

o MRF – This is an efficient scheme suitable for high resolution in the PBL. 

 Surface layer process parameterization 

o Noah land-surface model – This is a land-surface model that represents soil 

moisture and temperature at the surface and in the ground, as well as the canopy. 

 Atmospheric radiation schemes 

 RRTM long-wave radiation scheme – This is the Rapid Radiative Transfer Model.  It 

employs a correlated-k model to represent the effects of the detailed absorption spectrum. 

5.3.2. MM5 Performance Evaluation and Quality Assurance 

This CRVFO analysis used the same MM5 data that was used for the WRFO RMPA/EIS air 

quality analysis.  A report, MM5 Performance Evaluation and Quality Assurance Review for the 

White River Field Office Ozone Assessment (BLM-URS 2008a) describes the results of the MM5 

quality assurance review.  The review determined that the meteorological datasets were 

acceptable for use in air quality modeling studies that are focused on the State of Colorado.   

5.3.2.1. MM5 QA Methods 

Statistical methods and visual aids (such as Bakergrams) were used to assess the MM5 output 

data.  The quality assurance procedures are summarized below.   
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5.3.2.1.1. Statistics 

The first step in the quality assurance process was to generate statistics comparing modeled and 

actual meteorological characteristics.  The modeled value in a grid cell was compared with the 

observational data for that cell.  The values compared were paired in time.  Statistics were 

generated for temperature, moisture, wind speed, and wind direction.  URS calculated the 

following statistical measures; mean bias, gross error, root mean squared error, and index of 

agreement, slope, normalized bias, and gross error.  Bakergram plots of these measures were 

created and are included in the MM5 QA Report (BLM-URS 2008a). 

5.3.2.1.2. Time-series Plots 

Plots were created comparing the model values with observations at selected meteorological 

monitoring sites in the 4 km domain.  These plots were created for temperature and moisture. 

5.3.2.1.3. Tile Plots 

URS also created tile plots of model values with the observational values overlaid on them.  

These plots were created for temperature, moisture, precipitation, and winds. 

5.3.2.1.4. Skew-T Plots 

Thermodynamic diagrams were also created for each upper air meteorological monitoring site in 

the 4 km domain.  The model data was displayed alongside the observed values.  These plots 

included vertical profiles of temperature, dew point temperature, and winds. 

5.3.2.1.5. Wind Rose Plots 

As a final quality assurance step, wind rose plots were created at selected monitoring sites in the 

4 km domain.  A plot was also created from the modeling data in the grid cell that contains each 

monitoring site.  This allowed for comparison of the surface wind speed and direction. 

5.3.2.2. MM5 Performance Evaluation Conclusions 

This analysis of MM5 modeling results included a variety of statistical, surface, upper air, and 

precipitation analyses.  Results of these analyses appeared to be within acceptable ranges, with 

some seasonal and location-based variations. 

 

While additional MM5 runs could potentially improve MM5 model performance, resources and 

time were limited.  Analysis of MM5 results typically identifies imperfections in MM5 

predictions.  These imperfections are expected to be greater in areas with complex terrain, such 

as Colorado.  The 4 km meteorological datasets are deemed acceptable for use in air quality 

modeling studies focused on the State of Colorado.  The conclusions from the MM5 QA Report 

are included below (BLM-URS 2008a). 

5.3.2.2.1. Temperature 

The surface statistical evaluation reveals that the model has a warm bias for most of the year.  

The greatest gross error occurs during winter months, and relatively high temperature bias exists 

in all months except for April through May.  Specifically, the model over-predicts the daily highs 

in the late spring and summer and over-predicts the daily lows in the late fall and winter.  

However, the model under-predicts some daily highs in the high mountains during the winter 

months. 
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Warm bias will increase several types of weather-dependent emissions, including biogenic 

emissions (particularly isoprene), mobile emissions, and certain point source emissions.  The 

increased emissions, coupled with increased temperatures, are likely to over-predict ozone 

impacts.  Consequently, CAMx results would likely be conservative. 

5.3.2.2.2. Humidity and Precipitation 

There is very low bias for humidity all year round.  The time-series plots reveal that the model 

usually over-predicts humidity, but not by a large margin. 

 

The precipitation evaluation revealed what was expected.  Good agreement occurred during 

cooler months when precipitation is more widespread and worse agreement occurred in the warm 

months when convective precipitation is dominant.  The complex terrain of Colorado also plays 

an important role in the development of precipitation and this can be difficult for the model to 

resolve.  Precipitation has a greater impact on visibility predictions than on ozone predictions.  

Because the CRVFO air quality analysis focuses on ozone impacts, the level of over-prediction 

with regard to precipitation is not likely to significantly skew predicted ozone impacts during 

CAMx modeling. 

5.3.2.2.3. Wind Speed and Direction 

The statistics show that the wind speed is under-predicted in the warm months and over-

predicted in the colder months.  The wind direction bias is low year-round, but the acceptable 

margin is quite wide.  The daily average wind directions do agree well with observations, with 

only a few instances of model winds and observational winds diverging by 90 degrees or more.  

Most of these instances occurred in areas of complex terrain. 

 

URS looked at MM5 model performance from both a terrain-following perspective and a 

statistical perspective.  As seen on detailed terrain maps in Appendix D of the MM5 QA Report 

(BLM-URS 2008a), predicted wind vectors indicate excellent terrain-following performance.  

However, in some locations and on some days, observed wind directions differ significantly 

from predicted directions.  When viewed against a detailed terrain background (as shown in 

example plots included in Appendix D of the MM5 QA Report), differences in observed and 

predicted wind vectors frequently occur in areas where wind direction is shifting due to major 

nearby terrain features.  URS believes that, in some locations, MM5‘s 4 km grid resolution may 

not be fine enough to capture terrain-induced wind patterns at the location of the meteorological 

monitoring station.  

5.3.2.2.4. Upper Air Evaluation 

The upper air evaluation returned very good results.  Good agreement was found between the 

winds, temperature, and mixing ratio at both radiosonde sites in Colorado for all parameters.  

The warm bias can also be seen in the upper air plots 

5.3.2.2.5. Winter Month Predictions 

Winter months generally show poorer model performance, particularly from December through 

February.  Ozone monitoring results indicate high ozone concentrations during spring and 

summer months, particularly during April and July, as shown below in Figure 5-1 through Figure 

5-4.  Consequently, good MM5 model performance during April and July is needed in order to 

predict future ozone concentrations during these high-ozone periods. 
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Although high winter ozone concentrations have been monitored in some oil and gas areas in 

Wyoming and Utah, winter ozone monitoring at the Gothic monitor near the CRVFO boundary 

does not indicate high winter ozone concentrations.  From December 1 through March 31 (Julian 

days 335–365 and 1–90), the greatest 8-hour daily monitored ozone concentration over a 5-year 

period did not exceed 71 ppb.  During this 5-year period, ozone concentrations exceeded 60 ppb 

approximately 10 times.  

5.3.2.2.6. Comparison of 36 km, 12 km, and 4 km Plots 

The MM5 output data shows better performance in the 36 km and 12 km domains than in the 

4 km domain.  This is contrary to the expectations that higher resolution should yield better 

model performance.  Therefore, URS believes that it is important to view the data at the 4 km 

level with the following in mind. 

 

 To be aware of MM5 model limitations due to 4 km grid cell resolution in extremely 

complex terrain. 

 To be aware of potential impacts of the MM5 data on the White River air quality 

analysis. 

5.4. CAMx PERFORMANCE EVALUATION AND EPISODE 
SELECTION 

A model performance evaluation (MPE) was performed to determine how well the CAMx model 

is able to replicate observed concentrations of ozone in the troposphere.  Model performance was 

limited to an assessment of ozone performance.  Model performance with regard to visibility was 

not assessed because potential visibility impacts related to the CRVFO RMP revision were 

modeled with CALPUFF rather than CAMx. 

 

A common MPE was sufficient for both the CRVFO and WRFO RMPA/EIS ozone analyses.  A 

separate report, White River Field Office Oil and Gas Resource Management Plan Amendment / 

Environmental Impact Statement CAMx Model Performance Evaluation and Episode Selection 

(BLM-URS 2009), provides detailed descriptions of the methods used to evaluate performance 

and the findings of the evaluation.  The following information, which is contained in the MPE 

Report, is presented here to provide context for the remainder of this document.   

5.4.1. Ozone Monitor Locations and Data 

Ozone monitor locations and their data play two crucial roles in this air quality assessment, as 

follows.   

 For the MPE, the monitors‘ data are used to determine how well the 2006 base case 

CAMx runs replicate monitored ozone concentrations.   

 For the ozone impacts analysis, ozone design values (DVs) from these monitors were 

used to calculate future design values (DVFs) for use in determining compliance with the 

NAAQS. 

 

Observational data used for the MPE included data from ozone monitors in several monitoring 

networks (described below).  Of the 24 ozone monitors operating in the 4 km domain during 

2006, the majority were State and Local Air Monitoring Stations (SLAMS).  There were also 

several monitors in the National Air Monitoring Station (NAMS) network.  Additional monitors 
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within the 4 km domain were operated by the Clean Air Status and Trends Network (CASTNet), 

the National Park Service (NPS), and the United States Forest Service (USFS).  Map 5-2 shows 

the location of the monitors in the 4 km domain.  Two new ozone monitors are now being 

operated by BLM in the WRFO, one in Rangely and one in Meeker.  At the time of the ozone 

model runs, data were not available from these monitors.  However, in the future, monitoring 

data from these sites will help inform evaluation of future air quality conditions and could be  

used to support decisions regarding emission controls during the RMP implementation phases. 

 

SLAMS – This network is a collection of monitors run by State and local governments; each 

monitor must meet USEPA measurement and siting requirements.  Data from this network is 

reported to USEPA‘s Air Quality System (AQS).  SLAMS monitors are typically located in 

urban areas.  All monitors in the SLAMS network are continuous monitors that meet strict 

performance and quality assurance requirements.  SLAMS monitors are used to determine 

whether an area should be designated attainment or nonattainment for the ozone NAAQS.  

SLAMS monitors are identified by unique 8-digit numbers, as shown in Map 5-2 and Figure I-1. 

 

NAMS – This network is a collection of monitors operated by USEPA and is similar to the 

SLAMS network.  These monitors are also used to determine the attainment status of an area and 

are also identified by unique 8-digit numbers. 

 

Special purpose monitors – These monitors are not part of a network, but do report data to the 

AQS.  These monitors are usually used by State or local governments for a variety of reasons.  

Some are used to help determine siting for a permanent monitor, while others are used to 

investigate certain areas of importance within an agency‘s domain.  Special purpose monitors are 

categorized as ―other‖ monitors in Maps 5-2 and I-1. 

 

CASTNet – Four CASTNet monitors are located in the 4 km domain.  The USEPA-operated 

Gothic monitor (GTH161) is 8 km south of the CRVFO and is located near Aspen and 

approximately 70 km southeast of Glenwood Springs.  Two CASTNET monitors are co-located 

in RMNP.  One of these is operated by the NPS and the other is operated by USEPA.  The 

USEPA monitor (ROM206) is located approximately 60 meters higher in elevation than the NPS 

monitor (080690007 and also designated as ROM406).  The RMNP monitors are approximately 

90 km northeast of the CRVFO.  The fourth CASTNet monitor is located in Mesa Verde 

National Park (MVNP), approximately 236 km southwest of the CRVFO.  All four of the 

CASTNet monitors have data for the entire year of 2006 and are continuous monitors.  Data 

from the monitors operated by the NPS are reported to the AQS and use 8-digit numerical 

identifiers.  Data from the USEPA monitors are not reported to the AQS and use a six-character 

identifier. 

 

NPS – The NPS operates two portable ozone monitors within the 4 km domain.  One is at the 

Colorado National Monument (COLM), which is just west of Grand Junction, Colorado.  The 

other is at the Dinosaur National Monument (DINO), approximately 16 km east of Vernal, Utah.  

These portable ozone monitoring stations (POMS) are very small monitoring stations that take 

samples only during the summer season.  During 2006, the COLM monitor operated from May 

through September, while the DINO monitor operated from March through September.  
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Map 5-2.  Ozone Monitors In and Near the 4 km Domain 
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USFS/BLM – The USFS/BLM operate a continuous ozone monitor in the San Juan National 

Forest near Shamrock (SHAM).  The agency also operates two passive ozone monitors in the 

White River National Forest.  The Sunlight Mountain monitor is the only USFS/BLM monitor in 

the CRVFO; it is approximately 15 km southwest of Glenwood Springs, Colorado.  The Ripple 

Creek Pass monitor is located within the WRFO and is approximately 50 km east of Meeker, 

Colorado.  The Ripple Creek Pass and Sunlight Mountain monitors have partial data for 2006 

because they were operated only during June–August 2006. 

 

A full list of ozone monitors that operated during 2006 in the 4 km and 12 km domains is 

provided in Appendix I.  As shown in Map 5-2 and Figure I-1, some ozone monitors share sites.  

There is a NPS-CASTNet site and a USEPA-CASTNet site at the same location in RMNP.  

When all monitors in the 4 km domain are included in statistical measures or graphs, both 

RMNP monitors are included.  However, when rural monitors are grouped together, only the 

NPS-CASTNet RMNP monitor is included in the grouping in order to represent ozone impacts in 

RMNP without skewing the results due to inclusion of two co-located RMNP monitors in a small 

group of monitors containing seven western slope monitors (with July data) or four western slope 

monitors (with April data). 

5.4.2. Episode Selection 

Two episodes, the month of April and the month of July, were selected for future year base case 

and Alternatives modeling.  As described below, these two months were selected because they 

exhibit historically high ozone concentrations.  It is important to note, however, that in the time 

since the model episodes were selected and the subsequent analysis performed, information has 

come to light regarding the phenomena of springtime stratospheric intrusion of ozone  Each year 

in the springtime, and most specifically during the month of April, it is relatively common for 

ozone that is present in the upper atmosphere (the stratosphere) to ‗intrude‘ or break through to 

the ground level.  The ozone that intrudes is not attributable to activities occurring on the ground; 

yet it is common to have higher monitored ozone values during the month of April due to this 

phenomenon.  The April episode was selected for this model run because of the historically 

higher monitored values during that month.  Since it is now known that those higher values in 

April may partially be attributable to stratospheric intrusion, it is likely that the ozone modeled 

predictions in this analysis during the month of April may be attributable to or skewed by 

stratospheric intrusion.  To be conservative, BLM is choosing to include the April episodes in 

this analysis; however it should be duly noted that the July episode and model predictions should 

be considered more representative of potential ozone formulation associated with local and 

regional activities than the April episode.        

5.4.2.1. Historically High Ozone Periods in Region 

Monitored ozone concentrations vary throughout the year, and depend on the specific area within 

Colorado.  Figure 5-1 through Figure 5-4 provide graphical compilations of monitored ozone 

concentrations from 2003–2007 for the following sites:  Gothic, RMNP, MVNP, and Arvada.  

The dark blue data points in the graphs are most important because they reflect monitored ozone 

concentrations during 2006, which is the meteorological data year that will be modeled to 

determine potential future-year ozone impacts for the CRVFO Alternatives.  Brief summaries of 

high ozone time periods at several monitoring locations are provided below. 
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Gothic — At the Gothic site, high monitored ozone peak concentrations greater than 0.060 ppm 

began in mid-March (Day 71 for year 2006), as shown in Figure 5-1.  For 2006, the daily 

maximum 8-hour ozone concentrations at Gothic were highest during April (Days 91–120).  The 

bulk of the data points for all five years indicate that the greatest ozone concentrations occurred 

during the April–July time period (Days 91–212) for all years. 

 

RMNP — At the RMNP NPS-CASTNet site (Figure 5-2), high monitored ozone concentrations 

began in the spring, and continued through the end of August (Day 243).  The bulk of the data 

points for all five years indicate that the greatest ozone concentrations occurred during the April–

August (Days 91–243) time period for all years.  For 2006, the daily maximum 8-hour ozone 

concentrations at RMNP were highest during July (Days 182–212). 

 

MVNP — At MVNP (Figure 5-3), monitored ozone concentrations exceeding 0.070 ppm began 

in mid-April (Day 110 in 2006) and continued through the end of August (Day 243), with a few 

high monitored values in early September.  The bulk of the data points for all five years indicate 

that the greatest ozone concentrations occur during the April–August (Days 91–243) time period.  

During 2006, the daily maximum 8-hour ozone concentrations at MVNP occurred in April and 

July. 

 

Arvada — The Arvada site (Figure 5-4) is included as a representative site for the Denver 

Metropolitan Area (DMA).  During 2006, monitored ozone concentrations exceeded 0.060 ppm 

in late April and continued through early September (Day 249 in 2006).  Maximum 2006 

monitoring concentrations occurred during July. 

 

Based on the above summaries, monitors located in rural areas west of the Continental Divide 

indicated high ozone concentrations in April and July, while monitors east of the Divide had 

maximum 2006 concentrations during July, but not April. 
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Gothic, Colorado EPA-CASTNet Site (GTH161)
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Figure 5-1.  Gothic Historical Daily Maximum 8-hour Ozone 

 

RMNP NPS-CASTNet Site (080690007)
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Figure 5-2.  RMNP Historical Daily Maximum 8-hour Ozone 
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MVNP NPS-CASTNet Site (080830101)
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Figure 5-3.  MVNP Historical Daily Maximum 8-hour Ozone 

 

Arvada, Colorado NAMS Site (080590002)
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Figure 5-4.  Arvada Historical Daily Maximum 8-hour Ozone 
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5.4.2.2. Episode Length 

The specific episodes modeled for this ozone analysis were the full months of April and July. 

 Episode 1: April 1 – April 30, 2006 

 Episode 2:  July 1 – July 31, 2006 

Episode one was selected primarily because the rural area monitors, such as Gothic, show high 

ozone values in April, particularly during 2006.  Base case 2006 modeling also predicted high 

ozone concentrations during this time period.  The July episode was chosen to reflect high 

summer temperatures that can contribute to increased ozone formation.  This time period also 

captures the time period in which high ozone concentrations were observed at Sunlight 

Mountain, MVNP, RMNP, and Arvada monitors.  

 

A full month was selected for each episode in order to model high ozone days for monitors in a 

wide variety of locations.  The two month-long episodes are longer than episodes typically 

selected for nonattainment modeling (often several days to a week or slightly more than a week 

of modeled days).  The shorter time periods used in nonattainment modeling provide faster 

model run times when performing a large number of sensitivity runs to determine the effects of 

various combinations of emission control options. 

 

Longer modeling episodes were selected for this analysis in order to account for wider temporal 

variability in ozone concentrations among the geographically dispersed ozone monitors.  While 

high ozone days in rural Colorado were clustered in mid-April and mid-July, high ozone days 

were spread throughout July for several Front Range monitors.  Modeling somewhat longer 

episodes should also improve the stability of RRF calculations.  With regard to ozone 

nonattainment modeling, USEPA states that ―the range of mean RRFs varies widely for a small 

sample size (3 days) and is relatively stable for a large sample size (25 days).‖ (USEPA 2007b)  

Consequently, each of the two episodes was selected to be one month long. 

5.4.3. Model Performance Evaluation Methodology 

The model performance evaluation consisted of a detailed operational evaluation and a limited 

diagnostic evaluation.  An operational model evaluation compares ozone concentration 

predictions to observed (monitored) concentrations.  A diagnostic evaluation attempts to 

determine the causes behind mismatch between modeled predictions and observed data. 

5.4.3.1. Operational Evaluation 

The operational model performance evaluation was largely based on statistical measures and 

graphical tools that help visualize how well the model predicted observed (monitored) ground-

level ozone.  Statistical measures included the following. 

 

 Mean Normalized Bias (MNB)    

 Mean Normalized Gross Error (MNGE) 

 Unpaired Peak Accuracy (UPPA)  

 Average Paired Peak Accuracy (APPA) 

 

The above statistical measures were compared to USEPA Guidance for Regulatory Application 

of the Urban Airshed Model (UAM) (USEPA 1991).  These guidelines are goals for model 

performance, rather than absolute requirements.  The guidelines are shown in Table 5-3. 
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Table 5-3.  USEPA Modeling Performance Goals 

Statistical Measure Goal 

Unpaired Peak Accuracy (UPPA) ≤ ±20% 

Mean Normalized Bias (MNB) ≤ ±15% 

Mean Normalized Gross Error (MNGE) ≤ 35% 

Average Paired Peak Accuracy (APPA) (no EPA guideline) 

 

MNB and MNGE were calculated using observed value thresholds greater than or equal to 

40 ppb and 60 ppb.  The MNB, MNGE, and APPA values were computed using model values 

from the grid cell in which the monitor is located.  UPPA values were computed using the peak 

value from grid cells that are ―nearby‖ a monitor site.  USEPA defines nearby as within an 

approximate 15 km radius from the center of the grid cell containing the monitor.  Therefore, in 

the 4 km domain, the modeled value or values were selected from a 7×7 grid of cells centered on 

the cell containing the monitor (USEPA 2007b). 

 

For some analyses, model performance is assessed by reviewing three different types of ―nearby‖ 

predicted values: co-located value, closest value, and the maximum value.  Figure 5-5 provides 

an illustration of these values.  In this example, the observed (monitored) value is 65 ppb ozone 

as shown in green text at the center of the 7×7 grid.  The co-located predicted value is shown in 

blue; it is the modeled value for the grid cell that contains the monitor.  The ―closest‖ predicted 

value is the numerical value within the 7x7 grid that most closely approximates the monitored 

value.  In this case, three values of 66 ppb (shown in orange) are closest to the observed value of 

65 ppb.  Finally, the maximum value is the greatest numerical value within the grid.  In this case, 

two maximum values of 67 ppb are shown in red. 

 

 
Figure 5-5.  Example of Nearby Values Used in Model Performance Analysis 
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Graphs illustrating how statistical measures compare to USEPA guidelines are included in the 

MPE Report, which also provides scatter plots and Bakergrams (BLM-URS 2009). 

 

The following soccer plots distill MNB and MNGE statistical metrics on a month-by-month 

basis for the April – July 2006 time period.  A soccer plot is provided for each of the six rural 

monitoring sites (with one of the plots based on the RMNP monitor).  Each month that meets 

both the MNB metric and the MNGE metric is shown with a data point within the blue box.  

Model performance at Gothic, Ripple Creek Pass, Sunlight Mountain, and Shamrock meets these 

metrics for all months when ozone measurements were obtained.  [Note that only two data points 

are shown for the Ripple Creek Pass and Sunlight Mountain monitors because these monitors 

were not active during April and May 2006.]  At RMNP, the month of April does not meet the 

metric due to MNB above 15 percent.  For MVNP, MNB for the month of July is slightly less 

than -15 percent. 

 

 Gothic Monitor  

 

 

 Ripple Creek Pass Monitor 
 

 

 

  

Figure 5-6.  8-hour Daily Maximum Ozone Soccer Plots  
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 Sunlight Mountain Monitor  

 

 

 RMNP Monitor 
 

 

 

 Shamrock Monitor 
 

 

 

 

Figure 5-6 (cont).  8-hour Daily Maximum Ozone Soccer Plots 
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 MVNP Monitor 

 

 

 

 

Figure 5-6 (cont).  8-hour Daily Maximum Ozone Soccer Plots 

  

In addition to USEPA‘s modeling performance goals shown in Table 5-3, the agency also issued 

draft guidance that allows for a less stringent performance goal based on most days 

demonstrating nearby daily 8-hour maximum ozone values within ±20 percent of observed 

values (USEPA 1991).  Table 5-4 provides a summary of the percentage of days for which 

predicted ozone concentrations are more than 20 percent below the monitored values, within 20 

percent of monitored values, and more than 20 percent above monitored values.  These 

percentages are provided for aggregated rural sites and for individual rural sites during the April 

episode.  In addition, the table shows the number of days (for all rural monitors) within each of 

the three ranges.   

 

Performance at RMNP is relatively poor, with a third or more of predicted values exceeding 

observed values by more than 20 percent.  Accurate modeling of RMNP is difficult due to a 

number of factors including its high elevation monitor locations, complex terrain, and proximity 

to the DMA.  In contrast, performance at MVNP is very good, with no more than 10 percent of 

days experiencing significant over-prediction.  Performance at Dinosaur NM, Shamrock, and 

Gothic is also good, especially for co-located and closest values. 
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Table 5-4.  April 2006 Nearby 8-hr Daily Maximum Predicted Concentrations 
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Co-Located Value           

<-20% 0 0 0 NA NA 0 NA 0 0 0 

-20% to +20% 117 78 83 NA NA 53 NA 70 90 93 

>20% 33 22 17 NA NA 47 NA 30 10 7 

Closest Value           

<-20% 0 0 0 NA NA 0 NA 0 0 0 

-20% to +20% 128 85 93 NA NA 67 NA 80 93 93 

>20% 22 15 7 NA NA 33 NA 20 7 7 

Maximum Value           

<-20% 0 0 0 NA NA 0 NA 0 0 0 

-20% to +20% 101 67 70 NA NA 33 NA 60 83 90 

>20% 49 33 30 NA NA 67 NA 40 17 10 

Total Monitor Days 150  
1 These sites include the western rural sites and the RMNP USEPA-CASTNet site. 

 

Table 5-5 provides these percentages for aggregated rural sites and for individual rural sites for 

the July episode.  Model performance at Sunlight Mountain, Gothic, and Dinosaur is very good, 

with 94–100 percent of days within ±20 percent of observed values.  Performance at all other 

monitor locations is good, with the exception of Colorado NM.  Based on this metric, 

performance at RMNP is better than has been seen in many other statistics. 

 

Table 5-5.  July 2006 Nearby 8-hr Daily Maximum Predicted Concentrations 
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Co-Located Value           

<-20% 34 14 0 0 3 13 48 7 23 18 

-20% to +20% 201 83 94 83 97 87 52 94 77 82 

>20% 7 3 7 17 0 0 0 0 0 0 

Closest Value           

<-20% 20 8 0 0 0 3 36 3 13 11 

-20% to +20% 216 89 94 86 100 97 65 97 87 89 

>20% 6 2 7 14 0 0 0 0 0 0 

Maximum Value           

<-20% 20 8 0 0 0 3 36 3 13 11 

-20% to +20% 205 85 94 69 100 81 65 94 87 89 

>20% 17 7 7 31 0 16 0 3 0 0 

Total Monitor Days 242  

1 These sites include the western rural sites and the RMNP NPS-CASTNet site. 
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Another important comparison of daily maximum 8-hour ozone predicted values relates to the 

form of the ozone NAAQS.  Violations of the standard are based on a three-year average of the 

fourth highest daily maximum 8-hour monitored value in each year.  The first, second, third, and 

fourth highest absolute predicted values during 2006 base case modeling were compared to 

observed values.  Although the NAAQS is based on the fourth highest value monitored during a 

full year, the preponderance of high ozone values during April at many rural monitoring sites 

makes this a useful comparison. 

 

First through fourth highest predicted ozone concentrations closely track observed values at the 

Gothic, Shamrock, and MVNP monitors, as shown in Table 5-6.  The first through fourth highest 

predicted ozone concentrations indicate a tendency toward over prediction.  At Shamrock, the 

differences on a percentage basis were no more than 6 percent.  The largest difference at MVNP 

was only 7 percent.  Performance at the Gothic monitor was reasonably good, with no difference 

for the second-highest value and up to 14 percent over-prediction for the third highest value.  

Performance at the RMNP and Dinosaur sites was typically off by more than 20 percent. 

 

Table 5-6.  April 2006 1st Through 4th Highest Daily Maximum 8-hour 

Ozone Concentration Differences (Co-Located) 

Ozone 
Concentration (ppb) Gothic RMNP Dinosaur Shamrock MVNP 

1
st
 High      

Observed 87 70 63 77 79 

Predicted 80 85 77 78 78 

Difference -8% 21% 22% 1% -1% 

2
nd

 High      

Observed 79 67 61 76 72 

Predicted 79 80 77 77 75 

Difference 0% 19% 26% 1% 4% 

3
rd

 High      

Observed 69 63 60 74 72 

Predicted 79 79 76 76 74 

Difference 14% 25% 27% 3% 3% 

4
th

 High      

Observed 69 61 60 69 69 

Predicted 77 77 69 73 74 

Difference 12% 26% 15% 6% 7% 

 

Table 5-7 provides data for the July episode.  A tendency toward under-prediction is shown in 

the table, particularly with regard to the first high ozone predictions.  When comparing first 

though fourth daily maximum 8-hour ozone predicted values, model performance at Gothic and 

Ripple Creek Pass was quite good, with all differences at 5 percent or less except for the Gothic 

1
st
 high ozone prediction (12 percent under-prediction).  For these two monitors some over-

prediction and some under-prediction occurs.  
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Table 5-7.  July 2006 1st Through 4th Highest Daily Maximum 8-hour  

Ozone Concentration Differences (Co-Located) 

Ozone  
Concentration 

(ppb) 
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1
st
 High         

Observed 69 65 78 91 78 63 75 84 

Predicted 61 62 62 75 68 77 66 67 

Difference -12% -5% -21% -18% -13% 22% -12% -20% 

2
nd

 High         

Observed 64 60 72 77 76 61 68 74 

Predicted 61 62 61 74 66 75 62 65 

Difference -5% 3% -15% -4% -13% 23% -9% -12% 

3
rd

 High         

Observed 63 58 72 76 74 60 67 71 

Predicted 61 61 61 66 62 75 58 65 

Difference -3% 5% -15% -13% -16% 25% -13% -8% 

4
th

 High         

Observed 59 57 68 74 72 60 67 69 

Predicted 60 58 59 64 62 67 57 62 

Difference 2% 2% -13% -14% -14% 12% -15% -10% 

5.4.3.2. Diagnostic Evaluation 

A diagnostic evaluation determines how certain inputs and model parameters can affect model 

outputs and is often used to attempt to identify the cause or causes of differences between 

modeled and observed concentrations.  A limited diagnostic evaluation was performed to gain 

further insight into model performance.  The diagnostic evaluation focused on the effects of fire 

emissions and sensitivity runs using different sets of boundary conditions, as described in the 

MPE Report (BLM-URS 2009).  The effect of fire emissions could potentially affect model 

performance.  In order to assess ozone concentrations that are more typical of any individual 

future year, typical (rather than actual 2006) fire emissions were modeled.  Model performance 

appeared to be skewed slightly on some days due to the difference in emissions between the 

typical fire emission set and actual year 2006 fires.  With regard to boundary conditions, model 

performance was improved by using MOZART boundary conditions, as discussed in the MPE 

Report (BLM-URS 2009). 

 

Due to a lack of monitored concentration data for ozone precursors in western Colorado, a 

precursor analysis was not performed. 

5.4.4. Model Performance Evaluation Conclusion 

The MPE indicated that the model is performing within USEPA‘s modeling guidelines most of 

the time, and particularly during the high ozone months of April and July.  Rural sites near the 

CRVFO and throughout western Colorado experience ozone peak concentrations during spring 

months, with the month of April having the highest historical concentrations.  In contrast, urban 

sites near Denver and along the Front Range experience maximum ozone concentrations in the 
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summer.  During 2006, maximum Front Range ozone concentrations occurred in July.  In order 

to address both of these phenomena, two episodes were selected for future-year modeling.  The 

month of April and the month of July were modeled to predict impacts from four Alternatives 

associated with future CRVFO oil and gas development. 

 

Hourly ozone statistics showed that most days during the April–July time period fall within 

USEPA statistical guidelines.  Model performance improved when looking at 8-hour daily 

maximum ozone concentrations, which is important since these values are compared to the ozone 

NAAQS when determining potential future-year impacts from CRVFO alternatives.   

 

Model performance is reasonably good at several of the rural monitors near the CRVFO.  For a 

large majority of days, model performance based on co-located monitors and closest monitors 

was within ±20 percent of observed values.  In April 2006, particularly good results are seen at 

the Gothic, Shamrock, and MVNP monitors.  Model performance during April 2006 could not be 

assessed at the Ripple Creek Pass, Sunlight Mountain, or Colorado NM sites, since these 

monitors did not operate during April.  Model performance for July 2006 was particularly good 

at the Gothic, Ripple Creek Pass, Sunlight Mountain, and Dinosaur NM sites.  Model 

performance at RMNP was variable. 

 

The model consistently over-predicted ozone during April and under-predicted ozone during 

July.  The reasons for these trends have not been determined. 

  

The MPE demonstrated that the model performs adequately to predict future year ozone 

concentrations within a reasonable margin of error, in accordance with USEPA guidelines and 

performance goals.  

5.5. EMISSIONS INVENTORY DEVELOPMENT AND PROCESSING 

Emissions inventory development involved development and processing of multiple emissions 

sets.  One set of emissions represented year 2006 base case emissions.  Five additional emissions 

sets represented year 2028 future year emissions scenarios.  The five future year emissions sets 

included a future year base case emissions scenario, which excluded CRVFO Project emissions 

and included year 2018 and 2028 cumulative emissions, and one future year emissions scenario 

for each of four CRVFO Alternatives.  Year 2006 base case emissions were built from existing 

PGM emissions inventories, while future year emissions inventories blended BLM-specific 

future year emissions inventories with existing future year inventories used in other PGM 

studies.  The future year base case inventory enables assessment of the incremental ozone 

concentrations associated with each Alternative by comparing these concentrations to future year 

base case ozone concentrations without CRVFO oil and gas development. 

 

Most PGM emissions inventories input into the SMOKE model were built from the WRAP 

Regional Modeling Center (WRAP-RMC), other regional planning organization emission sets,  

and the RoMANS emissions databases.  Emissions inventories representing years 2006 and 2018 

were used to represent current (base case) emissions and future year emissions, respectively.  

The 2018 future year PGM emissions inventories do not align with the 20-year time frame of the 

CRVFO LOP.  However, the 2018 emissions inventories provide the best available estimates of 

future year emissions for many source categories.  Year 2018 emissions sets were increased to 

include year 2028 emissions for the CRVFO and nearby BLM Field Offices.  
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The following sections provide a brief description of emissions sets included in the 2006 and 

2018 emissions inventories.  Detailed information on these emissions sets is included in the 

SMOKE Emissions Modeling Final Report (BLM-URS-UNC 2008) included in Appendix J. 

5.5.1. 2006 Base Case Emissions Inventory 

Four types of sources were included in the 2006 base case emissions inventory:  stationary area 

sources, mobile sources, point sources, and biogenic sources.  These general source types are 

distributed among the 20 source categories listed in Table 5-8.  Note that the WRAP oil and gas 

(WOG) inventories reflect the year 2005 and were assumed to be a reasonable representation of 

year 2006 emissions. 

  

Table 5-8.  2006 Base Case Emissions Inventory Categories 

Inventory 
Type and 

Abbreviation Spatial Coverage Description 

ar U.S., Canada, 

Mexico 

Stationary area, including dust and county-level fires  

bg North America and 

Caribbean 

Biogenic, calculated with BEIS3.12 using BELD3 1-km land-use 

mb WRAP On-road mobile, county-level emissions 

mbv MWRPO, MANE-

VU, VISTAS 

On-road mobile, county-level activities and speeds, emissions 

calculated with MOBILE6 

mbv1, mbv2 CENRAP On-road mobile, county-level activities and speeds, emissions 

calculated with MOBILE6 

nusm Canada, Mexico On-road mobile, county-level emissions 

nrm WRAP, CENRAP, 

MWRPO 

Non-road mobile, monthly and seasonal inventories 

nry U.S., Canada, 

Mexico 

Non-road mobile, annual inventories 

nwf CENRAP, VISTAS Point fires with pre-computed plume rise 

wnwf WRAP Point fires with pre-computed plume rise, does not include wildfires 

wwf WRAP Point fires with pre-computed plume rise, wildfires only 

pt U.S., Tribes, 

Canada, Mexico 

Stationary point, including Gulf of Mexico offshore 

cm Pacific Ocean, 

Atlantic Ocean,  

Gulf of Mexico 

Gridded commercial shipping lane emissions 

ofsar Gulf of Mexico Offshore drilling area sources 

wbd U.S., Canada, 

Mexico 

Windblown dust 

wnh3 WRAP Agricultural NH3 

nh3 CENRAP, MWRPO Agricultural NH3 

ptwog WRAP Point oil and gas 

wog WRAP, Tribes Area oil and gas 

CENRAP = Central Regional Air Planning Association 

MANE-VU = Mid-Atlantic/Northeast Visibility Union 

MWRPO = Midwest Regional Planning Organization 

VISTAS = Visibility Improvement – State and Tribal Association of the Southeast 

WRAP = Western Regional Air Partnership 
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5.5.2. 2018 Base Case Non-Oil and Gas Emissions Inventory 

The 2018 future year emissions inventory includes emissions growth due to projected population 

increases and other emissions-producing activity growth.  The 2018 emissions inventory also 

accounts for emissions decreases due to implementation of ―on the books‖ emissions standards 

and replacement of older high-emitting equipment with newer equipment incorporating better 

emissions controls.  For example, the 2018 emissions inventory accounts for emissions 

reductions associated with cleaner reciprocating engines.  Appendix J provides detailed 

information describing the data sets used for the 2018 base case emissions inventory. 

5.5.3. Integrating BLM Oil and Gas Emissions Growth With Future Year 
Inventories 

Each of the five future year CRVFO Alternative emissions sets required combination of the 

following four types of emissions. 

 

 Year 2018 non-oil and gas emissions sets (e.g., mobile, biogenic, etc.) 

 Year 2018 Phase II and WRAP / Independent Petroleum Association of Mountain States 

(IPAMS) oil and gas emissions 

 Year 2018 Four Corners Air Quality Task Force / Southern Ute Indian Tribe oil and gas 

emissions for the Piceance, Denver-Julesburg, and North San Juan Basins 

 Year 2028 WRFO Project and/or Cumulative emissions 

 

Phase II and Phase III oil and gas emissions inventories have been developed by the WRAP and 

IPAMs to foster visibility and ozone studies throughout the western states.  While the Phase II 

oil and gas emissions inventories included many VOC emissions sources, the Phase III 

inventories expanded the VOC emissions inventories to include more VOC sources, with a 

particular focus on inclusion of fugitive VOC emissions sources.  Phase III inventories provide 

more comprehensive emissions inventories; however, they have not been developed for all areas 

or for as many future years as the Phase II inventories.  This air quality analysis includes 

Phase III oil and gas inventories when sufficient Phase III data exist to achieve needed baseline 

to future year consistency.  For areas in which insufficient Phase III data are available, Phase II 

data were used.  Because both 2006 and 2018 emissions data were available, Phase III data were 

used for the following Colorado oil and gas basins:  Piceance Basin, Denver-Julesburg Basin, 

and the North San Juan Basin.  Due to the unavailability of 2018 Phase III data, year 2006 and 

2018 Phase II data were used for oil and gas activities in portions of Colorado outside the three 

basins mentioned above, Utah, Wyoming, and other states.  

 

Regional and national photochemical grid modeling emissions inventories were obtained and 

non-oil and gas emissions inventories were input into the SMOKE model without revision.  

However, oil and gas emissions within Colorado and Utah required special handling in order to 

properly integrate future year CRVFO, WRFO, and VFO oil and gas emissions with 

WRAP/IPAMS emissions sets without double counting emissions (see Section 5.5.4). 

5.5.3.1. CRVFO BLM Oil and Gas Emissions Summary 

The 2028 CRVFO Alternative emissions inventories used in the ozone assessment are derived 

from the emissions inventory included in Appendix A.  The emissions were processed using 
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SMOKE to speciate VOCs and also to geographically distribute emissions among the CAMx 

grid cells.  For consistency, the CRVFO emissions inventories include emissions for all major 

VOC emission source categories included in the Piceance Basin WRAP/IPAMS Phase III 

inventory.  Table 5-9 summarizes emissions for pollutants involved in ozone-forming 

atmospheric reactions, including CO, NOx, and VOC emissions for CRVFO Project sources 

associated with each Alternative during 2028.  For the ozone analysis, Project sources are 

defined to include emissions from sources located on BLM mineral estate.  Emissions calculation 

spreadsheets for these source groups are included in Appendix A. 
 

Table 5-9.  2028 CRVFO Project Emissions 

Pollutant 

Emissions (tpy) 

Alt. A Alt. B Alt. C Alt. D 

CO 1,279 176 176 997 

NOx 672 103 103 526 

VOC 5,375 2,171 2,171 3,571 

tpy = short tons per year 

 

5.5.3.2. Cumulative Oil and Gas Emissions Summary 

Oil and gas emissions for two additional Field Offices and for CRVFO non-Project sources 

(those on non-BLM land) were also estimated for the year 2028 ozone modeling.  Emissions for 

these source groups are shown in Table 5-10 and were estimated using methods consistent with 

those used for the CRVFO, based on available data.  Emissions calculation spreadsheets for 

CRVFO non-Project (non-BLM) emissions are included in Appendix A, while emissions 

calculation spreadsheets for the WRFO and VFO are included in Appendix B.  Oil and gas 

sources included in the WRFO emissions inventories were assumed to be subject to emissions 

control based on management actions included in the WRFO RMPA/EIS air quality analysis.  

Oil and gas sources included in the VFO emissions inventory were assumed to be subject to less 

stringent emissions control because they would not be subject to CRVFO or WRFO management 

actions associated with Alternatives B, C, or D.  In some cases, this assumption may be 

conservative.  Year 2028 oil and gas VFO emissions may overestimate future emissions if 

CDPHE and/or USEPA issue new regulations to further strengthen emissions controls on oil and 

gas sources. 

 
Table 5-10.  2028 Oil and Gas Cumulative Emissions 

Pollutant 

Emissions 
(tpy) 

Emissions 
(tpy) 

Emissions 
(tpy) 

Emissions 
(tpy) 

Alt. A Alt. B Alt. C Alt. D 

CO     

    CRVFO Non-BLM 2,367 1,949 1,949 2,877 

    WRFO 4,545 8,322 13,388 13,116 

    VFO 4,869 4,869 4,869 4,869 

CO Cumulative Total 11,781 15,140 20,206 20,862 

NOx     

    CRVFO Non-BLM 1,243 1,027 1,027 1,511 

    WRFO 2,468 4,285 6,780 6,610 

    VFO 3,805 3,805 3,805 3,805 

NOx Cumulative Total 7,516 9,117 11,612 11,926 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 5-31 

Table 5-10.  2028 Oil and Gas Cumulative Emissions 

Pollutant 

Emissions 
(tpy) 

Emissions 
(tpy) 

Emissions 
(tpy) 

Emissions 
(tpy) 

Alt. A Alt. B Alt. C Alt. D 

VOC     

    CRVFO Non-BLM 9,949 8,544 8,544 12,019 

    WRFO 19,295 14,073 21,926 27,373 

    VFO 5,092 5,092 5,092 5,092 

VOC Cumulative Total 34,336 27,709 35,562 44,484 

tpy = short tons per year 

Note:  The Phase III 2018 WRAP Oil & Gas emissions inventory provided LSFO estimated emissions to reflect future 

growth in the LSFO. 

 

The Project oil and gas emissions and cumulative oil and gas emissions shown in Table 5-9 and 

Table 5-10, respectively, were processed with SMOKE to prepare CAMx-ready inputs reflecting 

future oil and gas activity. 

 

For the LSFO, the 2018 WRAP / IPAMS Phase III oil and gas inventory (the farthest future year 

available) was used without revision.  This decision was made after reviewing available data 

from the Air Quality Impact Assessment Technical Support Document, Little Snake Resource 

Management Plan, Moffat, Routt, and Rio Blanco Counties, Colorado (BLM 2008c).  The 2018 

WRAP / IPAMS Phase III data were more recent and included comprehensive VOC emissions 

that were estimated in a manner consistent with the 2006 Phase III base case emissions 

inventory. 

5.5.3.3. Summary of Future Year Scenario Emissions 

 

CRVFO and nearby Field Office oil and gas emissions for the five future year scenarios are 

summarized below. 

 

 Future Year Base Case (CRVFOBase18A):  This emissions scenario includes cumulative 

emissions consisting of WRFO Alternative D emissions (the least stringent emissions 

scenario) and VFO RFD emissions. 

 Alternative A (CRVFO18aAltA):  This emissions scenario includes CRVFO 

Alternative A, WRFO Alternative A, and VFO RFD emissions. 

 Alternative B (CRVFO18aAltB):  This emissions scenario includes CRVFO 

Alternative B/C, WRFO Alternative B, and VFO RFD emissions. 

 Alternative C (CRVFO18aAltC):  This emissions scenario includes CRVFO 

Alternative B/C, WRFO Alternative C, and VFO RFD emissions. 

 Alternative D (CRVFO18aAltD):  This emissions scenario includes CRVFO 

Alternative D, WRFO Alternative D, and VFO RFD emissions. 

5.5.4. Oil and Gas Emissions Inventory Processing 

As mentioned earlier, oil and gas emissions within Colorado and Utah required special handling 

in order to properly integrate Project and cumulative oil and gas emissions with 2018 emissions 
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sets that could potentially include duplicative emissions.  The four primary SMOKE modeling 

goals of the CRVFO Alternative modeling scenarios are listed below. 

 

 Account for oil and gas emissions associated with the CRVFO Alternatives and with 

updated RFD for the WRFO, and VFO. 

 Place Alternative and cumulative emissions within high potential natural gas 

development areas within these BLM Field Offices. 

 Avoid double counting emissions included in the 2018 WOG inventory. 

 Avoid double counting oil and gas emission sources that may be included in the Colorado 

point source inventory category and consolidate oil and gas emission sources into the 

appropriate oil and gas emission source categories. 

 

Because the CRVFO Project / cumulative emissions inventories and the WRAP inventories were 

created at different times and with different types of data sources and data collection methods, 

the two raw inventories differ significantly.  However, each of these emissions inventories plays 

a useful role in this ozone analysis, as follows. 

 

 The CRVFO Project and cumulative (WRFO and VFO) emissions inventories were used 

to represent future year emissions for year 2018 modeling in relevant areas of Colorado 

and Utah.  These inventories reflect updated RFD information and also include additional 

VOC sources such as well completion activities.  Furthermore, the CRVFO Project 

emissions reflect differences in development and emissions control that are specific to 

each of the four Alternatives for the CRVFO and for the WRFO.   

 2018 WOG emissions were used to represent oil and gas emissions in areas outside of the 

CRVFO, WRFO, and VFO. 

 

Both the 2018 WOG and the 2018 CRVFO Project and cumulative emissions inventories 

account for emissions growth between 2006 and 2018.  However, the CRVFO Project and 

cumulative emissions inventories address only a subset of the geographic area included in the 

WOG.  Consequently, only those 2018 WOG emissions located within the CRVFO, WRFO, and 

VFO were replaced with CRVFO Project and cumulative emissions inventories. 

 

The following sections describe the steps for integrating the oil and gas emissions inventories for 

Colorado and Utah. 

5.5.4.1. Organizing CRVFO Project and Cumulative Emissions 

The first step in integrating oil and gas emissions involved parsing the CRVFO Project and 

cumulative emissions into source classification codes (SCCs) and separating them into point and 

area source groups.  This effort aligned and organized the emissions that were developed for 

CALPUFF modeling into appropriate groupings for comparison with the WOG emissions 

structure.  As shown in Figure 5-7, each CRVFO Alternative‘s emissions were separated into 

area and point source groups.  Area sources included well pad construction and production 

emissions, including drill rig emissions.  Point sources included compressor stations and gas 

processing plants. 
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In addition to providing emissions for input to SMOKE, two shape files were provided to 

indicate the locations of well pads and drill rigs.  Well numbers, rather than production numbers, 

were used to spatially allocate emissions.  

 
 

 

Figure 5-7.  CRVFO Project and Cumulative Emissions Development for SMOKE Input 
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5.5.4.2. Revised 2018 WOG Area Source Emissions 

The 2018 WOG area source emissions inventories for Colorado and Utah were revised to prevent 

over counting of emissions growth due to increased development in the CRVFO, WRFO, and 

VFO. 

 

Figure 5-8 illustrates the process used to revise 2018 WOG area source emissions.  The revised 

emissions inventory is a combination of 2006 WOG data (representing current oil and gas 

emissions) and 2018 WOG data (representing future growth outside of the RFD areas).  The first 

step in the process was to delete all drill rig emissions from the 2006 and 2018 WOG area source 

emissions inventories for the WRFO, CRVFO, and VF.  This change reflected the fact that all 

drill rig engines operating during 2028 within the CRVFO, WRFO, and VFO are accounted for 

in the CRVFO Alternative and cumulative emissions inventories.  In order to include oil and gas 

emissions from existing sources, year 2006 oil and gas emissions replaced 2018 WOG emissions 

within the CRVFO, WRFO, and VFO.  By adding existing 2006 and future 2028 emissions, all 

emissions are accounted for in the CRVFO, WRFO, and VFO cumulative emissions sets.  For all 

other geographic areas within Colorado and Utah (and for all other states), 2018 emissions are 

included in the revised 2018 WOG inventory.  

 

Shape files were created to allocate revised WOG area source emissions to the proper locations. 
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Figure 5-8.  2018 WOG Area Source Emissions Revision for SMOKE Input 
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5.5.4.3. Revised 2018 WOG Point Source Emissions 

2018 WOG point source emissions within Colorado and Utah were also revised to prevent over 

counting of emissions growth in the CRVFO, WRFO, and VFO.  Figure 5-9 illustrates the 

process used to revise 2018 WOG point source emissions.  The revised emissions inventory is a 

combination of 2006 WOG data and 2018 WOG data.  For the geographic areas within the 

CRVFO, WRFO, and VFO, the 2018 WOG includes oil and gas emissions for year 2006.  For all 

other geographic areas within Colorado and Utah (and for all other states), 2018 emissions are 

included in the revised WOG inventory.  

 

 

 
 

Figure 5-9.  2018 WOG Point Source Emissions Revision for SMOKE Input 

 

5.5.4.4. Oil and Gas Emissions Inventories Input to SMOKE 

After removing duplicative oil and gas emissions from the WOG area and point source 

inventories, all oil and gas emissions for 2018 were input into SMOKE.  Figure 5-10 illustrates 

the oil and gas emissions data sets and shape files that accounted for 2018 oil and gas emissions. 



 Air Resources Technical Support Document 
 

 

Colorado River Valley RMP Revision 5-37 

 

 

 

Figure 5-10.  2018 Oil and Gas Emissions Input Into SMOKE for One Alternative 
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5.5.5. SMOKE Processing and Quality Assurance 

All emissions sets were processed with SMOKE to produce CAMx-ready emissions files.  

SMOKE processing parameters and quality assurance methods are described in the Emissions 

Modeling Final Report included in Appendix J. 

 

The report in Appendix J was originally written for the WRFO photochemical grid modeling 

analysis, which included CRVFO oil and gas emissions.  Many of the same emissions modeling 

outputs were used in the CRVFO modeling.  The following is a list of differences that should be 

noted when reading the emissions report provided in Appendix J. 

 

 The 2018 Base Case for CRVFO (CRVFO18BaseA) incorporated all of the updates that 

went into the WRRA18BaseE modeling.  The only difference between these two 

SMOKE runs were the oil and gas area and point source files. 

 The Alternatives runs in the report were referred to as WRRA18eAltA, etc.  The outputs 

for these SMOKE runs were identical to the Alternatives used in the CRVFO modeling, 

with the exception that the nomenclature was changed so that figures in this ARTSD 

indicate CRVFO Alternatives.  For example, the emissions modeling results for 

CRVFO18aAltA are identical to the results for WRRA18eAltA. 

 An extra row was added to Table 2-1 for the CRVFO 2018 Base Case emissions inputs in 

the following directory: /projects/WRRA/smoke/data/inventory/crvfo18. 

 The files listed for the 2018 Base Case modeling in Table 2-5 for WRRA18BaseE were 

changed to CRVFO18BaseA and included no CRVFO Alternative D files.  These files 

were replaced by WRFO Alternative D files.  This also applied to Table 2-6 of 

Appendix J for point sources. 

 The ―Base‖ values in Table 5-2 of Appendix J were revised as shown below in Table 

5-11. 

 
 

Table 5-11.  2018 CRVFO and WRFO Oil and Gas Emissions for Future Year Modeling 

Emissions Scenario 

Emissions (tpy) 

 CO             NOX            VOC            NH3           SO2 PM10  PM2.5 

Area Sources        

Future Year Base Case 5,346 3,447 21,192 0 37 11,020 1,357 

Alternative A 3,536 3,099 32,516 0 17 19,889 2,230 

Alternative B 4,127 3,210 21,062 0 24 8,714 1,119 

Alternative C 5,073 3,529 26,102 0 32 10,639 1,326 

Alternative D 6,121 3,935 35,697 0 41 11,683 1,452 

Point Sources        

Future Year Base Case 12,639 6,968 11,273 0 12 306 306 

Alternative A 9,305 4,979 7,119 0 6 154 154 

Alternative B 11,189 6,009 8,819 0 8 196 196 

Alternative C 15,309 8,185 11,632 0 10 250 250 

Alternative D 15,628 8,463 12,320 0 12 306 306 
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5.6. PHOTOCHEMICAL GRID MODELING METHODOLOGY 

5.6.1. Modeling Parameters 

In addition to the emissions and meteorological inputs to a PGM, other inputs are required to 

drive the modeling system.  Prior to executing the model, several switches or options must be 

identified regarding the model chemistry, the numerical diffusion scheme, and the type of grid 

nesting.  As a dynamic system, PGMs also require information that can affect concentration 

predictions; these are items external to what is happening within the modeling domain, but are 

required in accounting for ozone production.  These external, existing parameters are the initial 

conditions, boundary conditions, top concentrations, photolysis rates, and albedo/haze/ozone 

column data.  These model switches and external conditions are discussed in detail below.  

 

Table 5-12 summarizes the parameters for the CAMx model that were used for this modeling 

exercise.  Version 4.5.1 of the CAMx model was used, with Carbon Bond version 5 (as updated 

for isoprene chemistry) as the chemical mechanism.  The chemical species, reactions, and rate 

constants are determined by CB05.  The CMC chemistry solver option was used in order to 

speed-up the model chemistry. 

 

This modeling application is intended only to provide estimates of ozone concentrations, and not 

particulate matter concentrations.  Therefore, CAMx mechanism ID 6 (without aerosols), which 

includes ozone but not particulate matter chemistry, was selected. 

 

The Piecewise Parabolic Method (PPM) was selected as the advection solver.  This method is 

more accurate than the Bott solver.  The choice between the PPM and Bott solvers has a 

negligible effect on model run time. 

 

Two-way horizontal grid nesting was used to allow pollutant concentrations to be transmitted 

both in and out of the nested grids.  Vertical grid nesting was not used and the vertical layer 

structure was consistent for all three modeling grids. 

 
Table 5-12.  CAMx Modeling Parameters 

Parameter Value 

Version 4.5.1 

Chemical Mechanism CB05 Mechanism 6 

Chemistry Solver CMC 

Advection Solver PPM 

Horizontal Nesting 2-Way 

Vertical Nesting None 

5.6.2. External Model Inputs 

Table 5-13 summarizes datasets used for input into CAMx.  The remainder of this Section  

provides additional details about some of these CAMx inputs. 
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Table 5-13.  Summary of CAMx Input Data 

File Type Source 

Albedo/Haze/Ozone Column Files Created by the AHOMAP program from daily TOMS data files. 
a
 

Photolysis Rates Files 
Created by the TUV program from the albedo/haze/ozone column 

files. 

Top Concentration File Created by ENVIRON for WRAP 2002 modeling. 

Meteorological 

Files 

Landuse File 

Created by MM5CAMx program from RoMANS MM5 modeling 

files. 

Height/Pressure File 

Wind File 

Temperature File 

Water Vapor File 

Cloud/Rain File 

Vertical Diffusivity 

File 

Initial Conditions File Created by ENVIRON from a 2002 GEOS-CHEM run. 

Boundary Conditions Files Created by ENVIRON from a 2006 MOZART run. 

Elevated Emissions Files Created by the SMOKE emissions processor. 

Low-level Emissions Files Created by the SMOKE emissions processor. 
 

AHOMAP = Albedo/Haze/Ozone Mapping 

MOZART = Model for Ozone and Related Tracers 

GEOS-CHEM = Goddard Earth Observing System Chemistry Model 

TOMS = Total ozone mapping spectrometer 

TUV = Tropospheric Ultraviolet and Visible Radiation Model 

a
 http://toms.gsfc.nasa.gov/ozone/ozone_v8.html 

5.6.2.1. Initial and Boundary Conditions 

CAMx requires specification of initial conditions for model species in each grid cell in the model 

domain (in all layers) and boundary conditions for all grid cells along each of the boundaries (in 

all layers).  Generation of initial and boundary conditions for individual model species includes 

gas-phase mechanism species, non-reactive species, and tracer species. 

 

Boundary conditions represent pollution inflow into the model and initial conditions provide an 

estimate of pollution that already exists.  The initial conditions are usually considered to be 

background concentrations of pollutants.  Both initial and boundary conditions may vary in time 

and in vertical space.    

 

The initial conditions used for the CAMx modeling (both for 2006 and 2018 scenarios) were 

consistent with those used in the WRAP modeling studies.  The boundary conditions used in the 

modeling came from new files created by Environ using outputs from the MOZART global 

chemistry model.  Results from a test case with boundary conditions created from GEOS-CHEM 

outputs showed that the model was over-predicting ozone by a large margin.  The boundary 

conditions created from the MOZART model showed much better agreement with the observed 

ozone values. 
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5.6.2.2. Photolysis Rates 

For chemical reactions in CB05 that are dependent on solar irradiation, photolysis rates must be 

provided for each grid cell.  Photolysis rates are dependent on solar zenith angle, altitude, total 

ozone column, surface albedo, and atmospheric turbidity.  The photolysis rates were calculated 

using the ―TUV‖ program from Environ. 

5.6.2.3. Albedo/Haze/Ozone 

The photolysis rates depend upon the surface UV albedo, atmospheric haze, and the stratospheric 

ozone column. The albedo/haze/ozone file specifies how these parameters vary in time and space 

for the CAMx simulation.  The surface albedo was determined from gridded land use data.  Total 

Ozone Mapping Spectrometer (TOMS) satellite data was used to determine the stratospheric 

ozone column.  Finally, atmospheric turbidity (i.e., haze) was assumed to be constant throughout 

the domain.  The albedo/haze/ozone inputs were calculated using the ―ahomap‖ program from 

ENVIRON. 

5.6.2.4. Land Cover and Land Use 

CAMx requires gridded land use data to characterize surface boundary conditions, such as 

roughness, deposition parameters, albedo, vegetative distribution, and water/land boundaries. 

Gridded geographic data was developed from USGS land use/land cover and topographic 

databases.  Land use data are freely available from a USGS web site for most of the nation at 

200 m resolution.  The land use/land cover data was identical to that used in the WRAP and 

RoMANS modeling. 

5.6.3. Modeling Periods 

The 2006 Base Case run was split into two periods.  Table 5-14 shows the modeling periods and 

the ramp-up time for each modeling period. 

 
Table 5-14.  CAMx 2006 Base Case Modeling Periods 

 Period 1 Period 2 

Ramp Up March 17–31, 2006 June 16–30, 2006 

Modeling April 2006 July 2006 

 

The 2018 Alternatives were run for two episodes: one for the month of April and another for the 

month of July.  Table 5-15 shows the modeling periods and the ramp-up time for each episode. 

 
Table 5-15.  CAMx 2018 Alternatives Modeling Periods 

 Episode 1 Episode 2 

Ramp Up March 22–31, 2006 June 21–30, 2006 

Modeling April 2006 July 2006 
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5.7. ASSESSMENT OF PREDICTED OZONE IMPACTS 

5.7.1. Ozone Analysis Approach 

Predicted ozone concentrations from the CAMx model were analyzed to determine ozone-related 

air quality impacts to the CRVFO and surrounding areas.  The analysis focused on ozone impacts 

in the CRVFO and within the 4 km domain, which includes the closest current ozone 

nonattainment area (the DMA).  The only other ozone nonattainment area within the 12 km 

domain is the Phoenix, Arizona area.  As described below, ozone impacts from natural gas 

development in the CRVFO have a limited geographic extent. 

 

Ozone impacts were analyzed in terms of relative changes compared to existing air quality and in 

terms of absolute predicted concentrations for each of the four CRVFO Alternatives combined 

with cumulative emissions.  Background information and data analysis methods are explained in 

this Section, along with descriptions of predicted ozone impacts.   

5.7.1.1. USEPA Guidance 

Analysis of predicted ozone impacts for the CRVFO RMP revision followed USEPA guidance to 

the extent practical.  Guidance on the Use of Models and Other Analyses for Demonstrating Attainment 

of Air Quality Goals for Ozone, PM2.5, and Regional Haze (USEPA 2007b) provides the most recent 

USEPA guidance on using PGMs to predict ozone concentrations and assess ozone attainment 

status.  With regard to ozone analyses, this guidance primarily sets forth state implementation 

plan (SIP) modeling procedures used to demonstrate that additional VOC and/or NOx emissions 

reductions will bring ozone nonattainment areas into compliance with the ozone NAAQS. 

 

However, several factors specific to the CRVFO ozone analysis prompted departures from 

USEPA guidance, as described below. 

 

 Revisions to reflect the 0.075 ppm standard — USEPA‘s guidance is currently based on 

the 0.08 ppm 8-hour ozone NAAQS, although the ozone NAAQS was revised to 0.075 

ppm on March 27, 2008 (USEPA 2008).  This analysis used 0.075 ppm as the threshold 

for several calculations, rather than greater thresholds that are tied to the 0.08 ppm 

standard.  

 

 Lack of nearby ozone monitors with sufficient data — The CRVFO is located in a rural 

area that is currently designated ozone unclassifiable/attainment.  The Gothic monitor is 

the only ozone monitor located near the CRVFO that has sufficient year 2006 ozone 

monitoring data to calculate design values in accordance with USEPA guidance.  (Note 

that two ozone monitors were installed and began operating in the WRFO during 2010.) 

 

 Less-defined study area — The geographical extent of the study area is less well defined 

for the CRVFO analysis than would be true for SIP modeling, which generally focuses 

the air quality assessment on predicted ozone concentrations at monitors within the 

nonattainment area of interest. 

 

In-depth ozone impact assessment is relatively new to NEPA analysis and best practices for 

NEPA PGM analysis are currently being developed by the modeling community.  NEPA allows 

flexibility to determine technically defensible methods for conducting natural resource impact 
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assessments.  This modeling analysis is based on existing SIP guidance, which has been adapted 

for NEPA purposes. 

5.7.1.2. Ozone Design Values and Monitor Locations 

Ozone DVs (both baseline and future DVs) have the same format as the 8-hour ozone NAAQS 

and can be compared directly to the ozone NAAQS to assess compliance.  Ozone NAAQS 

compliance occurs when the DV (based on three full years of data) is less than or equal to 

0.075 ppm, which is the ozone NAAQS as of May 16, 2011.  USEPA is in the process of 

reconsidering the ozone NAAQS and proposed to revise the standard within the range of 0.060 to 

0.070 ppm (GPO 2010c).  Because a revised ozone NAAQS has not been set and the 0.075-ppm 

standard remains effective, this analysis compares modeled results to the current standard of 

0.075 ppm. 

 

The baseline DV (DVB) is the current value, which is determined at each individual ozone 

monitor and is defined as the 3-year average of the 4
th

 highest daily maximum 8-hour ozone 

concentration measured at the monitor.  The future DV (DVF) is predicted based on future-year 

ozone modeling. 

 

Table 5-16 provides a list of ozone monitors within the 4 km domain and shows those years for 

which adequate ozone monitoring data was available to calculate DVs.  For example, the DVB 

for year 2006 was based on monitoring data from the years 2004, 2005, and 2006.  The table is 

organized by general location of the monitor, with rural monitors presented first and urban Front 

Range monitors presented last.  The rural monitors are ordered according to their proximity to 

the CRVFO natural gas high development area, with the closest monitors listed first.  The Gothic 

monitor is the closest monitor with three-year design values based on full-year data for each of 

the three years.  Although the Sunlight and Ripple Creek Pass monitors are the closest monitors 

to the CRVFO and WRFO gas development areas, these monitors collected data only during 

summer months.  Appendix I provides a list of ozone monitors within the 12 km domain and 

Map I-1 illustrates their locations.   
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Table 5-16.  Data Availability for 4 km Domain Monitors 

 

Monitor 
ID 

Location 
Description 

Monitor 
Type 

Year  

2004 2005 2006 2007 2008 Notes 

Rural Monitors 

GTH161 Gothic EPA-

CASTNet 

      

SUNM Sunlight USFS      Passive monitor.  Data 

available for June-August. 

RPCK Ripple Creek Pass USFS      Passive monitor.  Data 

available for June-August. 

COLM Colorado NM NPS-

POMS 

     Portable monitor.  Data 

available for May-

September. 

080690007 Rocky Mountain 

NP 

NPS-

CASTNet 

      

ROM206 Rocky Mountain 

NP Co-Located 

USEPA-

CASTNet 

      

DINO Dinosaur NM NPS-

POMS 

     Portable monitor.  Data 

available for March-

September. 

SHAM Shamrock USFS/ 

BLM 

      

080830101 Mesa Verde NP NPS-

CASTNet 

      

Front Range Monitors 

080013001 3174 E. 78th Ave. SLAMS       

080050002 8100 S. University 

Blvd. 

NAMS       

080130011 1405 ½ S. 

Foothills Parkway 

SLAMS       

080310002 2105 Broadway – 

CAMP 

SLAMS       

080310014 2325 Irving St. SLAMS       

080350004 11500 N. 

Roxborough Park 

Rd. 

SLAMS       

080410013 Road 640, USAF 

Academy 

NAMS       

080410016 101 Banks Pl. SLAMS       

080590002 9101 W. 57th Ave. NAMSs       

080590005 12400 W. Hwy 

285 

SLAMS       

080590006 16600 W. 

Colorado, #128 

Other       

080590011 2054 Quaker St. SLAMS       

080690011 3416 La Porte 

Ave. 

Special 

Purpose 

     Data available for May-

December for year 2006. 

080691004 708 S. Mason St. SLAMS       

081230009 3101 35th Ave. SLAMS       

 

 

Because this analysis is not designed to determine ozone attainment designations, existing partial 

year data were used whenever possible to characterize ozone impacts.  Note, however, that ozone 

nonattainment designations cannot be made for areas that do not have at least three years of 

ozone monitoring data that meets USEPA quality assurance criteria. 
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5.7.1.3. Terminology 

The PGM results presented below refer to multiple emissions sets when describing ozone 

impacts.  Descriptions of each emissions set are provided below. 

 

 ―CRVFO18aAltA‖ refers to the Alternative A modeled scenario for the CRVFO.  This 

scenario includes the following: 

o Alternative A CRVFO Project emissions for year 2028 

o WRFO, LSFO, and VFO RFD emissions estimates for year 2028 

o National and regional emissions inventories for year 2018 

 

[Similar combinations of emissions are included for cumulative Alternatives B 

(CRVFO18aAltB), C (CRVFO18aAltC), and D (CRVFO18aAltD).] 

 

 ―Base06c‖ refers to the 2006 emissions base case.  This emissions set reflects existing 

emissions, and is described in more detail in Section 5.5 and Appendix B. 

 

 ―CRVFOBase18A‖ refers to the future year base case, which includes all future year 

emissions sets except for the CRVFO Project emissions associated with Alternative A, B, 

C, or D.  This emissions set is described in more detail in Section 5.5 and Appendix B. 

 

When ―Alternative A‖ (or Alternative B, C, or D) is used in the text within this Chapter, it refers 

only to those emissions associated with the specific Alternative and does not include cumulative 

emissions. 

5.7.1.4. Visual Tools 

Many visual Package for Analysis and Visualization of Environmental data (PAVE) plots are 

provided in this analysis.  Each plot includes identifying information in the header and footer.  

The header information always includes the emissions set that is represented (e.g., Alternative A) 

and the modeling domain that is shown.  Within the Appendices, the type of ozone concentration 

shown (e.g., daily maximum 8-hour ozone) is also shown in the header.  Footer information 

includes the date and time (which is usually zero for this analysis, indicating that the entire day is 

represented).  Also included in the footer are the minimum and maximum ozone concentrations 

(in ppm) included in the plotted area and the grid coordinates indicating the locations for the 

maximum and minimum predicted concentrations. 

 

Some PAVE plots show absolute concentrations while others show the concentration difference 

between two modeled scenarios.  Absolute concentrations indicate raw predicted ozone 

concentrations.  An absolute concentration that appears to exceed the NAAQS is not 

deterministic due to the following reasons. 

 

 An ozone NAAQS exceedance is determined based on multiple 8-hour daily maximum 

ozone concentrations occurring over three years.  An individual predicted ozone 

concentration above 75 ppb does not indicate a violation of the ozone NAAQS. 

 Nonattainment can only be determined based on ozone monitoring data at a monitoring 

site that meets USEPA criteria for data quality and completeness. 

 Predicted ozone concentrations are not necessarily accurate and must be interpreted in the 

context of the MPE and other data (such as the relative response factor [RRF]) to 

determine whether the data indicates potential attainment or nonattainment. 
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 The emissions sets used in the modeling are estimates created by different entities and the 

accuracy of these estimates can vary. 

 

Difference plots were used to isolate predicted impacts.  For example, a difference plot labeled 

CRVFO18aAltD – CRVFO18BaseA indicates the difference in ozone concentrations when 

CRVFO18BaseA emissions‘ impacts are subtracted from CRVFO18aAltD emissions‘ impacts.  

This difference in concentrations illustrates the incremental ozone impact attributable to 

Alternative D Project emissions compared to future year cumulative emissions without 

Alternative D Project emissions. 

5.7.2. Existing Regional Ozone Levels 

The current ozone primary and secondary NAAQS of 0.075 ppm (GPO 2008) are being 

reconsidered and are expected to be revised during Summer 2011 (GPO 2010c, GPO 2010d).  

Promulgation of new ozone NAAQS will require USEPA to identify ozone nonattainment areas 

based on the new standards.  Current ozone nonattainment area designations are based on the 

older 0.08 ppm NAAQS, which were replaced on March 27, 2008 by more stringent ozone 

primary and secondary standards of 0.075 ppm (GPO 2008).   

 

Although the 0.075 ppm ozone standards became effective on May 27, 2008, USEPA has not 

designated any areas nonattainment under this standard and has delayed that process due to its 

reconsideration of the 0.075 ppm standards.  The agency announced that new area designations 

will be based on the future more stringent ozone (rather than on the current 0.075 ppm standards) 

and that development of revised ozone area designations will take several years.  Consequently, 

current ozone nonattainment area designations do not reflect the current 0.075 ppm standard or 

the upcoming revised standard, which is expected to be set within the range of 0.060 to 0.070 

ppm. 

   

Map 5-3 shows the locations of areas throughout the nation that are currently designated ozone 

nonattainment under the 0.08 ppm standard (USEPA-TTN 2009).  Within the 12 km modeling 

domain, only the DMA and the Phoenix, Arizona areas are designated ozone nonattainment.  The 

CRVFO and nearby oil and gas development areas are located in an ozone unclassifiable/ 

attainment area. 
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Map 5-3.  Current Ozone Nonattainment and Maintenance Areas (0.08 ppm Standard) 

 

Map 5-4 shows a closer view of the DMA nonattainment area (CDPHE-APCD 2009).  As shown 

in the map, the DMA includes the portion of RMNP that falls within Larimer County (on the 

eastern side of the Continental Divide).  The nonattainment area includes all of the following 

counties:  Adams, Arapahoe, Boulder, Broomfield, Denver, Douglas, and Jefferson.  Portions of 

Larimer and Weld Counties are also included in the nonattainment area. 
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Map 5-4.  Denver-Boulder-Greeley-Ft. Collins-Loveland Ozone Nonattainment Area 
(0.08 ppm Standard) 

5.7.3. Predicted CRVFO Project Ozone Impacts 

5.7.3.1. Geographic Extent of CRVFO Impacts 

On most modeled days, the geographic extent of CRVFO Project impacts is generally limited to 

the CRVFO and nearby counties in Colorado.  CRVFO Project impacts rarely extend into Utah 

and never extend into the DMA. 

 

Project emissions for Alternative D have the greatest geographic extent.  Alternative D 

difference plots (CRVFO18aAltD – CRVFOBase18A) illustrate the extent of ozone due to the 

Project emissions increases associated with Alternative D.  In these difference plots, negative 

(bluer) values indicate ozone decreases, while positive (redder) values indicate ozone increases.  

Figure 5-11 illustrates the maximum northern extent of ozone increases associated with 

Alternative D Project impacts, while Figure 5-12 illustrates the extent to the east.  Figure 5-13 

illustrates the maximum western and southern extents, which both occur on July 21. 
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Figure 5-11.  Northern Geographic Extent of Alternative D Project Impacts (8-hour daily 
max) 

 

Figure 5-12.  Eastern Geographic Extent of Alternative D Project Impacts (8-hour daily 
max) 
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Figure 5-13.  Southern and Western Geographic Extent of Alternative D Project Impacts  
(8-hour daily max) 

 

During the April and July episodes and for all Alternatives, CRVFO Project impacts do not 

encroach on the DMA, which is designated nonattainment for ozone.  CRVFO Project impacts 

also do not extend into RMNP or near the RMNP ozone monitors, which are northeast of the 

CRVFO.  An example of the furthest extent of CRVFO Project impacts toward the DMA and 

RMNP is shown in Figure 5-14.  On April 2, CRVFO Alternative D Project impacts remain at 

least 115 km from the western edge of the DMA and the RMNP. 
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Figure 5-14.  April 2 Greatest Extent of Ozone Impacts Toward DMA and the RMNP Due to 
CRVFO Project Emissions 

5.7.3.2. Incremental Ozone Increase Due to CRVFO Project 

The greatest ozone concentration increases due to Project emissions for each of the modeled 

episodes is 2 ppb occurring on April 19, 20, 21, and 26 (with the greatest extent on April 20) and 

5 ppb occurring on July 14 (Figure 5-15).  For both episodes, the maximum increases occur 

within the CRVFO area.  The average daily maximum ozone increase attributable from CRVFO 

Project emissions is 0.7 ppb during April and 2.5 ppb during July for Alternative D.     
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Figure 5-15.  Greatest 8-hour Daily Max Ozone Concentrations Due to 
CRVFO Project Emissions 

 

With regard to the geographic extent of each modeled day‘s 8-hour maximum ozone 

concentration attributable to CRVFO Project emissions, maximum concentration changes occur 

in the CRVFO, most specifically Garfield County, for all days of both episodes.  The greatest 

impact due the CRVFO Project emissions always occurs within Colorado.  

 

In terms of maximum predicted absolute ozone concentrations, the two highest ozone days 

within the 4 km domain are April 28 within the CRVFO boundary and July 17 beyond the 

CRVFO boundary (see Figure 5-17, Figure 5-20, and Figure 5-22 for plots showing absolute 

concentrations).  On April 28, the incremental ozone impact due to Alternative D Project 
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emissions compared to future year base case emissions is predicted to be 0 ppb, as shown in 

Figure 5-16.  Based on these modeling predictions, CRVFO Project emissions do not contribute 

to high ozone concentrations predicted on April 28.  Instead, ozone transport from outside the 

4 km domain as well as ozone precursor emissions from other areas within the 4 km domain are 

the major contributors to high absolute ozone concentrations. 

 

With regard to July 17 high ozone concentrations beyond the CRVFO and within the 4 km 

domain, the incremental impact due to (and within) the CRVFO was 5 ppb compared to the 

future year base case, as previously shown in Figure 5-15.  

 

 

Figure 5-16.  Geographic Extent of Ozone Impacts Due to CRVFO Project Emissions on 
Highest CRVFO Ozone Day  

 

5.7.3.3. Differences Among Alternatives 

Predicted ozone concentration differences among the Alternatives occur, and are greater for 

Alternatives C and D.  Three sets of 4 km difference plots were compared.  Each plot compared 

the 8-hour daily maximum predicted ozone concentrations by subtracting the CRVFO18aAltA 

concentrations at each grid cell from one of the other Alternative‘s (e.g., CRVFO18aAltB, etc.).  

Recall that the CRVFO18aAltA emissions scenario is not a zero-emission growth scenario. 

 

Table 5-17 summarizes the ozone concentration differences between Alternative A and the other 

Alternatives by providing the number of days with a maximum difference of 0 ppb or less, the 

number of days with a maximum difference of 1 ppb, and the maximum and second maximum 

differences that were identified.  A large number of days with a difference of 0 ppb or less 

indicates no ozone increase (0 ppb difference or an ozone concentration decrease) when 

subtracting Alternative A predicted concentrations from another Alternative‘s (i.e., B, C, or D) 

concentrations.  A difference of 1 ppb indicates a slight increase in ozone from that predicted for 

Alternative A.  Consequently, a large number of days listed in the first row of the table indicates 

a large number of days with no increase in ozone concentrations.  A large number of days listed 
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in the second row of the table indicates that many days would have a slight increase in ozone 

concentrations. 

 

Daily maximum concentration differences are shown in the third row of the table, while the 

second highest maximum concentration difference is shown in the fourth row of the table.  In 

these two rows of the table, the numbers indicate the magnitude of ozone concentration increases 

between Alternative A and the other Alternatives.  Finally, the average maximum ozone 

concentration differences are shown in the last row of the table. 

 

In April, Alternative B, C and D ozone concentration results were similar to those for 

Alternative A, with more than 25 days differing from Alternative A concentrations by no more 

than 1 ppb.  In July, Alternative B and C ozone concentration results were similar to the 

Alternative A results, with more than 21 days differing from Alternative A concentrations by no 

more than 1 ppb.  Alternative D showed greater ozone increases compared to Alternative A in 

July.  For Alternative D, only 8 days during July had an ozone increase of 1 ppb or less.  

Furthermore, the average ozone concentration increase for Alternative D was 2.5 ppb in July, 

which is much greater than the average ozone concentrations for Alternatives B and C for April 

and July. 

 
Table 5-17.  Summary of Maximum Differences Between Alternatives in 4 km Domain 

Difference Criteria 

April July 

Alt B – 
Alt A 

Alt C – 
Alt A 

Alt D – 
Alt A 

Alt B – 
Alt A 

Alt C – 
Alt A 

Alt D – 
Alt A 

Number of Days 0 ppb 12 5 12 2 7 0 

Number of Days =1 ppb 13 25 14 19 20 8 

Maximum Difference (ppb) 3 1 2 2 2 5 

2
nd

 Maximum Difference (ppb) 2 1 2 2 1 4 

Average Maximum Difference (ppb) 0.8 0.8 0.7 1.3 0.9 2.5 

5.7.4. Predicted Cumulative Ozone Impacts 

Cumulative impacts were determined for each of the four Alternatives, and reflect predicted 

impacts from each of the Alternatives combined with oil and gas RFD and growth in regional 

and national emissions databases to 2018 emissions levels.  Ozone impacts were assessed using 

the following two separate methods. 

 

 Ozone DV predictions for future years based on USEPA guidance 

 Ozone concentration predictions using absolute modeled results 

5.7.4.1. Ozone Future Year DV Projections 

USEPA guidance (2007b) provides a method to predict the future year DV (DVF) at each 

monitor.  In this approach, modeled ozone concentrations are used in a relative rather than an 

absolute sense.  This method involves two steps: calculating the RRF and then using the RRF to 

calculate the DVF from the DVB.  The DVF for each monitor is then compared to the ozone 

NAAQS to determine whether the standard is likely to be met at that monitoring site. 

5.7.4.1.1. RRF Calculation 

The RRF is the ratio of the future (e.g., CRVFO18aAltA) 8-hour daily maximum concentration 

predicted near a monitor (averaged over multiple days within one episode) to the baseline 8-hour 
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daily maximum concentration predicted near the monitor (averaged over the same days).  RRFs 

were calculated for each monitor in the 4 km domain; for each Alternative (CRVFO18aAltA, 

CRVFO18aAltB, CRVFO18aAltC, and CRVFO18aAltD); and for each of the two modeled 

episodes (April and July).  Equation 5.1 provides the equation used to calculate RRFs.   

 

RRFi = CFi ÷ CBi                          (Equation 5.1) 

  

Where: 

RRFi =  the relative response factor calculated near site i (unitless) for each episode 

CFi  =  the mean 8-hour daily maximum future concentration predicted by the model at 

site i (ppb) averaged over each day in the episode 

CBi  =  the mean 8-hour daily maximum baseline concentration predicted by the model 

at site i (ppb) averaged over each day the episode 

 

As recommended by USEPA guidance (2007b), future and baseline modeled ozone 

concentrations at cells ―near‖ each monitor were considered when determining which 8-hour 

daily maximum ozone concentrations were used in the RRF calculation.  Cells near each monitor 

are those within an approximate radius of 15km from the monitor.  For the 4 km domain, this is a 

7×7 array of cells centered on the cell containing the monitor. 

 

Specific steps followed in the calculation approach included the following. 

 

 Determine mean 8-hour daily maximum baseline concentration (CBi) at each monitor: 

o For the base case modeling scenario (Base06c), the grid cell with the highest 8-

hour daily maximum ozone concentration within each monitor‘s 7×7 array was 

identified for each day of the episode. 

o Days with base case predicted ozone concentrations less than 60 ppb were 

excluded. 

o The mean base case 8-hour daily maximum ozone concentration was calculated 

for each monitor. 

 Determine mean 8-hour daily maximum future concentration (CFi) at each monitor: 

o For each Alternative‘s future year modeling scenario, the grid cell with the 

highest 8-hour daily maximum ozone concentration within each monitor‘s 7×7 

array was identified for each day of each episode.  This may or may not be the 

same grid cell that was chosen when determining CBi. 

o Days with base case predicted ozone concentrations less than 60 ppb were 

excluded. 

o The mean future year 8-hour daily maximum ozone concentration was calculated 

for each monitor. 

 For each Alternative and at each monitor, the RRF was calculated according to 

Equation 5-1. 

 

According to USEPA guidance for implementing the 0.080 ppm 8-hour ozone standard, only 

days with modeled 8-hour maxima values above 85 ppb (the effective standard when rounding is 

taken into account) should be used to compute the RRF (USEPA 2007b).  This guidance does 

not yet reflect the March 2008 revision to the 8-hour ozone standard, which set the ozone 

NAAQS to 0.075 ppm.  Consequently, a threshold of 75 ppb would reflect the new standard.  

However, because the CRVFO analysis includes many rural areas with lower ozone 
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concentrations, a threshold of 60 ppb was used.  This value allows the analysis to focus on 

―high‖ ozone days in the rural areas, without excluding a large number of days. 

5.7.4.1.2. Future Design Value Calculation 

DVFs were calculated for each of the Alternative modeling scenarios (CRVFO18aAltA, 

CRVFO18aAltB, CRVFO18aAltC, and CRVFO18aAltD) at each monitor in the 4 km domain.  

Because RRFs can vary significantly from one modeled episode to another, separate DVFs were 

calculated for each of the two modeled episodes.  Each DVF was calculated by multiplying the 

RRF for each monitor by the DVB for that monitor.  Equation 5.2 describes the approach used to 

calculate future year design values.   

 

DVFi = RRFi × DVBi                (Equation 5.2) 

  

Where: 

 

DVFi  = the estimated future design value at monitor i (ppb) for the episode 

RRFi = the relative response factor for monitor i (unitless)  

DVBi  = the baseline concentration monitored at site i (ppb) 

 

DVBs were calculated using the maximum available data from years 2004–2008.  USEPA 

recommends using the average of three DVBs that straddle the baseline inventory year (USEPA 

2007b).  When sufficient data were available, DVBs were calculated for the years 2004–2006, 

2005–2007, and 2006–2008.  However, for some monitors, only one or two DVBs could be 

calculated.  When more than one DVB was available, the DVB used in Equation 5.2 represented 

the average of all DVBs for that monitor. 

 

For the Sunlight and Ripple Creek Pass monitors, only two years of data were available.  

Although this quantity of data would generally be considered insufficient to calculate a DVB for 

SIP purposes, the DVB was calculated for use in this analysis in order to make use of these 

ozone monitors due to the scarcity of monitors in the region.  As shown in Table 5-16, some 

monitors did not have data for full calendar years (e.g., when data was available only for June, 

July, and August).  In these cases, the available data was used to calculate a pseudo DVB.  This 

DVB may not reflect all high ozone days in a year, thereby indicating lower ozone 

concentrations over the three-year period than may actually occur. 

5.7.4.1.3. Comparison to Ozone NAAQS 

After DVFs were determined, they were compared to the ozone standard.  DVFs less than or 

equal to 75 ppb (equivalent to the 0.075 ppm standard) indicate expected future compliance with 

the ozone NAAQS that is currently effective on the date of publication of this ARTSD.  

Although USEPA plans to promulgate a more stringent ozone NAAQS, a specific standard has 

not yet been proposed.  Instead, USEPA proposed that the new standard would be in the range of 

0.060 to 0.070 ppb (GPO 2010c). 

 

Table 5-18 provides predicted ozone concentrations, RRFs, DVBs, and DVFs for the rural ozone 

monitors in the 4 km domain.  For the purposes of this assessment, the RMNP monitors are 

considered to be rural monitors because they are located in a sparsely populated National Park.  

However, the RMNP ozone monitors are located east of the Continental Divide and their data are 

influenced by emissions from the urban Front Range.  DVFs for all monitors in the 4 km domain 

are included in Appendix C.  The values in the table represent the maximum DVFs at each 
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monitor for all Alternatives.  With one exception, the maximum DVF was the same for all 

CRVFO Alternatives.  The exception occurred at the Sunlight monitor during the July episode, in 

which the predicted DVFs were 1 ppb greater for Alternatives A and D than for Alternatives B 

and C.  In this case, the greatest DVF is reported. 

 
Table 5-18.  Future Design Values for Rural Monitors in 4 km Domain 

Monitor 
ID 

Location 
Description Episode 

CB 
(ppb) 

CF 
(ppb) RRF 

DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

RPCK Ripple Creek Pass April 70 70 1.00 66 65 2006–2007 

July 67 66 0.99 66 65 2006–2007 

SUNM Sunlight April 69 68 0.99 70 69 2006–2007 

July 64 58 0.91 70 63 2006–2007 

COLM Colorado NM April 67 66 0.99 69 68 2006–2008 

July 63 60 0.95 69 65 2006–2008 

GTH161 Gothic April 71 70 0.99 67 66 2004–2008 

July 62 60 0.97 67 64 2004–2008 

DINO Dinosaur NM April 65 65 1.00 66 65 2005–2008 

July 64 62 0.97 66 64 2005–2008 

080690007 Rocky Mountain 

NP 

April 71 70 0.99 75 74 2004–2008 

July 67 62 0.93 75 69 2004–2008 

ROM206 Rocky Mountain 

NP Co-Located 

April 71 70 0.99 73 72 2004–2008 

July 67 62 0.93 73 67 2004–2008 

SHAM Shamrock April 68 67 0.99 71 70 2004–2008 

July 63 62 0.98 71 69 2004–2008 

080830101 Mesa Verde NP April 67 67 1.00 72 71 2004–2008 

July 64 63 0.98 72 70 2004–2008 

CB = Baseline concentration (mean modeled 8-hour daily maximum baseline concentration during the episode) 

CF = Future concentration (mean modeled 8-hour daily maximum future concentration during the episode)  

DVB = Baseline design value 

DVF = Future design value 

NM = National Monument 

NP = National Park 

ppb = parts per billion 

RRF = Relative response factor 

 

As shown in Table 5-18, the 0.075 ppm ozone NAAQS is expected to be attained at all rural 

monitors in the 4 km domain during both episodes and for all Alternatives including cumulative 

emissions.  All monitors closest to the CRVFO (Gothic, Sunlight, Ripple Creek Pass, Colorado 

NM, and RMNP) are well below the standard with the greatest DVF for these monitors expected 

to be 69 ppb at the Sunlight monitor during the April episode.  The greatest DVF for all rural 

monitors (74 ppb) occurs at the RMNP monitor and the second greatest DVF (72 ppb) occurs at 

the co-located RMNP monitor. 

 

As shown in the tables within Appendix K, some Front Range monitors are predicted to exceed 

the NAAQS.  These monitors are all located in the DMA ozone nonattainment area, for which 

CDPHE is identifying additional ozone control measures to bring the DMA into compliance with 
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the 0.075 ppm standard.  As described earlier, monitors with DVFs above 0.075 ppm are beyond 

the geographic extent of CRVFO Project impacts for all modeled days.   

5.7.4.1.4. Unmonitored Area Analysis 

USEPA‘s guidance (2007b) notes that an ―unmonitored area analysis‖ (UAA) can be performed 

to estimate DVFs for areas that either ―just meet‖ or ―minimally exceed‖ the size of the ozone 

monitoring network required for a nonattainment area.  A UAA can determine if counties near an 

ozone nonattainment area (and that do not have ozone monitors) might exceed the NAAQS.   

 

The lack of ozone monitors in and around the CRVFO prevents proper application of a UAA for 

this analysis.  Only one ozone monitor with sufficient data for both modeled episodes is located 

within the CRVFO.  Furthermore, the closest monitors with sufficient ozone monitoring data 

(Colorado NM, Dinosaur NM, and RMNP monitors) are separated from the CRVFO by complex 

terrain.  Although DMA monitors have sufficient ozone data, they are too far removed from the 

CRVFO and are separated from the CRVFO by the Rocky Mountains.  A UAA was not 

performed for this ozone assessment because the distances between the CRVFO and DMA 

monitors were too great and the Rocky Mountains separate the two areas. 

 

In order to obtain additional ozone concentration data in the Piceance Basin, BLM installed new 

ozone monitors in Meeker and in Rangely, Colorado during 2010. 

5.7.4.2. Absolute Ozone Projections 

Predicted absolute ozone concentrations should be interpreted carefully for the following 

reasons. 

 

 Daily maximum ozone concentrations do not compare directly to the NAAQS — An 

absolute ozone concentration above 0.075 ppm at a specific grid cell on an individual day 

does not indicate an ozone violation.  This is due to the fact that compliance with the 

ozone NAAQS is determined by comparing the three-year average of the 4
th

 highest daily 

maximum 8-hour average monitored concentration to the NAAQS.  The format of the 

ozone NAAQS is intentionally designed to allow multiple high ozone days over a three-

year period. 

 

 Spatial consistency of high ozone concentrations is needed — Ozone concentrations 

exceeding 0.075 ppm must occur repeatedly at the same location in order for a violation 

to occur. 

 

 PGM predictions are not exact — PGMs cannot achieve complete accuracy in their 

predictions.  These models incorporate huge quantities of data, particularly 

meteorological and emissions data, for the contiguous United States.  Data input into the 

CAMx, SMOKE, and MM5 models come from many sources and includes some 

assumptions and data gaps.  Even if perfectly accurate data inputs could be obtained, 

PGMs cannot accurately predict every chemical transformation under all atmospheric 

conditions.  Model predictions can be off by ±20 percent in terms of unpaired peak 

accuracy and still be within USEPA model performance goals. 

 

 2028 inventory versus 2018 inventory — Although the emissions inventory for the 

Alternatives and for nearby oil and gas development within the WRFO and VFO were 
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based on estimated year 2028 emissions, regional and national emissions inventories 

were available for the year 2018.  Therefore, emission increases or decreases that may 

occur between 2018 and 2028 are not reflected in the modeling of other emissions sets, 

due to the unavailability of 2028 inventories beyond the CRVFO, WRFO, and VFO oil 

and gas emissions inventories.  Predicted future year ozone concentrations may be greater 

or less than actual future ozone concentrations depending on how actual future 2028 

emissions vary from the 2018 estimated emissions for emission sets beyond the CRVFO, 

WRFO, and VFO oil and gas emissions inventories. 

5.7.4.2.1. Maximum Ozone Concentrations in the CRVFO 

Absolute ozone predictions within the CRVFO are provided in Appendix M plots.  As discussed 

above in Section 5.7.4.2, absolute ozone concentrations above the ozone NAAQS on any 

individual day do not indicate a predicted violation of the ozone NAAQS.  The Appendix M 

plots have been zoomed in to show predicted ozone concentrations in the CRVFO based on 

Alternative D emissions.  All grid cells outside the CRVFO have been masked out.  Note that 

minimum and maximum ozone concentrations included at the bottom of each plot provide the 

values within the entire plot and these concentrations do not necessarily occur within the 

CRVFO. 

 

In addition to providing absolute ozone concentrations within the CRVFO, Appendix M also 

provides difference plots showing ozone concentration changes between the Alternative D 

modeling results and the current year (2006) modeling results.  Review of Appendix M plots 

indicates that high absolute ozone concentrations are not associated with oil and gas 

development in the CRVFO.  Specific examples are discussed below. 

 

The greatest predicted 8-hour ozone daily maximum concentration within the CRVFO is 97 ppb 

and occurs on July 17 for all Alternatives.  Figure 5-17 illustrates the modeled concentrations for 

CRVFO18aAltD.   
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Figure 5-17.  8-hour Daily Max Ozone Concentrations In CRVFO on July 17 
From CRVFO18aAltD 

 

The model tends to under-predict ozone during July.  As described in the MPE Report (BLM-

URS 2009), the model under-predicted ozone on July 17 at the Gothic and Dinosaur NM 

monitors.  The model did a good job of predicting ozone on July 17 at the Sunlight Mountain and 

Ripple Creek Pass monitors.   Additional information on model under-prediction is provided in 

Section 5.7.4.4 and in the MPE Report (BLM-URS 2009). 

 

The maximum ozone concentrations predicted throughout the CRVFO and particularly within 

the northern portion of the CRVFO on July 17 are not due to future year Project or cumulative 

oil and gas impacts from increased NOx and VOC emissions.  Greater ozone concentrations 

(107 ppb) in the CRVFO were predicted for the Base2006c modeled scenario than for the future 

Alternatives scenarios.  Therefore, high concentrations may be due to existing emissions that 

may be transported into the area.  The difference plot in Figure 5-18 illustrates ozone decreases 

throughout most of the CRVFO when Base2006c impacts are subtracted from future year Project 

and cumulative impacts.   

 

With regard to high predicted July 17 ozone concentrations in the CRVFO, ozone transport from 

other areas of the country may play a major role. 
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Figure 5-18.  Difference Plot Showing July 17 Project and Cumulative Ozone Impacts 
Compared to Base2006c 

5.7.4.2.2. Typical Maximum Daily Ozone Concentrations in the CRVFO 

Typical 8-hour daily maximum predicted concentrations are well below the NAAQS during 

April and July in the CRVFO.  Figure 5-19 illustrates a typical day for each episode.  For the 

purposes of this discussion, a typical day is a day with an 8-hour daily maximum closest to the 

episode average 8-hour daily maximum.  On April 21, the 8-hour daily maximum concentration 

for Alternative D was 72 ppb, the same as the episodic.  July 3 is a typical day during the July 

episode and the predicted daily maximum for that day is 56 ppb, the same as the episodic 

average of 8-hour daily maximum concentrations for July. 

 

Refer to Appendix M to see the full range of CRVFO absolute concentrations, as well as 

difference plots comparing modeled Alternative D and modeled 2006 ozone concentrations. 
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Figure 5-19.  Typical 8-hour Daily Max Ozone Concentrations in the  
CRVFO (April 21 and July 3) 

5.7.4.2.3. Predicted Maximum Ozone Concentrations in the 4 km Domain 

Table 5-19 provides the two highest absolute predicted 8-hour daily maximum peak ozone 

concentrations in the 4 km domain during the April and July episodes.  These predicted ozone 

concentrations do not vary among Alternatives and consequently may not be tied directly to 

emissions associated with future year CRVFO Project and cumulative emissions.  As shown in 

Table 5-19, the four maximum predicted concentrations are located outside of the CRVFO. 
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Table 5-19.  Summary of Predicted Absolute 8-hour Daily Maximum Concentrations In 
4 km Domain 

Criteria 

April Episode July Episode 

Concen-
tration 
(ppb) General Location 

Peak Day 
in 4 km 
Domain 

Concen-
tration 
(ppb) 

General 
Location 

Peak Day 
in 4 km 
Domain 

1
st
 Highest Day 89 Piceance Basin April 28 108 Routt County July 17 

2
nd

 Highest Day  85 Front Range and Central 

Swath through Colorado 

from west to east  

April 18 104 Jackson 

County 

July 15 

 

Figure 5-20, Figure 5-21, Figure 5-22, and Figure 5-23 illustrate ozone concentrations for 

April 28, April 18, July 17, and July 15, respectively.  For each of the four days, two plots are 

presented.  The first plot illustrates predicted ozone concentrations throughout the 4 km domain, 

while the second plot illustrates the difference in ozone concentration when subtracting 

CRVFO18BaseA concentrations from CRVFO18aAltD concentrations.   

 

In Figure 5-20, the maximum ozone concentrations predicted on April 28 are shown in the 

Piceance Basin and extending southward, with concentrations as high as 89 ppb.  A second area 

of high ozone is also located in RMNP.  Although the greatest absolute concentrations occur in 

the CRVFO and WRFO, review of the difference plot indicates that CRVFO18BaseA ozone 

concentrations did not change within these high-ozone areas.  Consequently, oil and gas 

emissions from the CRVFO do not appear to cause the high ozone concentrations on April 28. 
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Figure 5-20.  April 28 Predicted 8-hour Daily Maximum Ozone and Difference Plots 

 

Figure 5-21 shows maximum ozone concentration and a difference plot for April 18, which had 

the second-highest predicted ozone concentration (85 ppb) during the April episode.  High 

absolute ozone concentrations on this date occurred throughout the 4 km domain, with maximum 

concentrations occurring in the eastern DMA.  With regard to CRVFO oil and gas emissions, 

future year Alternative D Project and cumulative emissions cause essentially no change in ozone 

concentrations throughout the 4 km domain when Alternative D ozone concentrations are 

compared to future year baseline concentrations. 
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Figure 5-21.  April 18 Predicted 8-hour Daily Maximum Ozone and Difference Plots 

 

Figure 5-22 and Figure 5-23 illustrate the greatest predicted ozone concentrations in the 4 km 

domain during the July episode on July 17 and July 15, respectively.  On July 17, the maximum 

predicted concentration is 108 ppb and is located just north of the CRVFO.  Another high ozone 

area is centered on the DMA.  When comparing future year predicted ozone concentrations to 

CRVFO18BaseA, ozone increases are predicted only in the western portion of the CRVFO 

where predicted absolute ozone concentrations are predicted to be less than 65 ppb.  Ozone 

concentration increases do not extend to areas with ozone concentrations predicted to be greater 

than 75 ppb.  Consequently, oil and gas Project and cumulative emissions are not expected to 

contribute to the areas of highest ozone concentrations. 
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Figure 5-22.  July 17 Predicted 8-hour Daily Maximum Ozone and Difference Plots 

 

Finally, Figure 5-23 illustrates ozone concentrations as high as 104 ppb on July 15.  The 

maximum predicted concentration is located in Jackson County, with additional high ozone 

concentrations predicted in the DMA.  When comparing future year predicted ozone 

concentrations to CRVFO18BaseA, ozone increases are predicted only in the western portion of 

the CRVFO and do not extend to Jackson County or the DMA. 
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Figure 5-23.  July 15 Predicted 8-hour Daily Maximum Ozone and Difference Plots 

 

The above ozone concentration and difference plots indicate that peak-day ozone concentrations 

do not occur in areas with increased ozone concentrations associated with CRVFO Project and 

cumulative emissions.  The highest predicted ozone concentrations appear to be associated with 

ozone transport or NOx and/or VOC emissions that are included in the future year base case 

emissions inventories. 

5.7.4.3. Model Over-Prediction 

Figure 5-24 illustrates model over-prediction on April 28.  This tile plot compares contours of 

Base06c modeled concentrations with observed values at monitored locations.  The monitored 
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values are shown with diamonds whose fill color indicates the approximate monitored 

concentration.  All values shown are based on 8-hour daily maximum ozone concentrations. 

  

On April 28, the modeled Base2006c concentration shown in Figure 5-24 is at least 20 ppb 

greater than the monitored value at both RMNP monitors and approximately 15 ppb greater than 

the monitored value at the Gothic monitor.  Although the magnitude of over-prediction with 

regard to predicted future year concentrations is not known, it is reasonable to assume that 

significant model over-prediction is occurring.  Consequently, the 89 ppb maximum modeled 

concentrations modeled in the CRVFO for CRVFO18aAltA, CRVFO18aAltB, CRVFO18aAltC, 

and CRVFO18aAltD probably reflect significant over-prediction.   

 

 

Figure 5-24.  Model Over-Prediction on April 28, 2006 

 

Figure 5-25 provides a comparison for April 19, 2006.  On this date, significant model over-

prediction is occurring in the DMA and at Dinosaur NM.  However, model performance at the 

Gothic monitor is quite good.  Therefore, predicted concentrations within the CRVFO are likely 

to be reasonably accurate at the Gothic monitor, and may slightly over-predict future ozone 

concentrations in some areas of the CRVFO. 
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Figure 5-25.  Model Over-Prediction on April 19, 2006 

5.7.4.4. Model Under-Prediction 

Model under-prediction occurs primarily during July.  Figure 5-26 illustrates model performance 

on July 17, 2006, the date with the highest predicted future year ozone concentration (108 ppb) 

in the 4 km domain during the two episodes.  Note that the maximum concentration shown 

below is 110 ppb, which is the predicted concentration for the Base2006c scenario.  Under-

prediction is greatest in the DMA, while only limited model under-prediction is apparent at rural 

monitors nearest the CRVFO.  Model performance at RMNP was good, as indicated by the 

predicted ozone concentration consistency with the monitored concentration. 

 

 

Figure 5-26.  Model Under-prediction on July 17, 2006 
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Model under-prediction occurred throughout most of the 4 km domain on July 13, 2006, as 

shown in Figure 5-27.  The greatest model under-prediction occurred in the DMA.  Under-

prediction was minimal at the Ripple Creek Pass, Dinosaur NM, and Colorado NM monitoring 

sites.  At the MVNP and Shamrock monitor sites, the model accurately predicted ozone 

concentrations. 

 

 

Figure 5-27.  Model Under-Prediction on July 13, 2006 

5.7.4.5. Metrics for Assessing Absolute Ozone Concentrations 

Statistical metrics are used as another means of assessing predicted ozone concentrations.  As 

explained earlier, DVFs predict compliance with the 75 ppb ozone standard at all western slope 

monitors and at the two RMNP monitors.  However, DVFs are limited because they do not 

provide an indication of ozone concentrations at non-monitor grid cells, nor do they provide an 

indication of daily ozone concentration variations.  The following statistical metrics provide 

additional insight into day-to-day absolute ozone concentrations and the spatial extent of ozone 

impacts.  In addition, the metrics provide a focused statistical assessment to evaluate ozone 

changes at all grid cells within the CRVFO.  A broader metrics assessment also provides 

statistics on all grid cells in the 4 km domain. 

 

The following metrics analysis provides a tabular, rather than graphic, view of the data.  The 

following four metrics were calculated based on all grid cells in the 4 km domain. 

 

 Metric 1:  Percent change in ozone concentration greater than 75 ppb (based on 8-hour daily 

maximum) 

 Metric 2:  Percent change in the number of grid cells with concentrations greater than 75 ppb 

(based on 8-hour daily maximum) 

 Metric 3:  Percent change in the number of grid cell-hours greater than 75 ppb-hr (based on 

8-hour daily rolling average) 

 Metric 4:  Percent change in maximum modeled 8-hour ozone (with no ozone concentration 

threshold) 
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For each of the above metrics, the future base case year (Base2018A) scenario and each of the 

2018 CRVFO Alternative scenarios were compared to the 2006 base case year (Base2006c) 

scenario. 

 

The process for calculating Metric 1 values involves iterating through each cell and determining 

if its Base2006c 8-hour daily maximum concentration was greater than 75 ppb.  If it was, the 

increment above 75 ppb was calculated and saved.  At the end of the iterative process, a sum of 

the ―excess ozone‖ was determined for the Base2006c scenario.  A similar process was 

completed for the Base2018A scenario and each of the four Alternatives (e.g., CRVFO18aAltA).  

The percent change from Base2006c to CRVFO18aAltA was calculated by subtracting the sum 

of excess ozone for Base2006c from the sum of excess ozone for CRVFO18aAltA.  This 

difference was then divided by the Base2006c excess ozone sum and multiplied by 100 to 

determine the percent change.  Table 5-20 provides an example of the Metric 1 calculation for 

CRVFO18aAltA analysis. 

 
Table 5-20.  Example Calculation for Metric 1:  Percent Change in  

Ozone Concentration >75 ppb 

Grid 
Cell 

Base2006c 
8-hour Daily 
Max (ppb) 

CRVFO18aAltA  

(ppb) 

Base2006c Delta 
(Base2006c – 75) 

(ppb) 

CRVFO18aAlt A Delta 
(CRVFO18aAltA – 75) 

(ppb) 

1 87 83 12 8 

2 91 85 16 10 

3 77 74 2 0 

4 80 72 5 0 

Sum of Excess Ozone 35 18 

Percent Change (18 – 35) ÷ 35*100 =  – 49% 

 

Metric 2 evaluates changes in the number of grid cells whose 8-hour daily maximum 

concentration exceeds 75 ppb.  This metric is calculated using an approach similar to that used 

for Metric 1.  The percent change for each of the five scenarios (Base2018A and each 

Alternative compared to Base2006c) was calculated.  The resulting percentages represent the 

geographical extent of excess ozone changes.  In fact, these values could be multiplied by the 

area of a grid cell (16 km
2
) to show the change in terms of area.  

 

Metric 3 combines the number of grid cells calculated for Metric 2 with a time exposure 

component.  The total number of hours that each grid cell exceeds 75 ppb (8-hour average) was 

summed and percentages were calculated for Base2018A and each of the Alternatives. 

 

Metric 4 is a simple comparison between the modeled 8-hour daily maximum concentrations for 

Base2018A and each of the Alternatives compared to Base2006c.  All modeled 8-hour daily 

maximum values were included in this calculation, regardless of whether the values exceeded 

75 ppb.   
 

When coupled with gridded population data, these metrics (primarily Metric 3) may be used to 

evaluate potential population exposure to ozone.  However, that calculation is beyond the scope 

of this analysis.  Table 5-21 and Table 5-22 summarize the results of Metrics 1–4 for April and 

July, respectively.  Each of the metrics is calculated twice for each future year scenario.  The first 
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set of metrics includes all grid cells within the CRVFO.  The second set includes all grid cells 

within the 4 km domain, including cells in the CRVFO, other rural western slope areas, and the 

Front Range. 

 

Within the CRVFO, metrics for the April episode can be summarized as follows. 

 

 Metric 1:  Compared to the 2006 base case modeling scenario, excess ozone decreased by 

approximately 21 percent for Alternatives A and B and by approximately 20 percent and 19 

percent for Alternatives C and D, respectively.  In other words, the number of days with 

absolute ozone concentrations above 75 ppb is predicted to decrease by 19–21 percent within 

the CRVFO. 

 Metric 2:  The number of grid cells with excess ozone decreased by approximately 14 percent 

for each of the four Alternatives.  Consequently, smaller geographic areas within the CRVFO 

would experience ozone concentrations above 75 ppb compared to the 2006 base case.  

 Metric 3:  Grid cell-hours with excess ozone decreased approximately 15 percent. 

 Metric 4:  The 8-hour daily maximum ozone remained essentially unchanged.  Because 

Metric 4 indicates less significant ozone reductions than Metric 1, greater ozone decreases 

occur on days with high ozone concentrations than on days with ozone levels below the 

NAAQS. 

 

When the metrics are calculated for all cells within the 4 km grid, ozone concentration reductions 

for Metrics 1, 2, and 3 are similar to those for the CRVFO grid cells.  The likely explanation for 

this result is that increased VOC and NOx emissions from the Alternatives do not extend 

geographically to most of the 4 km grid cells.  The large ozone reductions shown for all 4 km 

grid cells are due in part to future year reductions in NOx emissions mandated by USEPA 

regulations applicable to many types of engines, including stationary sources, portable sources, 

and motor vehicles. 

 
Table 5-21.  Absolute Concentration Metrics for April Episode 

Modeled 
Scenario 

Percent Change 

Metric 1 Metric 2 Metric 3 Metric 4 

Max 8-hour 
ozone  

≥ 75ppb 

Number of 
grid cells  
≥ 75ppb 

Number of grid 
cell-hours  
≥ 75ppb 

Max 8-hour 
ozone 

CRVFO Grid Cells 

CRVFO18Base -20.8% -14.4% -15.4% 0.0% 

Alt A -20.8% -14.9% -15.7% 0.0% 

Alt B -21.0% -14.6% -15.6% 0.0% 

Alt C -20.0% -14.4% -15.1% 0.0% 

Alt D -19.1% -14.2% -14.7% 0.0% 

All 4 km Grid Cells 

CRVFO18Base -21.1% -13.7% -15.1% -1.1% 

Alt A -21.5% -13.9% -15.4% -1.1% 

Alt B -21.3% -13.8% -15.3% -1.1% 

Alt C -20.8% -13.6% -15.0% -1.1% 

Alt D -20.6% -13.6% -14.9% -1.1% 
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Within the CRVFO, metrics for the July episode can be summarized as follows. 

 

 Metric 1:  Compared to the 2006 base case modeling scenario, excess ozone decreased by 

approximately 24 percent for Alternatives A and B and by approximately 23 percent for 

Alternatives C and D. 

 Metric 2:  The number of grid cells with excess ozone decreased by approximately 14 percent 

for each of the four Alternatives.  Consequently, smaller geographic areas within the CRVFO 

would experience ozone concentrations above 75 ppb compared to the 2006 base case.  

 Metric 3:  Grid cell-hours with excess ozone decreased approximately 16 percent. 

 Metric 4:  The 8-hour daily maximum ozone decreased by approximately 2 percent. 

 

 

For the 4 km domain, percentage reductions of slightly more than 71–72 percent were calculated 

for Metrics 1, 2, and 3.  These large changes indicate that ozone concentration decreases from 

2006 to future year scenarios caused many grid cells‘ ozone concentrations to fall below the 75 

ppb threshold.  The Metric 1, 2, and 3 results do not indicate that ozone concentrations 

decreased by 71 percent.  In fact, Metric 4 indicates that only a slight decrease in ozone 

concentrations of nearly 2 percent was calculated for each of the Alternatives when all July days 

are included in the calculation.  Analysis of all four metrics indicates that cells with 2006 ozone 

concentrations just above 75 ppb experienced ozone reductions that brought the concentrations to 

just below 75 ppb in the future year modeling scenarios, thereby decreasing the excess ozone 

sums by 70 percent or more.   

 
Table 5-22.  Absolute Concentration Metrics for July Episode 

Modeled 
Scenario 

Percent Change 

Metric 1 Metric 2 Metric 3 Metric 4 

Max 8-hour 
ozone  

≥ 75ppb 

Number of 
grid cells  
≥ 75ppb 

Number of grid 
cell-hours  
≥ 75ppb 

Max 8-hour 
ozone 

CRVFO Grid Cells 

CRVFO18Base -23.4% -13.6% -15.7% -2.0% 

Alt A -24.3% -13.6% -16.5% -2.0% 

Alt B -23.9% -13.6% -15.7% -2.0% 

Alt C -23.0% -13.6% -15.7% -2.0% 

Alt D -23.0% -13.6% -15.7% -2.0% 

All 4 km Grid Cells 

CRVFO18Base -71.9% -70.8% -71.9% -1.8% 

Alt A -72.0% -71.0% -72.0% -1.8% 

Alt B -72.0% -71.0% -72.0% -1.8% 

Alt C -71.9% -70.9% -71.9% -1.8% 

Alt D -71.8% -70.9% -71.9% -1.8% 
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5.7.4.6. Time Series Plots Comparing Absolute Ozone Concentrations 

For all Alternative modeling scenarios (which include cumulative emissions), modeled absolute 

8-hour daily maximum ozone concentrations are consistently less than concentrations predicted 

for Base06c at all rural monitors.  This is consistent with the RRF calculations presented earlier.  

However, time series plots comparing Alternative scenarios to the Base06c scenario provide 

additional insight into whether peak day ozone concentrations might be exacerbated.  

 

Alternative D concentration results are illustrated in the following figures.  In order to conform 

with the methods used for the RRF calculation, the absolute concentrations shown include 

concentrations predicted at nearby cells (within the 7×7 grid surrounding the monitor).  Figure 

5-29 compares CRVFO18aAltD and Base06c concentrations at the Gothic monitor during the 

April episode, while Figure 5-29 compares concentrations for the July episode.  As shown in the 

graph, the CRVFO18aAltD concentrations shown in red are consistently less than or equal to the 

Base2006c concentrations, and peak day ozone concentrations on April 18 and April 28–29 for 

Alternative D are less than or equal to Base2006c concentrations. 

 

 

Figure 5-28.  Time Series Plots Comparing April CRVFO18aAltD and Base2006c  
Predicted Concentrations at the Gothic Monitor 
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Figure 5-29.  Time Series Plots Comparing July CRVFO18aAltD and Base2006c  
Predicted Concentrations at the Gothic Monitor 

 

Figure 5-30 and Figure 5-31 compare CRVFO18aAltD and Base06c concentrations at one of the 

RMNP monitors during the April and July episodes, respectively.  As described earlier (Figure 

5-14), the RMNP monitors are located beyond the extent of the area affected by CRVFO Project 

emissions.  During the April episode, ozone concentrations predicted for Alternative D track the 

Base06c scenario very closely.  During the July episode, predicted Alternative D ozone 

concentrations are substantially less than Base06c concentrations and the differences are greatest 

on high ozone days. 
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Figure 5-30.  Time Series Plots Comparing April CRVFO18aAltD and Base2006c  
Predicted Concentrations at RMNP 

 

 

Figure 5-31.  Time Series Plots Comparing July CRVFO18aAltD and Base2006c  
Predicted Concentrations at RMNP 

5.7.5. Ozone Conclusions 

Ozone impacts attributable to CRVFO Project and cumulative emissions are not expected to 

cause or contribute to violations of the ozone NAAQS.  For each Alternative (including 
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cumulative oil and gas emissions), current and projected DVs in rural areas of the 4 km domain 

are below the 75 ppb ozone NAAQS.  In addition, ozone impacts attributable to CRVFO Project 

emissions do not extend to any DMA monitor sites when comparing future year modeling results 

with and without Project emissions. 

 

Additional ozone monitoring data near the CRVFO oil and gas development area are being 

collected due to the installation of two new ozone monitors in Meeker and Rangely (within the 

WRFO) during 2010.  These monitors will provide local ozone concentrations for complete years 

and will shed light on future compliance with the upcoming revised ozone standard. 

 

For each Alternative, future year predicted ozone concentrations are less than 2006 baseline year 

(Base06c) concentrations.  RRFs demonstrate small, but noticeable, decreases in predicted ozone 

concentrations when comparing predicted future year concentrations for each Alternative 

modeling scenario to the 2006 baseline year modeled concentrations.  RRFs were calculated for 

each month-long episode.  Time series plots for Gothic and other rural monitors illustrate that 8-

hour daily maximum ozone concentrations predicted for each Alternative are less than the 

Base06c modeled concentrations on every day of each episode.  During July, greater-than-

average ozone decreases at the RMNP monitor are apparent on peak ozone days.  In other words, 

a more significant ozone decrease occurs at the RMNP monitor on the days with the highest 

predicted ozone concentrations.  Although decreases in future ozone concentrations within the 

CRVFO oil and gas development area and nearby areas seem unlikely given the proposed 

increase in oil and gas activity, several factors can explain predicted ozone concentration 

reductions.  First, emissions from planned oil and gas development would be minimized due to 

stringent emission controls.  Consequently, emissions are lower than would normally be 

expected for the levels of planned oil and gas activity.  Second, emissions from many existing 

sources within and beyond the 4km domain would be reduced in future years.  This is 

particularly true for NO2 emissions due to stringent recent USEPA NO2 emission control 

regulations affecting many types of stationary and mobile engines.  As newer equipment replaces 

older equipment, less NO2 will be emitted throughout the United States.  Comparisons of future 

year and baseline year emission plots and emission data indicate substantial NO2 emission 

reductions throughout many areas of the nation.  These emission reductions will reduce ozone 

and ozone precursor pollutants transported into the CRVFO. 

 

Absolute ozone concentration metrics demonstrate decreases in the number of days with ozone 

concentrations above 75 ppb, as well as reductions in the number of grid cells with absolute 

predicted ozone concentrations above 75 ppb.  These ozone improvements occur within the 

CRVFO and across the 4 km domain.  On some days, absolute predicted concentrations exceed 

75 ppb.  For reasons stated in Section 5.7.4.2, these predicted concentrations do not indicate a 

violation of the NAAQS.  Additional monitoring data collected in or near the CRVFO are needed 

in order to determine if high ozone concentrations predicted in the CRVFO during April could 

cause concern in localized areas.  New ozone monitors were installed in Meeker and Rangely 

during 2010.  Although it will take several years for these monitors to acquire enough data to 

develop DVs, data from these monitors can be used to inform management actions in the near 

term and to better assess ozone compliance over the next three years. 

 

Ozone impacts attributable to each of the Alternatives are similar to one another.  In some cases, 

ozone impacts associated with Alternatives C and D have a greater geographic extent and in 

some cases greater magnitude.  However, DVF calculations show no differences among the 

Alternatives at all monitors except for the two RMNP monitors.  At these two monitors, a 1 ppb 
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increase is predicted for one day during the July episode (July 18) for Alternatives C and D 

compared to Alternatives A and B.  Maximum predicted DVFs at the two RMNP monitors are 

70 ppb and 68 ppb during July. 
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6.0 CLIMATE CHANGE ANALYSIS 

Climate is both a driving force and a limiting factor for biological, ecological, and hydrological 

processes, and has great potential to influence resource management.  Climate change is a 

phenomenon that could alter natural resource and ecologic conditions on spatial and temporal 

scales we have not yet experienced.  The Intergovernmental Panel on Climate Change (IPCC) 

has stated, ―Most of the observed increase in global average temperatures since the mid-20th 

century is very likely due to the observed increase in anthropogenic greenhouse gas 

concentrations.‖  The general consensus is that as atmospheric concentrations of GHGs continue 

to rise, average global temperatures and sea levels will rise, precipitation patterns will change, 

and climatic trends will change and influence earth‘s natural resources in a variety of ways.  

Therefore, to the extent possible and appropriate, incorporation of climate and climate change 

information to assist in making informed decisions regarding BLM planning and program 

activities is an integral element of effective program management.   

 

When conducting long-range planning; when making major decisions regarding BLM activities, 

projects, and programs; and when authorizing uses of the public lands, the BLM must include 

consideration of climate change (USDOI 2009, BLM 2009).  The depth and the scale of climate 

change analysis should be in accordance with the extent to which the climate change information 

is needed in order to make planning decisions and reflective of the information that is available.  

Varying degrees of information on climate change impacts on resources are available on 

different geographical scales and at different geographical locations, and the degree and type of 

this information is changing rapidly.  When little information is available, it is inappropriate to 

overanalyze the issue.  This climate change assessment for the CRVFO is qualitative as 

necessary and quantitative as available data allows, and as is appropriate.  CO2, CH4, and N2O 

are the three major anthropogenic greenhouse gases the BLM considers in addition to climate 

change impacts related to land management activities.  

6.1. Climate Change Science 

Substantial scientific evidence demonstrates that increased atmospheric concentrations of GHGs 

and land-use changes are contributing to an increase in average global temperature, often 

referred to as global warming (USEPA 2010e).
 
 GHGs in the atmosphere moderate the planet‘s 

temperature, allowing the planet to sustain life.  Due in large part to human activities, there has 

been a marked increase in the atmospheric concentration of these and other gases since the start 

of the industrial age, which has contributed to observed climate variability beyond the historic 

norm.  Though the average global temperature has increased by 1.33°F from 1906–2005, 

temperature change and climatic variability are not evenly distributed across the globe.  Observed 

temperature increases in northern latitudes have been greater than those in other areas, and 

seasonal low temperatures are generally increasing faster than seasonal high temperatures.  Other 

unevenly distributed effects of climate change include altered weather patterns and precipitation 

rates, increased sea levels, increased wildfire occurrences, length of seasons, desert expansion, 

vegetation distribution, and plant and animal distribution.  

 

Ongoing scientific research has identified the potential impacts of anthropogenic (man-made) 

GHG emissions, changes in biological carbon sequestration, and other changes due to land 

management activities on the global climate.  Through complex interactions on a regional and 

global scale, these changes cause a net warming effect of the atmosphere, primarily by 
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decreasing the amount of heat energy radiated by the earth back into space.  Although natural 

GHG levels have varied for millennia, recent industrialization and burning of fossil carbon 

sources have caused CO2e concentrations to increase dramatically, and are likely to contribute to 

overall global climatic changes.  The IPCC recently concluded that ―warming of the climate 

system is unequivocal‖ and ―most of the observed increase in globally average temperatures 

since the mid-20th century is very likely due to the observed increase in anthropogenic 

greenhouse gas concentrations‖ (IPCC 2007).  Global mean surface temperatures have increased 

nearly 1.33°F from 1906–2005.  Models indicate that average temperature changes are likely to 

be greater in the Northern Hemisphere.  Northern latitudes (above 24° N) have exhibited 

temperature increases of nearly 2.1°F since 1900, with nearly a 1.8°F increase since 1970 alone.  

Without additional meteorological monitoring systems, it is difficult to determine the spatial and 

temporal variability and change of climatic conditions, but increasing concentrations of GHGs 

are likely to accelerate the rate of climate change. 

 

In 2001, the IPCC indicated that by the year 2100, global average surface temperatures would 

increase between 2.5°F and 10.4°F above 1990 levels, depending on the assumptions made in the 

predictive model.  The National Academy of Sciences has confirmed these findings, but also has 

indicated there are uncertainties regarding how climate change may affect different regions.  

Computer model predictions indicate that increases in temperature will not be equally 

distributed, but are likely to be accentuated at higher latitudes.  Warming during the winter 

months is expected to be greater than during the summer, and increases in daily minimum 

temperatures are more likely than increases in daily maximum temperatures.  Increases in 

temperatures would increase water vapor retention in the atmosphere, and reduce soil moisture, 

increasing generalized drought conditions, while at the same time enhancing heavy storm events.  

Although large scale spatial shifts in precipitation distribution may occur, these changes are more 

uncertain and difficult to predict. 

 

There are uncertainties associated with the science of climate change.  This does not imply that 

scientists do not have confidence in many aspects of climate change science.  Some aspects of 

the science are known with virtual certainty because they are based on well-known physical laws 

and documented trends (EPA 2008).  Several activities contribute to the phenomena of climate 

change, including emissions of GHGs (especially CO2, CH4, and N2O) from fossil fuel 

development, large wildland fires and activities using combustion engines; changes to the natural 

carbon cycle; and changes to radiative forces and reflectivity (albedo).  It is important to note 

that GHGs will have a sustained climatic impact over different temporal scales.  For example, 

recent emissions of CO2 can influence climate for 100 years.  It may be difficult in some cases to 

discern whether global climate change is already affecting resources in the analysis area.  

However in most cases there is information about potential or projected effects of global climate 

change on resources.  It is important to note that projected changes are likely to occur over 

several decades to a century.  Therefore, many of the projected changes associated with climate 

change described below may not be measurable within the reasonably foreseeable future.  

Existing climate prediction models are not at a scale sufficient to estimate potential impacts of 

climate change within the analysis area. 

6.2. CRVFO Climate Change Assessment 

As stated above, climate change analyses are comprised of several factors, including GHGs, land 

use management practices, and the albedo effect.  While it is possible in many cases to quantify 

potential quantities of GHG emissions or the amount of carbon sequestered from particular 
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activities, the tools necessary to quantify the incremental climatic impacts of those specific 

activities are presently unavailable.  For example, a certain quantity of GHG emissions 

associated with gas production cannot be linked with a specific, measured impact of a global 

increase in temperature.  As a consequence, impact assessment of effects of specific authorized 

activities (such as oil and gas development) in the CRVFO cannot be performed at this time.  

While calculating GHG oil and gas production emissions is relatively straightforward, predicting 

the effect of these emissions on climate change requires modeling on a global scale.  Climate 

change is a global phenomenon; potential impacts may occur thousands of miles from GHG 

emission sources, such as those included in the CRVFO Alternatives.   

 

Therefore, climate change analysis for the purpose of this document is limited to accounting and 

disclosing factors that contribute to climate change, followed by a brief comparison of GHG 

emissions, in order to put the emissions in some context.  Additional emissions comparisons and 

a qualitative discussion of potential climate change impacts will be provided in the Air Quality 

Impacts Analysis portion of the EIS. 

 

Natural gas is a valuable commodity that meets U.S. and international energy needs.  Due to its 

low CO2 combustion emissions, natural gas is replacing other fuels with greater carbon 

footprints.  Consequently, GHG emission increases from CRVFO oil and gas development may 

be offset by CO2 emission reductions realized from replacing other high CO2-emitting fuels 

consumed in the United States.  CRVFO Project GHG emissions may also be offset if natural gas 

produced using stringent GHG emission reduction strategies (such as green completions) 

replaces higher GHG-emitting natural gas production within the CRVFO or elsewhere in 

Colorado or other states.   

 

This analysis addresses the following main topics. 

 

 Current and future regulation of GHGs 

 Quantity of GHGs emitted on BLM lands from oil and gas activities 

 GHG efficiency of CRVFO BLM natural gas production 

 Natural gas displacement of other fuels 

6.3. Current and Future GHG Regulation 

USEPA is in the early stages of regulating GHGs as air pollutants under the Clean Air Act 

(CAA).  In its ―Endangerment and Cause or Contribute Findings for Greenhouse Gases Under 

Section 202(a) of the Clean Air Act,‖ the USEPA determined that the six GHGs listed in Table 

1-2 are air pollutants subject to regulation under the CAA.  Generally, these pollutants are 

regulated as a group, although emission standards may be set for the group of six GHGs or for a 

subset of these GHGs (e.g., CO2 only or CO2 and methane) at USEPA‘s discretion. 

 

CO2e emissions are calculated by summing, for each GHG, the product of the quantity of GHG 

released and the GWP for that GHG.  GHG emissions are typically reported in terms of metric 

tons.  An example calculation of CO2e for combined emissions of CO2, CH4, and N2O is 

provided below.  This calculation could be extended to include additional GHGs; however, CO2, 

CH4, and N2O are the three that are relevant to this analysis.  The units of CO2e are the same as 

the units used to represent the quantity of CO2, CH4, and N2O emissions. 

 

CO2e = [CO2  1] + [CH4  21] + [NO2  310] 
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It is important to note that the Intergovernmental Panel on Climate Change (IPCC), the 

international scientific body created by the United Nations to evaluate the risk of climate change, 

has published more recent GWPs in its Fourth Assessment Report.  They are:  1.0 for CO2, 25 

for CH4, and 298 for N2O.    While the IPCC GWPs are more universal and more recent than 

USEPA-published GWPs, the USEPA-published numbers are being used by companies that 

must report GHG emissions to USEPA, including certain sectors of the oil and gas industry.  

Because many U.S. companies are using USEPA-published GWPs, and for consistency in 

sectoral comparisons, BLM Colorado has chosen to use USEPA GWPs.  In the event that 

USEPA revises their published GWPs, BLM Colorado will follow suit.    

 

The first USEPA regulation to limit emissions of GHGs affects light-duty vehicles, including 

passenger cars and light trucks.  The rule sets vehicle manufacturer emission limits for CO2 and 

became effective on July 6, 2010 (GPO 2010f).   

 

As of May 16, 2011, USEPA had not set GHG emission limits for stationary sources.  However, 

USEPA is gathering detailed GHG emission data from thousands of facilities throughout the 

United States.  Data gathered during this effort will be used by USEPA to develop an improved 

national GHG inventory and to inform future GHG emission control regulations.  Beginning in 

2010, many facilities across the United States estimated or measured GHG emissions in 

accordance with USEPA‘s GHG Mandatory Reporting Rule [40 Code of Federal Regulations 

(CFR) Part 98, GPO 2010b].  These emissions will be reported by March 31, 2011.  Many oil 

and gas facilities will begin determining GHG emissions in 2011 and will submit their first 

annual GHG emission reports by March 31, 2012 in accordance with Subpart W of 40 CFR Part 

98 (GPO 2010e).  USEPA will then be able to compile much more complete GHG emissions 

inventories for the oil and gas production sector. 

 

Beginning in 2011, GHG emissions from some facilities will become subject to federal air 

quality permitting programs, such as the Title V Operating Permit Program and the PSD 

Program.  Historically, GHG emissions were not measured by facilities under these programs 

and air quality permits did not address GHGs.  However, USEPA and state and local air quality 

permitting agencies will begin reviewing GHG emissions under these programs in accordance 

with USEPA‘s ―Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring 

Rule‖ (GPO 2010f).  This review may lead to more accurate estimates of GHG emissions from 

these facilities and may prompt GHG emission monitoring in some cases. 

 

Based largely on GHG emission data submitted under the GHG Mandatory Reporting Rule, 

USEPA plans to develop stationary source GHG emission reduction rules that could mandate 

substantial reductions in U.S. GHG emission reductions.  Alternatively, the U.S. Congress may 

develop cap-and-trade legislation as another means to reduce GHG emissions. 

6.4. Quantity of GHG Emissions From BLM Project Activity 

Table 6-1 provides maximum annual Project GHG emission for each Alternative and each of the 

three estimated GHGs, as well as CO2e emissions in metric tons per year (mtpy) for year 2028.  

GHG emissions calculated for this analysis include GHGs that would be emitted from oil and gas 

equipment (combustion sources and equipment leaks), gas venting, and motor vehicle emissions.  

Upstream and downstream GHG emissions are not included in the inventory.  Two examples of 

excluded emissions are (1) GHG emissions associated with electricity produced by other entities 
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and transmitted to oil and gas operators, and (2) GHG emissions associated with combustion of 

natural gas by end users. 

 

In Table 6-1, Project GHG emissions are compared to statewide annual 2005 Colorado emissions 

(CCS 2007).  Actual annual estimated 2005 Colorado GHG emissions were 117.7 million metric 

tons of CO2e.  Due to greater natural gas production, Alternative D produces the greatest 

quantity of CO2e emissions.  Maximum Project GHG emissions are estimated to be 

approximately 0.5 percent of 2005 Colorado GHG emissions.  The maximum estimated Project 

GHG emissions are approximately 0.009 percent of total U.S. 2008 CO2e emissions of 

6,956E+06 mtpy (USEPA 2010b). 

 

Table 6-1.  2028 Project GHG Emissions As Percentage of Colorado Annual Inventory 

CRVFO 
Alternative 

Emissions (mtpy) 

CO2e Emissions 
(10

6
 mtpy) 

Percentage of 
Colorado 

Inventory 
a
 CO2 CH4 N2O 

A 181,592 13,974 2 0.476 0.4% 

B/C 60,682 9,801 1 0.267 0.2% 

D 198,240 19,588 3 0.611 0.5% 

mtpy = metric tons per year 
a Based on Colorado Greenhouse Gas Inventory and Reference Case Projections 1990-2020 (CCS 2007). 

6.5. GHG Efficiency of CRVFO Project Gas Production 

Although Alternative D emits the greatest quantity of GHGs, Alternative A emits the greatest 

quantity of GHG on a natural gas production unit basis.  Table 6-2 illustrates the quantity of 

CO2e emissions per MMscf produced for each CRVFO Alternative.  As shown in Table 6-2, 

Alternatives B and C produce natural gas with the smallest unit-production GHG emissions 

based on emissions from natural gas operations on land managed by the CRVFO.   

 
Table 6-2.  CRVFO Project Natural Gas Production GHG Emission Efficiency 

CRVFO Alternative 

CO2e 

(mtpy) 

Maximum Natural 
Gas Production 

(MMscf/yr) 
GHG Efficiency 

(CO2e mtpy/MMscf) 

A 475,859 97,090 4.90 

B/C 266,907 80,665 3.31 

D 610,576 153,300 3.98 

MMscf/yr = million standard cubic feet per year 

mtpy = metric tons per year 

 

Alternatives B, C, and D include management actions (for BLM sources) that would decrease 

GHG emissions (see Table 2-4).  Many of these emission controls reduce emissions of 

hydrocarbons (chemical compounds that include carbon and hydrogen), including methane and 

VOC.  For example, combustion-based emission controls achieve very high levels of methane 

and VOC destruction.  In addition, prevention of venting and leaks reduce methane emissions.  

The most significant GHG emission control strategies applicable to Alternatives B, C, and D are 

green completion technology, high levels of hydrocarbon emission control on glycol 

dehydrators, and high levels of hydrocarbon control on produced water and condensate storage 

tanks.  Green completion technology captures methane during well completion and injects it into 
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natural gas sales pipelines.  On a field-wide basis, approximately 90 percent of methane 

emissions would be captured using green completion, which has been demonstrated to be 

feasible within the Piceance Basin. 

 

With regard to glycol dehydrators, Alternatives B, C and D would require at least 90 percent 

control of VOC and methane emissions.  For tanks, each of these three Alternatives would 

require at least 95 percent control of VOC and methane emissions.  

 

Alternatives B and C have the lowest GHG emissions on a production unit basis.  This is due in 

large part to electrification of all compressor engines under this Alternative, while Alternative D 

would mandate electrification of 50 percent of compressor engines and Alternative A would not 

require electrification.  However, note that the reduction in GHG emissions does not account for 

emissions associated with electrical power generation at power plants outside the CRVFO. 

 

Equipment located on non-BLM land would not be subject to BLM management actions and 

emissions from these equipment are conservatively assumed to have no special GHG emission 

controls.  This may be an overly conservative assumption since CDPHE may promulgate 

additional regulations that would effectively decrease methane emissions as part of VOC 

emissions reduction efforts. 

 

Furthermore, GHG emissions included in this analysis are likely to be overestimated throughout 

the WRFO 20-year LOP.  Recent regulations require oil and gas producers to estimate and report 

GHG emissions to USEPA under the GHG Mandatory Reporting Rule.  As USEPA reviews this 

data, the agency is likely to develop GHG emissions control requirements specifically applicable 

to oil and natural gas producers. 

6.6. Potential Displacement of Other Fuels 

As mentioned earlier, combustion of natural gas produces lower GHG emissions than 

combustion of most other fossil fuels.  Consequently, natural gas may displace coal and oil as the 

fossil fuel of choice as companies modify operations to reduce GHG emissions from power 

generation, heaters, boilers, vehicles, and other combustion sources.  Table 6-3 provides a 

comparison of natural gas and other fossil fuel combustion emissions.  In terms of GHG 

emissions per MMBtu of heat input, natural gas replacement would reduce GHG emissions from 

coal by approximately 44 percent and would reduce GHG emissions from petroleum by 

approximately 25 to 28 percent. 

 
Table 6-3.  Comparison of GHG Emissions From Fossil Fuel Combustion 

Fuel 

Emissions (kg/MMBtu) 

CO2 CH4 N2O CO2e 

Natural Gas 53.02 0.001 0.0001 53.07 

Coal 
a
 94.38 0.011 0.0016 95.11 

Diesel Fuel 73.25 0.003 0.0006 73.50 

Gasoline 70.22 0.003 0.0006 70.47 

Source:  40 CFR Part 98, Subpart C, Tables C-1 and C-2 (GPO 2010b). 

kg = kilogram 

MMBtu = Million British thermal units 
a The coal CO2 emission factor is based on a mixture of coal types and represents coal used in electricity generation.  

The range of coal CO2 emissions factors is 93.4 to 103.54 kg/MMBtu. 
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To the extent that economics, availability, and regulatory requirements encourage existing fossil 

fuel replacement by natural gas, global GHG emissions can be reduced by increased production 

of natural gas.  For example, the U.S. Energy Information Administration (EIA) predicts that fuel 

switching will prompt an 83 percent increase in electric power sector natural gas consumption 

from 2009 to 2030 (EIA 2009).   

 

While natural gas will displace some fossil fuels, renewable energy is expected to replace some 

natural gas usage in a variety of applications, such as home heating and electric power 

generation.  The EIA predicts that total natural gas consumption in the United States will fall by 

14 percent from 2009 to 2030 (EIA 2009).  If natural gas consumption decreases, natural gas 

production in the CRVFO may be less than the levels of development included in some of the 

Alternatives within this analysis. 
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7.0 SUMMARY 

The results of this analysis indicate that air quality impacts, while noticeable, are generally 

acceptable.  Most predicted criteria pollutant concentrations are well below the NAAQS 

throughout the extensive modeling domains included in this analysis.  In a few cases and in 

limited locations, criteria pollutant concentrations are predicted to be greater than the NAAQS 

when assessing cumulative impacts, as shown in Table 7-1.  Due to the many assumptions 

included in the analysis and the conservative nature of the modeling, these predictions may or 

may not indicate future exceedances of the NAAQS.  Predictions of pollutant concentrations 

approaching or exceeding the NAAQS indicate the need for additional ambient monitoring data, 

refined modeling, and consideration of additional mitigation measures.  As the air quality 

permitting agency, CDPHE-APCD will closely track future air quality changes and require 

facility-specific modeling for high-emitting sources before issuing air quality permits. 

 
Table 7-1.  Summary of Far-field Potential NAAQS Impacts 

Pollutant 
Averaging 

Time 

Potential 
Project 
Impacts 
Above 

NAAQS? 

Potential 
Cumulative 

Impacts 
Above 

NAAQS? 
Comments on Potential Cumulative 

Impacts 

CO 
1 hour No No  

8 hour No No  

NO2 

1 hour 

No Yes 

Potential impacts above the NAAQS may occur 

for all Alternatives at some Class II receptors. 

8 hour No No  

Ozone 8 hour No 
a
 No 

a
  

PM10 

24 hour 

No Yes 

Potential impacts above the NAAQS may occur 

for all Alternatives at some Class II receptors, 

including: 

 Several locations for Alternative A. 

 One location for Alternatives B, C, D 

Annual 

No Yes 

Potential impacts above the NAAQS may occur 

for all Alternatives at some Class II receptors. 

Differences among Alternatives are slight. 

PM2.5 

24 hour 

No Yes 

Potential impacts above the NAAQS may occur 

for all Alternatives at some Class II receptors in 

one area. Differences among Alternatives are 

slight. 

Annual 

No Yes 

Potential impacts above the NAAQS may occur 

for all Alternatives at some Class II receptors. 

Differences among Alternatives are small. 

SO2 

1 hour No No  

3 hour No No  

24 hour No No  

Annual No No  
a Based on ozone DVFs. 
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Far-field potential AQRV impacts are summarized in Table 7-2 and described below. 

 
Table 7-2.  Summary of Far-field Potential AQRV Impacts 

AQRV Potential Project Impacts Potential Cumulative Impacts 

Visibility at Class I 

Areas 

Up to 1 day at Flat Tops WA for 

Alternative A. 
a
 

All Class I areas show impacts for all 

Alternatives.  The maximum number of 

days varies from 1 to 68.  Visibility 

changes are predicted to be greatest at 

Flat Tops WA and for Alternative D. 
a
 

Visibility at Sensitive 

Class II Areas 
Zero days. 

a
 

Both sensitive Class II areas show 

impacts for all Alternatives.  The 

maximum number of days varies from 17 

to 209.  Visibility changes are predicted 

to be greatest at Dinosaur NM and for 

Alternative D. 
a
 

Visibility at Colorado 

Scenic Views 

Up to 1 day at Big Mountain View 

(Alternative A). Up to 69 days at Roan 

Cliffs View (Alternative A). 
a
 

Visibility changes vary greatly.  The 

ranges of the number of days with 

visibility changes are:  Big Mountain 

View (31–208), Holy Cross View (0–8), 

Holy Cross Wilderness View (0–7), 

Rabbit‘s Ear View (9–31), and Roan 

Cliffs View (244–350). 
a
 

N Deposition 

Above the DAT at Flat Tops WA 

(Alternatives A and D) and Maroon 

Bells-Snowmass WA (Alternative A), but 

below the LOC at all receptors. 

Above the DAT at four WAs (Eagles 

Nest, Flat Tops, Maroon Bells-

Snowmass, Mount Zirkel) and at both 

sensitive Class II areas, but below the 

LOC at all receptors. 

S Deposition Below the DAT and LOC at all receptors. Below the DAT and LOC at all receptors. 

Lake ANC Below the LACs for all Lakes. Below the LACs for all Lakes. 

ANC = Acid neutralizing capacity 

DAT = Deposition analysis threshold 

LAC = Limit of acceptable change 

LOC = Level of concern 

N = Nitrogen 

S = Sulfur 
a Reported data reflects a 1.0 dv threshold.  See Appendix G for information on the number of days with predicted visibility 

changes greater than 0.5 dv for Project sources. 

7.1. Emissions and Alternative Comparisons 

Air quality impacts differed among the Alternatives, with Alternative A generally having the 

greatest air quality impacts when emissions from Project sources are modeled.  Alternative A 

includes management actions requiring the lowest level of emission control and has the greatest 

emissions of criteria pollutants and most HAPs.  However, Alternative D has the greatest 

emissions of two HAPs and all GHGs.  Compared to the other Alternatives, Alternative A 

Project emissions cause greater non-ozone criteria pollutant concentrations, visibility changes, S 

and N deposition, and lake ANC changes.  Ozone concentrations were modeled on a cumulative 

basis and paired with WRFO Alternatives (CRVFO Alternative A paired with WRFO 

Alternative A, CRVFO Alternative B paired with WRFO Alternative B, etc.).  Cumulative 

predicted ozone concentrations at ozone monitor locations did not vary noticeably among the 

Alternatives, although localized changes were apparent.  With regard to GHG emissions, 
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Alternative D has the greatest quantity of CO2e emissions, although Alternative A produces 

greater CO2e emissions on a unit production basis. 

7.2. Near-Field Results 

With regard to criteria pollutants subject to NAAQS, six pollutants were modeled.  Near-field 

modeling predicted concentrations below the NAAQS for each non-ozone criteria pollutant and 

averaging time.  HAP emissions were also modeled, though there is no ambient standard for 

these pollutants.  Risks associated with six modeled HAPs and diesel particulate matter were 

predicted to be much less than RELs and RfCs.  Cancer risk was estimated to be below 0.5 in 

one million for the most likely exposure and maximally exposed individual. 

7.3. Far-Field Criteria Pollutant Results 

Far-field criteria pollutant modeling results are briefly summarized, as follows. 

 

 Project impacts are predicted to be below the NAAQS for each Alternative and at each 

modeled receptor for the following pollutants and averaging times. 

o Ozone (8-hour) 

o NO2 (1-hour and annual) 

o PM10 (24-hour and annual) 

o PM2.5 (24-hour and annual) 

o SO2 (1-hour, 3-hour, 24-hour, and annual) 

o CO (1-hour and 8-hour) 

 Cumulative impacts are predicted to be below the NAAQS for each Alternative and at 

each modeled receptor for the following pollutants and averaging times. 

o Ozone (8-hour) 

o NO2 (annual) 

o SO2 (1-hour, 3-hour, 24-hour, and annual) 

o CO (1-hour and 8-hour) 

 NO2 1-hour total concentrations greater than the NAAQS are predicted for each 

Alternative with regard to cumulative impacts (see discussion below). 

 Cumulative 24-hour PM10 total concentrations greater than the NAAQS are predicted for 

each Alternative at one or more small, localized areas.  Predicted exceedances occur at 

several locations when Alternative A cumulative impacts are modeled; however, 

predicted exceedances occur in only one area near a coal mine when Alternative B, C, 

and D cumulative impacts are modeled. 

 Cumulative annual PM10 total concentrations greater than the NAAQS are predicted for 

each Alternative at one or more small, localized areas.   

 Cumulative 24-hour and annual PM2.5 total concentrations greater than the NAAQS are 

predicted for each Alternative in one area surrounding a coal mine. 

7.3.1. NO2 Impacts 

The remainder of this section discusses NO2 and ozone impacts, which are related to one another 

since NO2 is a precursor to ozone.  Predicted future concentrations of NO2 indicate possible 

exceedances of the new 1-hour NO2 standard in several locations in and around the CRVFO due 

to cumulative impacts.  Many of the greatest concentrations are near existing RFFA sources, 

such as compressor stations.  Realizing that modeling for the 1-hour NO2 standard would be 
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challenging, USEPA recently issued guidance for modeling NO2 emissions to demonstrate 

compliance with the new 1-hour NO2 standard (USEPA 2010d).  For air quality permitting 

purposes, the guidance suggests site-specific modeling using detailed data for each facility in 

order to avoid over-predicting NO2 concentrations.  This type of facility-specific modeling was 

not used in this analysis.  Consequently, the CALPUFF model results may over predict NO2.  

Over-prediction during the 20-year LOP also is likely to occur because CALPUFF cumulative 

emission inventories do not account for future NOx emission reductions at existing sources.  

Recent USEPA regulations will significantly reduce NOx emissions from stationary source 

engines, non-road engines, and motor vehicles. 

 

Colorado continues to be designated attainment for the annual NO2 NAAQS.  All major sources 

of NO2 associated with CRVFO oil and gas development will perform NO2 modeling and 

undergo PSD air quality permitting to demonstrate compliance with the 1-hour NO2 standard. 

7.3.2. Ozone Impacts 

Ozone impacts attributable to CRVFO Project and cumulative emissions are not expected to 

cause or contribute to violations of the current 75 ppb ozone NAAQS.  For each Alternative 

(including cumulative oil and gas emissions), current and projected DVs in rural areas of the 4 

km domain are below the 75 ppb ozone NAAQS.  In addition, ozone impacts attributable to 

CRVFO Project emissions do not extend to any DMA monitors. 

 

RRFs demonstrate small, but noticeable, decreases in predicted ozone concentrations when 

comparing predicted future year concentrations for each Alternative modeling scenario to 

Base06c modeled concentrations.  RRFs were calculated for April and July month-long episodes.  

Time series plots for Gothic and other rural monitors illustrate that 8-hour daily maximum ozone 

concentrations predicted for each Alternative are less than the Base06c modeled concentrations 

on every day of each episode.  During July, greater-than-average ozone decreases at the RMNP 

monitor are apparent on peak ozone days.  In other words, a more significant ozone decrease 

occurs at the RMNP monitor on the days with the highest predicted ozone concentrations. 

Although decreases in future ozone concentrations within the CRVFO oil and gas development 

area and nearby areas seem unlikely given the proposed increase in oil and gas activity, several 

factors can explain predicted ozone concentration reductions.  First, emissions from planned oil 

and gas development would be minimized due to stringent emission controls.  Consequently, 

emissions are lower than would normally be expected for the levels of planned oil and gas 

activity.  Second, emissions from many existing sources within and beyond the 4km domain 

would be reduced in future years.  This is particularly true for NO2 emissions due to stringent 

recent USEPA NO2 emission control regulations affecting many types of stationary and mobile 

engines.  As newer equipment replaces older equipment, less NO2 will be emitted throughout the 

United States.  Comparisons of future year and baseline year emission plots and emission data 

indicate substantial NO2 emission reductions throughout many areas of the nation.  These 

emission reductions will reduce ozone and ozone precursor pollutants transported into the 

CRVFO. 

 

Absolute ozone concentration metrics demonstrate decreases in the number of days with ozone 

concentrations above 75 ppb, as well as reductions in the number of grid cells with absolute 

ozone concentrations above 75 ppb.  These ozone improvements occur within the CRVFO and 

across the 4 km domain.  On some days, absolute predicted concentrations exceed 75 ppb.  For 

reasons stated in Section 5.7.4.2, these predicted concentrations do not indicate a violation of the 
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NAAQS.  Additional monitoring data collected in or near the CRVFO are needed in order to 

determine if high ozone concentrations predicted in the CRVFO during April could cause 

concern in localized areas.  New ozone monitors were installed in Meeker and Rangely during 

2010 and will provide additional ambient air quality data in the Piceance Basin.  Although it will 

take several years for these monitors to acquire enough data to develop DVs, data from these 

monitors can be used to inform management actions in the near term and to better assess ozone 

compliance over the next three years. 

 

Ozone impacts attributable to each of the Alternatives are similar to one another.  In some cases, 

ozone impacts associated with Alternatives C and D have a greater geographic extent and in 

some cases greater magnitude.  However, DVF calculations show no differences among the 

Alternatives at all monitors except for the two RMNP monitors.  At these two monitors, a 1 ppb 

increase is predicted for one day during the July episode (July 18) for Alternatives C and D 

compared to Alternatives A and B.  Maximum predicted DVFs at the two RMNP monitors are 

70 ppb and 68 ppb during July. 

7.4. AQRV Results 

AQRV assessments lead to the following conclusions. 

 

 Visibility — Visibility impacts are not evaluated against an enforceable standard.  Instead, 

they are assessed in terms of the number of days in which visibility changes may equal or 

exceed a 0.5 dv (single source) or 1.0 dv (multiple sources) change from estimated natural 

visibility conditions.  Visibility changes 1 dv due to Project emissions are predicted to occur 

on no more than 1 day per year at all Class I areas, sensitive Class II areas, and Colorado 

Scenic Views, except for the Roan Cliffs View (a Colorado Scenic View) which could have 

up to 69 days of visibility change 1 dv.  Cumulative visibility impacts of 1 dv are predicted 

to occur at all Class I areas, sensitive Class II areas, and Colorado Scenic Views.  Areas 

predicted to have the largest cumulative impacts are the Flat Tops WA, Dinosaur NM, Big 

Mountain View, and the Roan Cliffs View. 

 

The Roan Cliffs View is predicted to have the greatest visibility impacts; it is located within 

the CRVFO oil and gas area.  Roan Cliffs View Project impacts are predicted to be 1 dv 

visibility change from natural conditions for 12–69 days per year for Alternative A only, with 

zero days above this threshold for Alternatives B, C, and D.  Roan Cliffs View cumulative 

impacts are predicted to be 1 dv visibility change from natural conditions for 224–350 days 

per year when all alternatives are considered. 

 

 Deposition — S and N deposition are below the Level of Concern at all modeled Class I and 

Sensitive Class II areas. 

 

 Lake Chemistry — At six of the seven modeled sensitive lakes, ANC changes due to Project 

emissions are predicted to be less than 0.1 percent while ANC changes due to cumulative 

emissions are predicted to be less than 1.2 percent.  The greatest ANC changes are predicted 

to occur at Upper Ned Wilson Lake, with decreases in ANC of 0.3 percent and 3.6 percent, 

respectively, for Project and cumulative impacts.  Upper Ned Wilson Lake is extremely 

sensitive to decreases in ANC, and the LAC for this Lake is <1 ueq/liter or 21.2 equivalents.  
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The highest predicted impacts would be 10.5 equivalents under Alternative D cumulative 

impacts.  Therefore all project and cumulative impacts are considered to be insignificant. 

7.5. Climate Change 

Potential climate change impacts were assessed in terms of GHG emissions, levels of GHG 

emission control, comparisons of natural gas combustion to combustion of other fossil fuels, and 

comparisons to Colorado and federal GHG emission inventories.  While GHGs will be emitted 

during oil and gas production, total maximum Project GHG emissions would be approximately 

0.5 percent of total Colorado 2005 GHG emissions and 0.009 percent of U.S. 2008 GHG 

emissions. 

7.6. Additional Monitoring 

Installation and operation of additional monitors within the CRVFO would be valuable.  

Although BLM recently installed ozone monitors in Meeker and Rangely within the WRFO; 

installation of additional ozone, NO2, PM10, and PM2.5 monitors in the CRVFO oil and gas 

development area would quantify pollutant concentrations in the area.  Ambient concentration 

data from these monitors would also improve the accuracy of future modeling.  Local monitoring 

data would help BLM and the CDPHE-APCD identify pollutants and geographic areas of 

concern.  If high pollutant concentrations are detected, mitigation measures could be 

implemented in order to preserve acceptable air quality throughout the CRVFO.
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http://www.epa.gov/air/oaqps/greenbk/map8hrnm.html
http://www.fs.fed.us/air/technical/class_1/wilds.php?recordID=53
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  Development Scenario Alternative A Alternative B Alternative C Alternative D
  Wells Developed Over 20 Years -- Field Wide 12,072 10,965 10,965 15,664
  Wells Developed Over 20 Years Outside Roan Plateau 8,381 7,274 7,274 11,973
       Wells on Fee (Private) Lands 4,845 4,196 4,196 6,903
       Wells on Federal Lands 3,536 3,078 3,078 5,070
       Number of Well Pads 1,415 674 674 1,109
       Typical Wells Per Pad 8 8 8 8
       Maximum Wells Constructed in Single Year 274 238 238 392
       Gas Production at Well Pad (MMscfd/well pad) 0.800 0.800 0.800 0.800
  Wells Developed Over 20 Years for the Roan Plateau 3,691 3,691 3,691 3,691
       Wells on Fee (Private) Lands 2,121 2,121 2,121 2,121
       Wells on Federal Lands 1,570 1,570 1,570 1,570
       Number of Well Pads 669 669 669 669
       Typical Wells Per Pad 8 8 8 8
       Maximum Wells Constructed in Single Year 121 121 121 121
       Gas Production at Well Pad (MMscfd/well pad) 0.800 0.800 0.800 0.800
  Maximum Additional Drill Rigs -- Field wide 8 7 7 10
  Percent of Drill Rigs for the Roan Plateau (%) 31 34 34 24
  Maximum Gas Production (MMscfd) -- Field Wide 1,207 1,097 1,097 1,566
  Gas Production Per Well (MMscfd/well) -- Field Wide 0.100 0.100 0.100 0.100

  Field Compression Alternative A Alternative B Alternative C Alternative D
  Assumed Field Compressor Station Throughput (MMscfd) 180 180 180 180
  Number of Field Compressor Stations -- Field Wide 7 6 6 9
  Number of Field Compressor Stations Outside Roan 5 4 4 7

Emission Source Controlled Pollutant Alt. A -- Control Efficiency1 (%) Alt. B -- Control Efficiency1 (%) Alt. C -- Control Efficiency1 (%) Alt. D -- Control Efficiency1 (%)
Local Roads PM10, PM2.5 50 94 94 94

Resource Roads PM10, PM2.5 50 94 94 94
Construction Activities PM10, PM2.5 50 50 50 50
Compressor Engines2 All (due to electrification) 0 100 100 50

Well Completion VOC, HAP 47.5 98.95 98.95 98.95
Glycol Dehydrators3 VOC, HAP 0 90 90 90

Condensate and 
Produced Water Tanks3 VOC, HAP 0 95 95 95

Emission Source Controlled Pollutant Alternative A Methods Alternative B Methods Alternative C Methods Alternative D Methods

Local Roads PM10, PM2.5 Watering. Watering, chemical suppression, graveling or 
paving.

Watering, chemical suppression, graveling or 
paving. Watering, chemical suppression, graveling or paving.

Resource Roads PM10, PM2.5 Watering. Watering, chemical suppression, graveling or 
paving.

Watering, chemical suppression, graveling or 
paving. Watering, chemical suppression, graveling or paving.

Construction Activities PM10, PM2.5 Watering. Watering or chemical suppression. Watering or chemical suppression. Watering or chemical suppression.
Drill Rig Engines SO2 Ultra-low sulfur diesel fuel (15 ppm). Ultra-low sulfur diesel fuel (15 ppm). Ultra-low sulfur diesel fuel (15 ppm). Ultra-low sulfur diesel fuel (15 ppm).

Drill Rig Engines NOx, PM10, PM2.5, VOC Drill rig engines would meet Colorado and EPA 
requirements.

Within one year of the ROD, all new and 
existing drill rig engines would meet Tier 4 
Nonroad Diesel Engine Standards

Within one year of the ROD, all new and 
existing drill rig engines would meet Tier 4 
Nonroad Diesel Engine Standards

Within one year of the ROD, all new and existing drill rig 
engines would meet Tier 2 Nonroad Diesel Engine Standards, 
and by year 2015, all new and existing drill rig engines would 
meet EPA Tier 4 emissions standards.

Frac Pump Engines NOx, PM10, PM2.5, VOC Frac pump engines would meet Colorado and 
EPA requirements.

Within one year of the ROD, all new and 
existing frac pump engines would meet Tier 4 
Nonroad Diesel Engine Standards

Within one year of the ROD, all new and 
existing frac pump engines would meet Tier 4 
Nonroad Diesel Engine Standards

Within one year of the ROD, all new and existing frac pump 
engines would meet Tier 2 Nonroad Diesel Engine Standards, 
and by year 2015, all new and existing frac pump engines 
would meet EPA Tier 4 emissions standards.

Well Completion VOC, HAP Flaring and venting would be allowed in 
accordance with Notice to Lessees (NTL-4A). Green completion for 98% of wells. Green completion for 98% of wells. Green completion for 98% of wells. 

Compressor Engines2 CO, NOx, VOC Meet EPA and Colorado standards.

New and existing compressor engines required 
to meet CDPHE AQCC Regulation No.7 
emissions standards for new and relocated 
engines, compliance with EPA standards also 
required.

New and existing compressor engines required 
to meet CDPHE AQCC Regulation No.7 
emissions standards for new and relocated 
engines, compliance with EPA standards also 
required.

New and relocated compressor engines required to meet 
CDPHE AQCC Regulation No.7 emissions standards for new 
and relocated engines, compliance with EPA standards also 
required.

Compressor Engines2 All No electrification at compressor stations. 100% of compressor engines at compressor 
stations will be electrified (no emissions).

100% of compressor engines at compressor 
stations will be electrified (no emissions).

50% of compressor engines at compressor stations will be 
electrified (no emissions).

Glycol Dehydrators3 VOC, HAP Meet EPA and Colorado standards.  90% control. 90% control. 90% control.
Condensate and 

Produced Water Tanks3 VOC, HAP No control, unless required by EPA or 
Colorado regulations. 95% control. 95% control. 95% control.

1

2

3 Equipment located at major sources of air pollution could be subject to more stringent control, as determined by CDPHE on a case-by-case basis.

Control efficiency is based on "add-on" controls compared to uncontrolled emissions.  Control efficiencies are not included for equipment subject to emission limits imposed on engine manufacturers.
Compressor engines will meet engine manufacturer emission control standards in accordance federal and state regulations.  These controls are reflected in the emission factors used to calculate emissions; consequently, zero emission control is shown for most compressor engines.  However, in-field compressor engine emissions may be avoided by 
use of electrically-powered compressors.  Alternative D management actions require electrification of at least 50 percent of all compression at compressor stations.  This requirement is accounted for by including 50 percent "control" of all emissions associated with compressor engines at compressor stations.

Alternative Description

Emission Controls

Colorado River Valley Field Office (CRVFO)
9/3/2010
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CRVFO Alternative: All
Phase: Construction and Production

Activity: All
Date: 9/3/2010

Actitivty Description on BLM and non-BLM Land

Alternative A 2028 Activity Outside Roan Total

Fraction on BLM 
Land Outside 

Roan
On BLM Land 
Outside Roan

On Fee (Private) 
Land Outside 

Roan Roan Total

Fraction on BLM 
Land for the 

Roan
On BLM Land for 

the Roan

On Fee (Private) 
Land for the 

Roan

Forest 
Service 

Total

Wells Constructed During 2028 1 274 0.3179 87 187 121 0.4254 51 69 0

Drill Rigs Operating During 2028 1 5 0.3179 2 4 2 0.4254 1 1 0

Wells Operating During 2028 1 8,381 0.3179 2,664 4,845 3,691 0.4254 1,570 2,121 872
Operating Compressor Stations 1 5 0.3179 2 3 2 0.4254 1 1 0

Alternative B 2028 Activity Outside Roan Total

Fraction on BLM 
Land Outside 

Roan
On BLM Land 
Outside Roan

On Fee (Private) 
Land Outside 

Roan Roan Total

Fraction on BLM 
Land for the 

Roan
On BLM Land for 

the Roan

On Fee (Private) 
Land for the 

Roan

Forest 
Service 

Total

Wells Constructed During 2028 1 238 0.3033 72 166 121 0.4254 51 69 0

Drill Rigs Operating During 2028 1 5 0.3033 1 3 2 0.4254 1 1 0

Wells Operating During 2028 1 7,274 0.3033 2,206 4,196 3,691 0.4254 1,570 2,121 872
Operating Compressor Stations 1 4 0.3033 1 3 2 0.4254 1 1 0

Alternative C 2028 Activity Outside Roan Total

Fraction on BLM 
Land Outside 

Roan
On BLM Land 
Outside Roan

On Fee (Private) 
Land Outside 

Roan Roan Total

Fraction on BLM 
Land for the 

Roan
On BLM Land for 

the Roan

On Fee (Private) 
Land for the 

Roan

Forest 
Service 

Total

Wells Constructed During 2028 1 238 0.3033 72 166 121 0.4254 51 69 0

Drill Rigs Operating During 2028 1 5 0.3033 1 3 2 0.4254 1 1 0

Wells Operating During 2028 1 7,274 0.3033 2,206 4,196 3,691 0.4254 1,570 2,121 872
Operating Compressor Stations 1 4 0.3033 1 3 2 0.4254 1 1 0

Alternative D 2028 Activity Outside Roan Total

Fraction on BLM 
Land Outside 

Roan
On BLM Land 
Outside Roan

On Fee (Private) 
Land Outside 

Roan Roan Total

Fraction on BLM 
Land for the 

Roan
On BLM Land for 

the Roan

On Fee (Private) 
Land for the 

Roan

Forest 
Service 

Total

Wells Constructed During 2028 1 392 0.3506 137 255 121 0.4254 51 69 0

Drill Rigs Operating During 2028 1 8 0.3506 3 5 2 0.4254 1 1 0

Wells Operating During 2028 1 11,973 0.3506 4,198 6,903 3,691 0.4254 1,570 2,121 872
Operating Compressor Stations 1 7 0.3506 2 5 2 0.4254 1 1 0

1 Approximate locations of wells, drill rigs, and compressor stations on BLM and non-BLM lands were provided by the BLM.

Year 2028 CRVFO BLM and Non-BLM Activity Summary
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CRVFO Alternative: All
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Total CRVFO Project (BLM outside Roan) and Non-Project Emissions

Alternative Source Location NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene
Ethyl-

benzene Xylene Hexane Form. CO2 CH4 N2O CO2e 1

CO2e 
(metric 

tons/yr) 1

BLM (outside Roan) 423 805 1 1,950 200 3,382 73 52 0.31 28 210 55 200,171 15,404 2 524,396 475,859
Fee/Private (outside Roan) 775 1,488 2 3,621 372 6,177 134 95 0.57 51 383 101 369,750 28,247 4 964,307 875,052
BLM (Roan) 249 474 0 1,149 118 1,993 43 31 0.18 17 124 33 117,969 9,078 1 309,047 280,442
Fee/Private (Roan) 336 641 1 1,553 159 2,692 58 42 0.25 22 168 44 159,370 12,264 2 417,509 378,865
US Forest Service 132 238 0 564 58 1,080 24 17 0.10 9 69 18 59,821 4,810 1 161,058 146,150
Total 1,915 3,646 4 8,837 906 15,325 332 236 1.42 128 954 251 907,080 69,802 11 2,376,317 2,156,368
BLM (outside Roan) 60 103 1 66 10 1,268 21 22 0.22 17 122 0.04 66,891 10,804 1 294,131 266,907
Fee/Private (outside Roan) 672 1,292 2 139 22 5,353 116 83 0.49 45 331 87 320,984 24,494 4 836,555 759,124
BLM (Roan) 43 73 0 47 7 903 15 16 0.16 12 87 0.03 47,606 7,689 1 209,332 189,956
Fee/Private (Roan) 336 641 1 64 10 2,692 58 42 0.25 22 168 44 159,370 12,264 2 417,509 378,865
US Forest Service 19 16 0 13 3 499 8 9 0.09 7 48 0.01 21,598 4,266 0 111,304 101,002
Total 1,130 2,125 3 328 53 10,716 219 171 1.21 102 757 131 616,450 59,518 8 1,868,830 1,695,853
BLM (outside Roan) 60 103 1 66 10 1,268 21 22 0.22 17 122 0.04 66,891 10,804 1 294,131 266,907
Fee/Private (outside Roan) 672 1,292 2 139 22 5,353 116 83 0.49 45 331 87 320,984 24,494 4 836,555 759,124
BLM (Roan) 43 73 0 47 7 903 15 16 0.16 12 87 0.03 47,606 7,689 1 209,332 189,956
Fee/Private (Roan) 336 641 1 64 10 2,692 58 42 0.25 22 168 44 159,370 12,264 2 417,509 378,865
US Forest Service 19 16 0 13 3 499 8 9 0.09 7 48 0.01 21,598 4,266 0 111,304 101,002
Total 1,130 2,125 3 328 53 10,716 219 171 1.21 102 757 131 616,450 59,518 8 1,868,830 1,695,853
BLM (outside Roan) 383 726 1 177 25 2,599 41 43 0.46 32 234 44 218,522 21,592 3 672,854 610,576
Fee/Private (outside Roan) 1,101 2,110 2 306 44 8,789 190 136 0.81 73 545 143 524,386 40,146 6 1,369,415 1,242,663
BLM (Roan) 143 271 0 66 9 972 15 16 0.17 12 87 16 81,725 8,075 1 251,639 228,348
Fee/Private (Roan) 336 641 1 90 13 2,692 58 42 0.25 22 168 44 159,370 12,264 2 417,509 378,865
US Forest Service 74 126 0 24 4 538 8 9 0.10 7 49 9 40,548 4,480 1 134,802 122,325
Total 2,037 3,874 5 663 95 15,590 313 245 1.79 146 1,083 256 1,024,551 86,557 13 2,846,220 2,582,776

1 CO2 equivalent (CO2e) is calculated by multiplying each GHG by its Global Warming Potential.  Global Warming Potential from 40 CFR Part 98, Subpart A, Table A-1. (CO 2 = 1; CH4 = 21; N2O = 310)

D

A

B

Year 2028 CRVFO BLM and Non-BLM Emission Summary (tons and metric tons)

C

Emissions (ton/yr)

9/3/2010
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CRVFO Alternative: All
Phase: Construction and Production

Activity: All
Date: 9/3/2010

Source Category Alt. A Alt. B Alt. C Alt. D Alt. A Alt. B Alt. C Alt. D
Land Disturbance From Well Pad, Resource Road to Well Pad, 
an equal portion of the divided Local Road for each well pad, an 
equal portion of the divided area for other associated 
infrastructure, and pipeline disturbance per pad (acres) 10.05 10.05 10.05 10.05 1 1 1 1
Ratio of Months with Frozen or Muddy Roads 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vehicle Road Dust Local Road -- Control Percent (%) 50 94 94 94 0.5 0.06 0.06 0.06
Vehicle Road Dust Resource Road -- Control Percent (%) 50 94 94 94 0.5 0.06 0.06 0.06
Average Well Count Per Pad outside Roan Plateau 8 8 8 8 8 8 8 8
Average Well Count Per Pad for the Roan Plateau 8 8 8 8 8 8 8 8
Condensate Tank -- Control Percent (%) 0 95 95 95 1 0.05 0.05 0.05
Produced Water Tank -- Control Percent (%) 0 95 95 95 1 0.05 0.05 0.05
Glycol Dehydrator -- Control Percent (%) 0 90 90 90 1 0.1 0.1 0.1
Percent of producing wells that are recompleted each year 
(%) 1 1 1 1 83.81 72.74 72.74 119.73
Number of pneumatic pumps for all gas plants 0 0 0 0 0.0 0.0 0.0 0.0
Number of pneumatic pumps for all compressor stations 0 0 0 0 0.0 0.0 0.0 0.0
Number of pneumatic pumps for all consolidated field 
facilities 0 0 0 0 0.0 0.0 0.0 0.0
Number of pneumatic pumps per well --- --- --- --- 1.00 1.00 1.00 1.00

Well Completion percentage of wells with green completion 0 98 98 98 1.00 0.02 0.02 0.02
Well Pad Wind Erosion Emissions During Production -- 
Control Percent (%) 50 50 50 50 0.4785 0.4785 0.4785 0.4785
For Production Operations -- percentage of produced water 
that is trucked 60 10 10 20 0.6 0.1 0.1 0.2
For Production Operations -- percentage of facilities 
consolidated 60 90 90 80 0.4 0.1 0.1 0.2
Electrification of Compressor Engines at Compressor 
Stations (%) 0 100 100 50 1.0 0.0 0.0 0.5

Parameter Value (Units shown at left)

Scaling Factor for Alternative Calculations 
(Units are number of wells, number of 

sources, or percentage)

Scaling Factors for CRVFO Alternatives

NOTE:  These scaling factors are used throughout the emission 
calculation worksheets in order to streamline alternative-specific 
calculations.
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CRVFO Alternative: All
Phase: Construction

Activity: Well Pad Construction
Emissions: Fugitive Particulate Emissions

from Well Pad and Resource Road Construction
Date: 9/3/2010

Well Pad, 
Resource 

Road, Local 
Road Area 1

Construction 
Activity TSP 

Emission Factor2
Construction 

Activity Duration
Construction 

Activity Duration
Manual Emission 
Control Efficiency

Rainfall 
Emission 
Control 

Efficiency3
PM10 Emissions 

(controlled)
PM2.5 Emissions 

(controlled)4
Wells per 
Well Pad

PM10 

Emissions 
(controlled)

PM2.5 

Emissions 
(controlled)

(acre) (tons/acre-month) (days/well pad) (hours/day) (%) (%) (lb/well pad) (lb/well pad) (lb/well) (lb/well)

10.1 1.2 5 10 50 100 197.63 19.76 8 24.70 2.47

Well Pad Construction Emissions (lb/well/day) 4.94 0.49 0.62 0.06

1

2

3 Frequency is 4.3% of annual hours have measurable precipitation -- Western Regional Climate Center (http://www.wrcc.dri.edu/htmlfiles/hrsofppt.html).
4

AP-42 (EPA 2006), Section 13.2.3, "Heavy Construction Operations".

Assuming that PM2.5 accounts for 10% of PM10 based on "Analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Land Disturbance From Well Pad, Resource Road, and Local Road Construction

Total disturbance area per well pad is estimated to be 6 acres for the well pad, 0.25 acre for a portion of compressor station and central treating facility (CTF), 2.8 acres for resource road 
and portion of local road area, and 1 acres for a portion of pipeline disturbance.
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CRVFO Alternative: All

Phase: Construction

Activity: Well Pad/Resource Road

Emissions: Fugitive Particulate From Well 

Pad and Resource Road Construction

Traffic on Unpaved Roads

Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/pad) (miles) (VMT/pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/pad) (lb/pad)

Low boy hauler Local water/chemical 85,000 25 37 6 4 24 0.5 0 6.81 0.68 163.48 16.35

Resource water 85,000 25 37 6 1 6 0.5 0 6.81 0.68 40.87 4.09

Gravel haul trucks Local water/chemical 54,000 25 37 45 4 180 0.5 0 5.55 0.56 999.68 99.97

Resource water 54,000 25 37 45 1 45 0.5 0 5.55 0.56 249.92 24.99

Fuel tanker Local water/chemical 54,000 25 37 1 4 4 0.5 0 5.55 0.56 22.22 2.22

Resource water 54,000 25 37 1 1 1 0.5 0 5.55 0.56 5.55 0.56

Water tanker (100 bbl) Local water/chemical 54,000 25 37 10 4 40 0.5 0 5.55 0.56 222.15 22.22

Resource water 54,000 25 37 10 1 10 0.5 0 5.55 0.56 55.54 5.55

Light trucks/pickups Local water/chemical 8,000 35 37 22 4 88 0.5 0 2.35 0.24 206.96 20.70

Resource water 8,000 35 37 22 1 22 0.5 0 2.35 0.24 51.74 5.17

 Total Unpaved Road Traffic Emissions (lb/pad) 2,018.11 201.81

Wells per Pad 8 8

 Total Unpaved Road Traffic Emissions (lb/well) 252.26 25.23

1

2

3

4

5

6
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
Calculated as lb/VMT x VMT/pad x control efficiency.

Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).
Calculated as Round Trips per Vehicle Type x Round Trip Distance.

Vehicle Road Dust From Well Pad/Resource Road Construction

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
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CRVFO Alternative: All
Phase: Construction

Activity: Well Pad/Resource Road
Emissions: Diesel Combustion Emissions

 from Heavy Equipment Exhaust
Date:

Heavy 
Equipment

Engine 
Horsepower

Operating 
Load 

Factor1 Pollutant Emission Factor

Construction 
Activity 

Duration Pollutant Emissions

(hp) (hr)

CO NOx SO2 VOC PM10
4 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10

4 CO2 CH4 N2O Form. Benzene Toluene Xylene

Backhoe2 100 0.4 2.45 7.46 0.027 0.55 0.789 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 9 1.94 5.92 0.02 0.44 0.63 414.37 0.02 0.00 0.00 0.00 0.00 0.00

Motor Grader2 165 0.4 2.45 7.46 0.027 0.55 0.789 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 12 4.28 13.03 0.05 0.96 1.38 911.60 0.04 0.01 0.01 0.01 0.00 0.00

D8 Dozer3 300 0.4 2.15 7.81 0.027 0.75 0.692 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 50 28.44 103.31 0.36 9.92 9.15 6906.08 0.33 0.07 0.05 0.04 0.02 0.01

Total Heavy Equipment Exhaust Emissions (lb/well pad) 34.66 122.25 0.43 11.32 11.16 8232.05 0.40 0.09 0.06 0.05 0.02 0.01

Wells per Pad 8 8 8 8 8 8 8 8 8 8 8 8

Total Heavy Equipment Exhaust Emissions (lb/well) 4.33 15.28 0.05 1.41 1.39 1029.01 0.05 0.01 0.01 0.01 0.00 0.00

1

2

3

4

5

6

7

8

9

Well Pad/Resource Road Heavy Construction Equipment Exhaust

Taken from "Surface Mining" (Pfleider 1972) for average service duty.

AP-42 (EPA 1985), Volume II Mobile Sources.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm).

Emission factor for track-type tractor.

(g/hp-hr) (lb/well pad)

9/3/2010

Based on N2O emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

PM2.5 assumed equivalent to PM10 for combustion sources.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-hr = pounds per horsepower-hour.
Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; converted to g/hp-hr.
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CRVFO Alternative: All
Phase: Construction

Activity: Well Pad/Resource Road Construction 
Emissions: Construction Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Low boy hauler 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 6 5 30 0.70 0.94 0.00 0.12 0.03 112.43 0.01 0.00 0.00 0.00 0.00 0.00

Gravel hauler 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 45 5 225 5.28 7.02 0.01 0.90 0.26 843.25 0.04 0.02 0.01 0.00 0.00 0.00

Fuel tanker 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 1 5 5 0.12 0.16 0.00 0.02 0.01 18.74 0.00 0.00 0.00 0.00 0.00 0.00

Water tanker (100 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 10 5 50 1.17 1.56 0.00 0.20 0.06 187.39 0.01 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck 2.429 1.395 0.006 1.262 0.2256 230 0.018 4.59E-02 0.0487 0.02524 0.00371 0.0026 14 5 70 0.37 0.22 --- 0.19 0.03 35.49 0.00 0.01 0.01 0.00 0.00 0.00

Light duty gasoline truck 39.45 2.011 0.007 2.209 0.03 330 0.119 4.92E-02 0.0334 0.0594 0.00371 0.0026 8 5 40 3.48 0.18 --- 0.19 0.00 29.10 0.01 0.00 0.00 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 11.13 10.07 0.01 1.64 0.40 1226.41 0.07 0.04 0.02 0.01 0.00 0.00

Wells per Pad 8 8 8 8 8 8 8 8 8 8 8 8

Total Heavy Equipment Exhaust Emissions (lb/well) 1.39 1.26 0.00 0.20 0.05 153.30 0.01 0.00 0.00 0.00 0.00 0.00

1

2

5

6

7

8

9

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of 
Mobile Sources, American Petroleum Institute (2004).

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Pad/Resource Road Construction Vehicle Exhaust

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types 
of Mobile Sources, American Petroleum Institute (2004).
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CRVFO Alternative: All
Phase: Construction

Activity: Drill Rig Transport
Emissions: Fugitive Particulate from Drill Rig 

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well pad) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Rig Hauler Local water/chemical 100,000 25 37 35 4 140 0.5 0 7.33 0.73 1025.98 102.60

Resource water 100,000 25 37 35 1 35 0.5 0 7.33 0.73 256.50 25.65

Water tanker (130 bbl) Local water/chemical 85,000 25 37 0 4 0 0.5 0 6.81 0.68 0.00 0.00

Resource water 85,000 25 37 0 1 0 0.5 0 6.81 0.68 0.00 0.00

 Total Unpaved Road Traffic Emissions (lb/well pad) 1,282.48 128.25

1

2

3

4

5

6

Vehicle Road Dust From Drill Rig Transport

Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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CRVFO Alternative: All
Phase: Construction

Activity: Drill Rig and Water Transport
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

3 CH4
4 N2O

7 Form.5 Benzene5 Toluene5 Xylene5 CO NOx SO2
6 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Rig haulers 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 35 5 175 4.11 5.46 0.01 0.70 0.20 655.86 0.03 0.01 0.00 0.00 0.00 0.00

Water truck (130 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 0 5 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 4.11 5.46 0.01 0.70 0.20 655.86 0.03 0.01 0.00 0.00 0.00 0.00

1

2

3

4

5

6

7

(g/mi) (lb/well pad)

Pollutant Emissions

Drill Rig and Drilling Water Transport Exhaust Emissions

9/3/2010

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for
Different Types of Mobile Sources, American Petroleum Institute (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American Petroleum Institute (2004).
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CRVFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Fugitive Particulate From Drilling

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well) (lb/well)

Fuel tanker Local water/chemical 54,000 25 37 8 4 32 0.5 0 5.55 0.56 177.72 17.77

Resource water 54,000 25 37 8 1 8 0.5 0 5.55 0.56 44.43 4.44

Logging truck Local water/chemical 35,000 25 37 1 4 4 0.5 0 4.57 0.46 18.28 1.83

Resource water 35,000 25 37 1 1 1 0.5 0 4.57 0.46 4.57 0.46

Cement truck Local water/chemical 54,000 25 37 2 4 8 0.5 0 5.55 0.56 44.43 4.44

Resource water 54,000 25 37 2 1 2 0.5 0 5.55 0.56 11.11 1.11

Cement supply truck Local water/chemical 66,000 25 37 2 4 8 0.5 0 6.08 0.61 48.63 4.86

Resource water 66,000 25 37 2 1 2 0.5 0 6.08 0.61 12.16 1.22

Water tanker (130 bbl) Local water/chemical 85,000 25 37 200 4 800 0.5 0 6.81 0.68 5449.29 544.93

(road dust control) Resource water 85,000 25 37 200 1 200 0.5 0 6.81 0.68 1362.32 136.23

Light duty vehicles (bits) Local water/chemical 8,000 35 37 4 4 16 0.5 0 2.35 0.24 37.63 3.76

Resource water 8,000 35 37 4 1 4 0.5 0 2.35 0.24 9.41 0.94

Light duty vehicles Local water/chemical 3000 35 37 100 4 400 0.5 0 1.51 0.15 605.03 60.50

(commuting) Resource water 3000 35 37 100 1 100 0.5 0 1.51 0.15 151.26 15.13

  Total Unpaved Road Traffic Emissions (lb/well) 7,976.26 797.63

1

2

3

4

5

6

Vehicle Road Dust During Drilling

Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).

Calculated as lb/VMT x VMT/well x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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CRVFO Alternative: All
Phase: Construction

Activity:
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Fuel tanker 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 8 5 40 0.94 1.25 0.00 0.16 0.05 149.91 0.01 0.00 0.00 0.00 0.00 0.00

Logging truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 1 5 5 0.12 0.16 0.00 0.02 0.01 18.74 0.00 0.00 0.00 0.00 0.00 0.00

Cement truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 2 5 10 0.23 0.31 0.00 0.04 0.01 37.48 0.00 0.00 0.00 0.00 0.00 0.00

Cement supply truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 2 5 10 0.23 0.31 0.00 0.04 0.01 37.48 0.00 0.00 0.00 0.00 0.00 0.00

Water truck (130 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 200 5 1000 23.46 31.22 0.03 4.02 1.17 3747.80 0.18 0.09 0.02 0.02 0.01 0.01

Light duty diesel truck 2.429 1.395 0.00597 1.262 0.2256 230 0.018 0.046 0.0487 0.02524 0.00371 0.0026 3 5 15 0.08 0.05 --- 0.04 0.01 7.61 0.00 0.00 0.00 0.00 0.00 0.00
(bits)

Light duty gasoline truck 39.45 2.011 0.00702 2.209 0.03 330 0.119 0.049 0.0334 0.0594 0.00371 0.0026 1 5 5 0.43 0.02 --- 0.02 0.00 3.64 0.00 0.00 0.00 0.00 0.00 0.00
 (bits)

Light duty diesel truck 2.429 1.395 0.00597 1.262 0.2256 230 0.018 0.046 0.0487 0.02524 0.00371 0.0026 60 5 300 1.61 0.92 --- 0.83 0.15 152.12 0.01 0.03 0.03 0.02 0.00 0.00
  (commuting)

Light duty gasoline truck 39.45 2.011 0.00702 2.209 0.03 330 0.119 0.049 0.0334 0.0594 0.00371 0.0026 40 5 200 17.39 0.89 --- 0.97 0.01 145.50 0.05 0.02 0.01 0.03 0.00 0.00
  (commuting)

Total Heavy Equipment Exhaust Emissions (lb/well) 44.50 35.12 0.04 6.16 1.41 4300.26 0.26 0.15 0.07 0.06 0.01 0.01

1

2

5

6

7

8

9

(g/mi) (lb/well)

Pollutant Emissions

Drilling Operation Vehicle Exhaust

9/3/2010

Drilling

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different 
Types of Mobile Sources, American Petroleum Institute (2004).

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of 
Mobile Sources, American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.
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CRVFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Drilling Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Pollutant

Pollutant 
Emission 
Factor1

Total 
Horsepower 
All Engines2

Overall 
Load 

Factor3
Drilling Activity 

Duration
Factor for Drilling 
Activity Duration Emissions Emissions

(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 2,952 0.40 7 24 1,137.07         6.77         
NOx 0.5000 2,952 0.40 7 24 218.67         1.30         
SO2

4 0.0278 2,952 0.40 7 24 12.16         0.07         
VOC 0.1400 2,952 0.40 7 24 61.23         0.36         
PM10

5 0.0220 2,952 0.40 7 24 9.62         0.06         
(lb/hp-hr)

CO2
6 1.15000 2,952 0.40 7 24 228,130.56         1,357.92         

CH4
7 5.53E-05 2,952 0.40 7 24 10.97         0.07         

N2O
8 1.24E-05 2,952 0.40 7 24 2.46         0.01         

Formaldehyde9 5.52E-07 2,952 0.40 7 24 0.11         0.00         
Benzene10 6.53E-06 2,952 0.40 7 24 1.30         0.01         
Toluene10 2.86E-06 2,952 0.40 7 24 0.57         0.00         
Xylene10 2.00E-06 2,952 0.40 7 24 0.40         0.00         

1

2

3

4

5

6

7

8

9

10

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and 
Diesel Industrial Engines"; lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline 
and Diesel Industrial Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting 
for low-sulfur fuel (15 ppm).

Drilling Emissions - Tier 4b - Directional Drilling

Emission factors for Tier 4 (2015) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: 
Final Rule" (69 FR 38980, June 29, 2004) for generator sets greater than 750 hp and from Diesel Net, Emissions Standards: USA: 
Nonroad Diesel Engines, Table 4, "Tier 4 Emission Standards—Engines Above 560 kW (g/bhp-hr)."  Available on-line at 
http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on three 1,000 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).
The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors 
for Uncontrolled Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 
7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic 
Compound Emission Factors for Large Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average 
brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the 
"Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the 
"Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).
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CRVFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Frac Pump Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Pollutant

Pollutant 
Emission 
Factor1

Total Horsepower 
All Engines2

Overall Load 
Factor3

Fracing Activity 
Duration

Factor for Fracing 
Activity Duration Emissions Emissions

(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 10,000 0.75 0.5 24 515.87         42.99         
NOx 0.5000 10,000 0.75 0.5 24 99.21         8.27         
SO2

4 0.0278 10,000 0.75 0.5 24 5.52         0.46         
VOC 0.1400 10,000 0.75 0.5 24 27.78         2.31         
PM10

5 0.02200 10,000 0.75 0.5 24 4.37         0.36         
(lb/hp-hr)

CO2
6 1.15000 10,000 0.75 0.5 24 103,500.00         8,625.00         

CH4
7 5.53E-05 10,000 0.75 0.5 24 4.98         0.41         

N2O
8 1.24E-05 10,000 0.75 0.5 24 1.12         0.09         

Formaldehyde9 5.52E-07 10,000 0.75 0.5 24 0.05         0.00         
Benzene10 6.53E-06 10,000 0.75 0.5 24 0.59         0.05         
Toluene10 2.86E-06 10,000 0.75 0.5 24 0.26         0.02         
Xylene10 2.00E-06 10,000 0.75 0.5 24 0.18         0.02         

1

2

3

4

5

6

7

8

9

10

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines"; lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel (15 ppm).

Frac Pump Emissions - Tier 4b 

Emission factors for Tier 4 (2015) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 
38980, June 29, 2004) for generator sets greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 4, "Tier 4 
Emission Standards—Engines Above 560 kW (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on eight 1,500 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).
The overall load factor is 0.85.

PM2.5 assumed equivalent to PM10 for drilling engines.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled 
Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average BSFC of 7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors 
for Large Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 
Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).
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CRVFO Alternative: All
Phase: Construction

Activity: Completion and Testing
Emissions: Fugitive Particulate From Completion and 

Testing Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle Miles 
Traveled 
(VMT)2

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well pad) (miles) (VMT/well pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Water tanker (130 bbl) Local water/chemical 85,000 25 37 208 4 832 0.5 0 6.81 0.68 5667.26 566.73

Resource water 85,000 25 37 208 1 208 0.5 0 6.81 0.68 1416.82 141.68

  Total Unpaved Road Traffic Emissions (lb/well pad) 7,084.08 708.41

1

2

3

4

5

6

Vehicle Road Dust During Completion Watering

Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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CRVFO Alternative: All
Phase: Construction

Activity: Well Completion and Testing
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10

4 CO2 CH4 N2O Form. Benzene Toluene Xylene

Water tanker (130 bbl) 10.641 14.16 0.01504 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 208 5 1040 24.40 32.47 0.03 4.18 1.21 3897.71 0.19 0.09 0.02 0.02 0.01 0.01

Total Heavy Equipment Exhaust Emissions (lb/well pad) 24.40 32.47 0.03 4.18 1.21 3897.71 0.19 0.09 0.02 0.02 0.01 0.01

1

2

4

5

6

7

8

9

10

11

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
PM2.5 assumed equivalent to PM10 for combustion sources.

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Completion Watering Vehicle Exhaust

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different 
Types of Mobile Sources, American Petroleum Institute (2004).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for 
Denver, CO, with average winter/summer concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for 
Denver, CO, with average winter/summer concentrations.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types 
of Mobile Sources, American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.
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CRVFO Alternative: All
Phase: Construction

Activity: Completion and Testing
Emissions: Fugitive Particulate From Completion and 

Testing Traffic on Unpaved Roads
Date:

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle Miles 
Traveled (VMT)2

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well pad) (miles) (VMT/well pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Casing hauler Local water/chemical 100,000 25 37 3 4 12 0.5 0 7.33 0.73 87.94 8.79

Resource water 100,000 25 37 3 1 3 0.5 0 7.33 0.73 21.99 2.20

Completion rig Local water/chemical 85,000 25 37 1 4 4 0.5 0 6.81 0.68 27.25 2.72

Resource water 85,000 25 37 1 1 1 0.5 0 6.81 0.68 6.81 0.68

Logging truck Local water/chemical 35,000 25 37 2 4 8 0.5 0 4.57 0.46 36.55 3.66

Resource water 35,000 25 37 2 1 2 0.5 0 4.57 0.46 9.14 0.91

Cement truck Local water/chemical 54,000 25 37 2 4 8 0.5 0 5.55 0.56 44.43 4.44

Resource water 54,000 25 37 2 1 2 0.5 0 5.55 0.56 11.11 1.11

Sand truck Local water/chemical 85,000 25 37 20 4 80 0.5 0 6.81 0.68 544.93 54.49

Resource water 85,000 25 37 20 1 20 0.5 0 6.81 0.68 136.23 13.62

Frac pumper Local water/chemical 85,000 25 37 10 4 40 0.5 0 6.81 0.68 272.46 27.25

Resource water 85,000 25 37 10 1 10 0.5 0 6.81 0.68 68.12 6.81

Fracmaster delivery Local water/chemical 85,000 25 37 2 4 8 0.5 0 6.81 0.68 54.49 5.45

Resource water 85,000 25 37 2 1 2 0.5 0 6.81 0.68 13.62 1.36

Water tanker (100 bbl) Local water/chemical 54,000 25 37 100 4 400 0.5 0 5.55 0.56 2221.51 222.15

Resource water 54,000 25 37 100 1 100 0.5 0 5.55 0.56 555.38 55.54

Light duty gasoline truck Local water/chemical 3,000 35 37 30 4 120 0.5 0 1.51 0.15 181.51 18.15

Resource water 3,000 35 37 30 1 30 0.5 0 1.51 0.15 45.38 4.54

  Total Unpaved Road Traffic Emissions (lb/well pad) 4,338.85 433.89

1

2

3

4

5

6

Vehicle Road Dust During Completion

Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

9/3/2010
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CRVFO Alternative: All
Phase: Construction

Activity: Well Completion and Testing
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Casing hauler 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 3 5 15 0.35 0.47 0.00 0.06 0.02 56.22 0.00 0.00 0.00 0.00 0.00 0.00

Completion rig 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1 5 5 0.12 0.16 0.00 0.02 0.01 18.74 0.00 0.00 0.00 0.00 0.00 0.00

Logging truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 5 10 0.23 0.31 0.00 0.04 0.01 37.48 0.00 0.00 0.00 0.00 0.00 0.00

Cement truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 5 10 0.23 0.31 0.00 0.04 0.01 37.48 0.00 0.00 0.00 0.00 0.00 0.00

Sand truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 20 5 100 2.35 3.12 0.00 0.40 0.12 374.78 0.02 0.01 0.00 0.00 0.00 0.00

Frac pumper 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 10 5 50 1.17 1.56 0.00 0.20 0.06 187.39 0.01 0.00 0.00 0.00 0.00 0.00

Fracmaster delivery 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 5 10 0.23 0.31 0.00 0.04 0.01 37.48 0.00 0.00 0.00 0.00 0.00 0.00

Water truck (100 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 100 5 500 11.73 15.61 0.02 2.01 0.58 1873.90 0.09 0.04 0.01 0.01 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.00597 1.262 0.2256 230 0.019 0.0459 0.0487 0.02524 0.00371 0.0026 18 5 90 0.48 0.28 0.00 0.25 0.04 45.63 0.00 0.01 0.01 0.01 0.00 0.00

Light duty gasoline truck10 39.45 2.011 0.00702 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 12 5 60 5.22 0.27 0.00 0.29 0.00 43.65 0.02 0.01 0.00 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 22.12 22.39 0.03 3.36 0.86 2712.74 0.14 0.08 0.03 0.03 0.01 0.00

1

2

5

6

7

8

9

10

11

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Completion Vehicle Exhaust

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile 
Sources, American Petroleum Institute (2004).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average 
winter/summer concentrations.

Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average 
winter/summer concentrations.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.
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CRVFO Alternative: Alternative A
Phase: Construction

Activity: Completion/Testing Flaring
Emissions: Gas Flaring without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Total Volume of Gas Emitted1 1.00 MMscf
Total Volume of Gas Vented1 0.50 MMscf
Total Volume of Flared Gas1 0.50 MMscf
Average Heat Content 1,050 BTU/scf

Total Hours in which Gas is Vented or Flared 1 24 hrs 

Volume
Volume 

Units Pollutant
Emission 

Factor
Emission 

Factor Units Emission Factor Source
Total 

Emissions
Total 

Emissions Duration
Hourly 

Emissions
(lb/well) (ton/well) (hours) (lb/hr/well)

Venting - Natural Gas 2 0.50 MMscf VOC 3,346.05 lb/MMscf Extended Natural Gas Analysis1 1673.0 0.84 24 69.71
CO2 2,528.70 lb/MMscf Extended Natural Gas Analysis1

1264.4 0.63 24 52.68
CH4 32,450.74 lb/MMscf Extended Natural Gas Analysis1

16225.4 8.11 24 676.06
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1

0.0 0.00 24 0.00
HAP (total) 447.00 lb/MMscf Extended Natural Gas Analysis1 223.5 0.11 24 9.31
  Benzene 47.96 lb/MMscf Extended Natural Gas Analysis1 24.0 0.01 24 1.00
  Toluene 39.80 lb/MMscf Extended Natural Gas Analysis1 19.9 0.01 24 0.83
  Ethylbenzene 0.00 lb/MMscf Extended Natural Gas Analysis1 0.0 0.00 24 0.00
  Xylenes 26.55 lb/MMscf Extended Natural Gas Analysis1 13.3 0.01 24 0.55
  Hexane 332.68 lb/MMscf Extended Natural Gas Analysis1 166.3 0.08 24 6.93

Flaring - Natural Gas 0.50 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 50.0 0.03 24 2.08
CO 84.00 lb/MMscf AP-42 Section 1.4 42.0 0.02 24 1.75
PM10 7.60 lb/MMscf AP-42 Section 1.4 3.8 0.00 24 0.16
VOC 5.50 lb/MMscf AP-42 Section 1.4 2.8 0.00 24 0.11
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 60000.0 30.00 24 2500.00
CH4 2.30 lb/MMscf AP-42 Section 1.4 1.2 0.00 24 0.05
N2O 2.20 lb/MMscf AP-42 Section 1.4 1.1 0.00 24 0.05
HAP (total) 22.35 lb/MMscf Assume 95% Reduction3 11.2 0.01 24 0.47
  Benzene 2.40 lb/MMscf Assume 95% Reduction3 1.2 0.00 24 0.05
  Toluene 1.99 lb/MMscf Assume 95% Reduction3 1.0 0.00 24 0.04
  Ethylbenzene 0.00 lb/MMscf Assume 95% Reduction3 0.0 0.00 24 0.00
  Xylenes 1.33 lb/MMscf Assume 95% Reduction3 0.7 0.00 24 0.03
  Hexane 16.63 lb/MMscf Assume 95% Reduction3 8.3 0.00 24 0.35

8 bbl VOC 10.00 lb VOC/bbl 80.0 0.04000 24 3.33

1

2

3

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).
For VOC and HAP emission factors that used the constituent analysis, a 95% destruction rate was assumed. 

Completion Venting and Flaring

Evaporation from condensate/water to waste pit 
(for wells not using green completion)

Tests conducted by Williams E&P 
for CDPHE

For Alternative A, 50% of well completions will use venting and 50% will use flaring.  For simplicity, single-well emissions are shown with 
both venting and flaring.

Alternatives B, C, and D will use green completion techniques for 98% of all wells.  Green completion has negligible emissions. Other 2% 
wells emissions reflect same venting / flaring ratio as Alternative A.
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CRVFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Workover Rig Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Percentage of Producing Wells 1.00%

Pollutant

Pollutant 
Emission 
Factor1

Total 
Horsepower 
All Engines2

Overall Load 
Factor3

Drilling Activity 
Duration

Drilling Activity 
Duration

Emissions 
Allocated Across 

All Producing Wells

Emissions 
Allocated Across 

All Producing Wells
(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 475 0.40 2 24 0.5228 0.0109
NOx 0.3000 475 0.40 2 24 0.0603 0.0013
SO2

4 0.0278 475 0.40 2 24 0.0056 0.0001
VOC 0.1400 475 0.40 2 24 0.0281 0.0006
PM10

5 0.01500 475 0.40 2 24 0.0030 0.0001
(lb/hp-hr)

CO2
6 1.15000 475 0.40 2 24 104.8800 2.1850

CH4
7 5.53E-05 475 0.40 2 24 0.0050 0.0001

N2O
8 1.24E-05 475 0.40 2 24 0.0011 0.0000

Formaldehyde9 8.26E-06 475 0.40 2 24 0.0008 0.0000
Benzene9 6.53E-06 475 0.40 2 24 0.0006 0.0000
Toluene9 2.86E-06 475 0.40 2 24 0.0003 0.0000
Xylene9 2.00E-06 475 0.40 2 24 0.0002 0.0000

1

2

3

4

5

6

7

8

9
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled
Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of 
GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of 
GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial
Engines"; lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial
Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel.

Workover Rig Emissions - Tier 4b

Emission factors for Tier 4 (2014) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 
38980, June 29, 2004) for engines less than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 3, "Tier 4 
Emission Standards—Engines Up To 560 kW, g/kWh (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on one 475 hp engine, fueled with ultra low sulfur diesel fuel (15 ppm).

Only 1% of producing wells are expected to be worked over in any single year.
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CRVFO Alternative: All
Phase: Production

Activity: Recompletion, Flaring
Emissions: Recompletion without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Total Volume of Gas Emitted per recompleted well1 0.10 MMscf
Total Volume of Gas Vented 0.05 MMscf
Total Volume of Flared Gas 0.05 MMscf
Average Heat Content 1,050 BTU/scf

Percentage of Operating Wells Recompleted in Year 1.00%
Total Hours in which Gas is Vented or Flared1 24 hrs 

Volume
Volume 

Units Pollutant
Emission 

Factor

Emission 
Factor 
Units Emission Factor Source

Total 
Emissions

Total 
Emissions Duration

Hourly 
Emissions

(lb/well/yr)4 (ton/well)4 (hours) (lb/hr/well)4

Venting - Natural Gas 2 0.05 MMscf VOC 3,346.05 lb/MMscf Extended Natural Gas Analysis1 1.673 0.001 24 1.673
CO2 2,528.70 lb/MMscf Extended Natural Gas Analysis1

1.264 0.001 24 1.264
CH4 32,450.74 lb/MMscf Extended Natural Gas Analysis1

16.225 0.008 24 16.225
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1

0.000 0.000 24 0.000
HAP (total) 447.00 lb/MMscf Extended Natural Gas Analysis1 0.223 0.000 24 0.223
  Benzene 47.96 lb/MMscf Extended Natural Gas Analysis1 0.024 0.000 24 0.024
  Toluene 39.80 lb/MMscf Extended Natural Gas Analysis1 0.020 0.000 24 0.020
 Ethylbenzen 0.00 lb/MMscf Extended Natural Gas Analysis1 0.000 0.000 24 0.000
  Xylenes 26.55 lb/MMscf Extended Natural Gas Analysis1 0.013 0.000 24 0.013
  Hexane 332.68 lb/MMscf Extended Natural Gas Analysis1 0.166 0.000 24 0.166

Flaring - Natural Gas 0.05 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 0.050 0.000 24 0.002
CO 84.00 lb/MMscf AP-42 Section 1.4 0.042 0.000 24 0.002
PM10 7.60 lb/MMscf AP-42 Section 1.4 0.004 0.000 24 0.000
VOC 5.50 lb/MMscf AP-42 Section 1.4 0.003 0.000 24 0.000
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 60.000 0.030 24 2.500
CH4 2.30 lb/MMscf AP-42 Section 1.4 0.001 0.000 24 0.000
N2O 2.20 lb/MMscf AP-42 Section 1.4 0.001 0.000 44 0.000
HAP (total) 22.35 lb/MMscf Assume 95% Reduction3 0.011 0.000 24 0.000
  Benzene 2.40 lb/MMscf Assume 95% Reduction3 0.001 0.000 24 0.000
  Toluene 1.99 lb/MMscf Assume 95% Reduction3 0.001 0.000 24 0.000
 Ethylbenzen 0.00 lb/MMscf Assume 95% Reduction3 0.000 0.000 24 0.000
  Xylenes 1.33 lb/MMscf Assume 95% Reduction3 0.001 0.000 24 0.000
  Hexane 16.63 lb/MMscf Assume 95% Reduction3 0.008 0.000 24 0.000

3 bbl VOC 0.07 lb VOC/bbl 0.002 0.00000 24 0.0001

1

2

3

4

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).
For VOC and HAP emission factors that used the constituent analysis, a 95% destruction rate was assumed. 
Per-well totals provide emissions for each operating well based on allocation of emissions from the 1 percent of wells that are recompleted. 

Recompletion Venting and Flaring

Evaporation from condensate/water to waste pit Tests conducted by Williams E&P 
for CDPHE

During recompletion, 50% of well recompletions will use venting and 50% will use flaring.  For simplicity, single-well emissions are 
shown with both venting and flaring.

Only 1% of operating wells are expected to be recompleted in any single year.

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix A

A-23



CRVFO Alternative: All

Phase: Production

Activity: Truck Loading Fugitives

Emissions: Truck Loading Fugitives Emissions

Date: 9/3/2010

# of barrels of 
condensate 

produced per 
natural gas 

volume 
(bbl/MMscf)1

Average gas 
production per 
well (MMscfd/ 

well)
Days per year 

(days/yr)
Gallons/barrel 

(gal/bbl)

Percentage of well pad 
condensate transported 
by truck out of field (%)

S : Saturation 
factor shown in 

AP-42 -- 
submerged 

loading: 
dedicated 

normal service

V : True vapor 
pressure of 

liquid loaded 
(psia)

M : Molecular 
weight of the 
vapor (lb/lb-

mole) 1

T : Temperature 
of the bulk liquid 

(Rankine)

Control 
efficency (%, 

vapor 
balancing)

General Information 3 0.1000 365 42 100 0.6 6 33.48 518.67 98

VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane
51.725 6.755 22.645 0.000 9.161 0.856 1.375 0.015 0.411 6.505

Equipment Total Mass 3 VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Truck Loading Condensate 0.27 0.14 0.02 0.06 0.00 0.02 0.00 0.00 0.00 0.00 0.02

Equipment Total Mass VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Truck Loading Condensate 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Total 0.00003 0.00002 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

1

2

5 Determined using EPA -- AP-42. Section 5.2, equation 1, (L = 12.46 * S * V * M / T), where L = lb emissions/1,000 gal loaded.

Truck Loading Fugitves

Pollutant Emissions
lb/well/yr

Based on data collected from oil and gas operators in the Piceance Basin (August, 2009) -- Extended Natural Gas and Light Liquid (LL) Analysis.
Based on E&P Tanks run using a separator operating at 85F and 23 psig.

Pollutant Emissions

Condensate Tank Vapor Composition (wt%) 2

Input Values for Calculations

(lb/well/hr)
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CRVFO Alternative: All
Phase: Production

Activity: Well blowdowns
Emissions: Gas Flaring without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Average Number of blowdowns per well per year 3.0
Average volume of gas emitted per well blowdown1 0.00075 MMscf
Total Volume of Gas Vented (100 percent) 0.00225 MMscf
Total Volume of Flared Gas (0 percent) 0.00 MMscf

Actual Hours Gas is Vented 4 hrs

Volume
Volume 
Units Pollutant

Emission 
Factor

Emission 
Factor Units Emission Factor Source

Total 
Emissions

Total 
Emissions Duration

Hourly 
Emissions

(lb/well/yr) (ton/well) (hours) (lb/hr/well)
Venting - Natural Gas 2 0.00225 MMscf VOC 3,346.05 lb/MMscf Extended Natural Gas Analysis1 7.53 0.00 4 1.88

CO2 2,528.70 lb/MMscf Extended Natural Gas Analysis1 5.69 0.00 4 1.42
CH4 32,450.74 lb/MMscf Extended Natural Gas Analysis1 73.01 0.04 4 18.25
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1 0.00 0.00 4 0.00

HAP (total) 447.00 lb/MMscf Extended Natural Gas Analysis1 1.01 0.00 4 0.25
  Benzene 47.96 lb/MMscf Extended Natural Gas Analysis1 0.11 0.00 4 0.03
  Toluene 39.80 lb/MMscf Extended Natural Gas Analysis1 0.09 0.00 4 0.02
  Ethylbenzene 0.00 lb/MMscf Extended Natural Gas Analysis1 0.00 0.00 4 0.00
  Xylenes 26.55 lb/MMscf Extended Natural Gas Analysis1 0.06 0.00 4 0.01
  Hexane 332.68 lb/MMscf Extended Natural Gas Analysis1 0.75 0.00 4 0.19

Flaring - Natural Gas 0.00000 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
CO 84.00 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
PM10 7.60 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
VOC 5.50 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
CH4 2.30 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
N2O

6 2.20 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00

HAP (total) 8.94 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Benzene 0.96 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Toluene 0.80 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Ethylbenzene 0.00 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Xylenes 0.53 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Hexane 6.65 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00

1

2 Based on extended gas analysis for typical GSFO gas (see gas analysis worksheet).

Well Blowdowns

Based on data collected from oil and gas operators in the GSFO (August, 2009).
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CRVFO Alternative: All
Phase: Production

Activity: Area Source Fugitives
Emissions: Area Source Fugitives Emissions

Date: 9/3/2010

Pump Seals Compressor Seals Relief Valves Connectors Open-Ended Lines
g

Connections

Equipment Type

# of valves in 
gas service per 

well
# of valves in LL 
service per well

# of pump seals in 
LL service per well

# of compressor 
seals in gas 

service per well

# of relief valves 
in gas service per 

well
# of connectors 

per well
# of open-ended 

lines per well

# of sampling 
connections per 

well
Count at compressor stations 1 81 15 2 6 8 115 10 6

Count at consolidated facilities 1 0 6 0 0 0 50 0 2
Count at well pads 1 80 3 2 0 15 160 0 10

Counts per well for all compressor stations 0.0589 0.0109 0.0015 0.0044 0.0058 0.0836 0.0073 0.0044
Counts per well at consolidated facilities 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Counts per well at well pads 10.0000 0.3750 0.2500 0.0000 1.8750 20.0000 0.0000 1.2500

Equipment Type VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Gas Service Valves 0.00450 0.0099 7.82E-04 5.91E-04 7.58E-03 0.00E+00 1.04E-04 1.12E-05 9.30E-06 0.00E+00 6.20E-06 7.77E-05
Light Liquid Valves 0.00250 0.0055 4.49E-03 9.26E-06 3.19E-05 0.00E+00 1.48E-03 7.82E-05 4.32E-04 1.37E-05 4.36E-04 5.16E-04

Light Liquid Pump Seals 0.01300 0.0287 2.34E-02 4.81E-05 1.66E-04 0.00E+00 7.68E-03 4.06E-04 2.25E-03 7.14E-05 2.27E-03 2.68E-03
Gas Service Compressor Seals 0.00880 0.0194 1.53E-03 1.16E-03 1.48E-02 0.00E+00 2.04E-04 2.19E-05 1.82E-05 0.00E+00 1.21E-05 1.52E-04

Gas Service Relief Valves 0.00880 0.0194 1.53E-03 1.16E-03 1.48E-02 0.00E+00 2.04E-04 2.19E-05 1.82E-05 0.00E+00 1.21E-05 1.52E-04
Connectors 0.00020 0.0004 3.47E-05 2.63E-05 3.37E-04 0.00E+00 4.64E-06 4.98E-07 4.13E-07 0.00E+00 2.76E-07 3.45E-06

Open-Ended Lines 0.00200 0.0044 3.47E-04 2.63E-04 3.37E-03 0.00E+00 4.64E-05 4.98E-06 4.13E-06 0.00E+00 2.76E-06 3.45E-05
Sampling Connections 0.00880 0.0194 1.53E-03 1.16E-03 1.48E-02 0.00E+00 2.04E-04 2.19E-05 1.82E-05 0.00E+00 1.21E-05 1.52E-04

Equipment Type VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Gas Service Valves 7.82E-03 5.91E-03 7.58E-02 0.00E+00 1.04E-03 1.12E-04 9.30E-05 0.00E+00 6.20E-05 7.77E-04
Light Liquid Valves 1.68E-03 3.47E-06 1.20E-05 0.00E+00 5.54E-04 2.93E-05 1.62E-04 5.15E-06 1.64E-04 1.94E-04

Light Liquid Pump Seals 5.84E-03 1.20E-05 4.15E-05 0.00E+00 1.92E-03 1.02E-04 5.62E-04 1.78E-05 5.67E-04 6.71E-04
Gas Service Compressor Seals 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Gas Service Relief Valves 2.87E-03 2.17E-03 2.78E-02 0.00E+00 3.83E-04 4.11E-05 3.41E-05 0.00E+00 2.27E-05 2.85E-04
Gas Service Connectors 6.95E-04 5.25E-04 6.74E-03 0.00E+00 9.28E-05 9.96E-06 8.27E-06 0.00E+00 5.51E-06 6.91E-05

Gas Service Open-Ended Lines 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Gas Service Sampling Connections 1.91E-03 1.44E-03 1.85E-02 0.00E+00 2.55E-04 2.74E-05 2.27E-05 0.00E+00 1.52E-05 1.90E-04

Consolidated Facilties and Well Pads Total 2.08E-02 1.01E-02 1.29E-01 0.00E+00 4.25E-03 3.21E-04 8.82E-04 2.30E-05 8.36E-04 2.19E-03
Compressor Stations Total 1.57E-04 5.59E-05 7.15E-04 0.00E+00 3.71E-05 2.50E-06 8.85E-06 2.53E-07 8.64E-06 1.69E-05

All Sources Totals (lbs/well/yr) 1.84E+02 8.86E+01 1.14E+03 0.00E+00 3.75E+01 2.84E+00 7.80E+00 2.04E-01 7.40E+00 1.93E+01

1

2 "EPA Protocol for Equipment Leak Emission Estimates" -- Table 2-4.  Oil and Gas Production Operations Average Emission Factors.

(lb/well/hr)

Equipment Leaks

Based on data collected from oil and gas operators in the GSFO (August, 2009) -- Extended Natural Gas and Light Liquid (LL) Analysis.

Oil and Gas 
Emission Factor 

(kg TOC/hr/ 
source) 2

Input Values for Calculations
Valves

Oil and Gas 
Emission Factor 

(lb TOC/hr/ 
source)

Pollutant Emission Factor1

(lb/hr/source)

Pollutant Emissions
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CRVFO Alternative: All

Phase: Production

Activity: Production Phase Pneumatic Pumps

Emissions: Pneumative Pumps Emissions

Date: 9/3/2010

Pneumatic Pumps
Gas Quantity 
(MMscf/yr) 1

Amount of gas vented per pump per year at gas plants 0
Amount of gas vented per pump per year at compressor stations 0
Amount of gas vented per pump per year at consolidated facilities 0
Amount of gas vented per pump per year per well 0.000017

Pneumatic Pumps VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic pumps at gas plants 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68
Pneumatic pumps at compressor stations 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68
Pneumatic pumps at consolidated facilities 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic pumps at well pads 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic Pumps VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic pumps at gas plants 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pneumatic pumps at compressor stations 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pneumatic pumps at consolidated facilities 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pneumatic pumps at well pads 5.69E-02 4.30E-02 5.52E-01 0.00E+00 7.60E-03 8.15E-04 6.77E-04 0.00E+00 4.51E-04 5.66E-03
Total 0.06 0.04 0.55 0.00 0.01 0.00 0.00 0.00 0.00 0.01

1
Based on data collected from oil and gas operators in the GSFO (August, 2009) -- Extended Natural Gas Analysis.

Pollutant Emissions
(lb/well/yr)

Pneumatic Pumps

Pollutant Emission Factor1

Pneumatic Pumps Input Values for Calculations

(lb/MMscf)
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CRVFO Alternative: All

Phase: Production

Activity: Production Well Pneumatic Devices

Emissions: Pneumative Device Emissions

Date: 9/3/2010

Pneumatic Devices

   Bleed

(# of 
devices per 

well)

    Bleed 
rate (MMscf/ 

hr/device)

No bleed (# 
of devices 
per well)

Control 
Percent for   
    Bleed

   Bleed 
(# of 

devices per 
well)

Bleed

     rate 
(MMscf/ 

hr/device)

No bleed 
(# of 

devices 
per well)

Control 
Percent for 
    Bleed

   Bleed 
(# of 

devices 
per well)

 
Bleed rate 
(MMscf/ 

hr/device)

No bleed 
(# of 

devices 
per well)

Control 
Percent for 
   Bleed

Pneumatic devices at well pad (per well)1 2 0.000006 0 0 1 0.000006 0 0 2 0.000006 0 0
Pneumatic devices at consolidated field facilities1 0 0 0 0 0 0 0 0 0 0 0 0

Pneumatic devices at compressor stations1 0 0 0 0 0 0 0 0 0 0 0 0

Pollutant Emission Factor2

Pneumatic Devices VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic devices at well pad 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68
Pneumatic devices at consolidated field facilities 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic devices at compressor stations 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic Devices VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic devices at well pad 0.10 0.08 0.97 0.00 0.01 0.00 0.00 0.00 0.00 0.01
Pneumatic devices at consolidated field facilities 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pneumatic devices at compressor stations 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.10 0.08 0.97 0.00 0.01 0.00 0.00 0.00 0.00 0.01

1 Survey data (August, 2009) from oil and gas operators provide the number of devices.  Instrument air will be used for devices at consolidated facilities and compressor stations.
2 Based on data collected from oil and gas operators in the GSFO (August, 2009) -- Extended Natural Gas Analysis.

Pneumatic Devices (Includes liquid level controllers, pressure regulators, and valve controllers.)

Pollutant Emissions
(lb/well/hr)

(lb/MMscf)

Liquid Level controllers Pressure Regulators Valve Controllers
Pneumatic Devices Input Values for Calculations

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix A

A-28



CRVFO Alternative: All
Phase: Production

Activity: Analysis
Date:

Component
Molecular 

Weight 
Weight 
Percent

Carbon 
Content 
for TOC

Contribu-
tion to 
TOC 

Carbon 
Content

(lb/lb-mol) (wt%) (lb C/lb) (lb C/lb TOC)

Methane 16.040 0.579 0.749 0.434
Ethane 30.070 0.458 0.799 0.366
Nitrogen 28.020 0.007 --- ---
Carbon Dioxide 43.990 0.168 --- ---
Nitrous Oxide 44.020 0.000 --- ---
Hydrogen Sulfide 34.060 0.000 --- ---
Non-reactive, non-HAP --- 1.212 ---
Propane 44.100 0.771 0.817 0.630
Iso-butane 58.120 0.688 0.827 0.569
n-butane 58.120 0.906 0.827 0.749
i-pentane 72.150 1.515 0.832 1.261
n-pentane 72.150 1.502 0.499 0.750
Hexanes 100.210 9.368 0.719 6.736
Heptanes 100.200 19.328 0.839 16.217
Octanes 114.230 17.614 0.841 14.815
Nonanes 128.258 13.309 0.843 11.216
Decanes+ 142.29 16.491 0.844 13.919
Reactive VOC --- 81.492 66.862
Benzene 78.110 1.418 0.923 1.308
Ethylbenzene 106.160 0.249 0.905 0.225
n-Hexane --- 9.368 --- ---
Toluene 92.130 7.837 0.913 7.151
Xylenes 106.160 7.912 0.905 7.161
HAPs --- 26.784 15.846

Totals --- 100.120 83.507 3

1

2

3 The carbon contribution to hydrocarbons in the liquid mixture is used to calculate CO2 emissions from the model gas 
plant thermal oxidizer and flare.

9/3/2010

n-Hexane is a VOC and a HAP.  To be conservative, all non-speciated hexanes are assumed to be HAPs.

Condensate Analysis

Extended condensate analysis of typical Piceance Basin condensate.
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CRVFO Alternative: All
Phase: Production

Activity: Wind Erosion
Emissions: Fugitive Particulate Emissions

from Wind Blown Dust at Well Pads
Date: 9/3/2010

Well Pad and 
Resource Road 

Area 1
Silt 

Content2

Days with Wind 
Speed Greater 
Than 5.4 m/s 3

Total Suspended 
Particulate4

Time Before 
Interim 

Reclamation 
Complete 5

Total 
Suspended 
Particulate 

Emission 
Control 

Efficiency6
PM10 Emissions 
(uncontrolled)7

PM2.5 Emissions 
(uncontrolled)8

Wells per 
Well Pad

PM10 Emissions 
(uncontrolled)3

PM2.5 

Emissions 
(uncontrolled)4

(acre) (%) (%) (lb/acre/month) (months) (lb/well pad) (%) (lb/well pad) (lb/well pad) (lb/well) (lb/well)

6.6 37 27.4 118.972 24.0 18,702.35 0 4,675.59 467.56 8 584.45 58.44

1

2

3

4
AP-42 (EPA 2004), Section 13.2.2 "Unpaved Roads", Background Document. 

5

6

7

8

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.

Interim reclamation is expected to be complete within two years.  Emissions for two years are calculated and attributed to each constructed well pad for one year, since emissions from pads 
constructed during the previous year would be occurring simultaneously.

Wind Erosion at Producing Well Pads

Total disturbance area per well pad is estimated to be 2.5 acres for the well pad, 0.25 acre for a portion of compressor station and central treating facility (CTF), 2.8 acres for resource road and 
portion of local road area, and 1 acres for a portion of pipeline disturbance.
Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).

"Control of Fugitive Dust Sources" EPA-450/3-98-008 (EPA 1998).  TSP (lb/acre/month) = 1.7 × (s/1.5) × ([365-p]/235) × (f/15), where:
p = number of days with > 0.001 in precipitation (not used)
f = percent of time wind speed exceeds 5.4 (m/s) [equivalent to 12 mph] = 27.4% based on WRCC Ernie Gulch RAWS stations August 1, 1984 through March 1, 2008.

AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", Background Document. Assuming that PM10 accounts for 25% of TSP. Daily and hourly emissions based on 30.4-day month.
Assuming that PM2.5 accounts for 10% of PM10 based on "Analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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CRVFO Alternative: All
Phase: Both

Activity: Gas Analysis
Date: 9/3/2010

Gas Component
Volumetric 

Concentration1 
Molecular 

Weight Gas Weight 
Weight 
Percent Weight2

Carbon 
Content for 

TOC

Contribu-
tion to TOC 

Carbon 
Content

(vol%) (lb/lb-mol) (lb/lb-mol) (wt%) (lb/MMscf) (lb C/lb) (lb C/lb TOC)

Methane 88.972 16.040 14.271 76.427 32,450.7 0.749 57.225
Ethane 5.792 30.070 1.742 9.327 3,960.3 0.799 7.451
Nitrogen 0.094 28.020 0.026 0.141 59.9 --- ---
Carbon Dioxide 2.528 43.990 1.112 5.955 2,528.7 --- ---
Nitrous Oxide 0.000 44.020 0.000 0.000 0.0 --- ---
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.0 --- ---
Non-reactive, non-HAP 97.386 --- 17.151 91.850 38,999.6 --- 64.675
Propane 1.365 44.100 0.602 3.224 1,368.8 0.817 2.634
Iso-butane 0.370 58.120 0.215 1.152 489.0 0.827 0.952
n-butane 0.261 58.120 0.152 0.812 344.9 0.827 0.671
i-pentane 0.155 72.150 0.112 0.599 254.3 0.832 0.498
n-pentane 0.102 72.150 0.074 0.394 167.3 0.499 0.197
Hexanes 0.146 100.210 0.146 0.784 332.7 0.719 0.563
Heptanes 0.093 100.200 0.093 0.499 211.9 0.839 0.419
Octanes 0.044 114.230 0.050 0.269 114.3 0.841 0.226
Nonanes 0.016 128.258 0.021 0.110 46.7 0.843 0.093
Decanes+ 0.005 142.29 0.007 0.038 16.2 0.844 0.032
Reactive VOC 2.557 --- 1.472 7.880 3,346.0 6.286
Benzene 0.027 78.110 0.021 0.113 48.0 0.923 0.104
Ethylbenzene 0.000 106.160 0.000 0.000 0.0 0.905 0.000
n-Hexane 3 0.146 100.210 0.146 0.784 332.7 --- ---
Toluene 0.019 92.130 0.018 0.094 39.8 0.913 0.086
Xylenes 0.011 106.160 0.012 0.063 26.6 0.905 0.057
HAPs 0.203 --- 0.197 1.053 447.0 0.246

Totals 100.000 --- 18.673 100.000 42,460.0 --- 71.207 4

1

2

3

4 The carbon contribution to hydrocarbons in the gas mixture is used to calculate CO 2 emissions from the model gas plant thermal oxidizer and flare.
n-Hexane is a VOC and a HAP.  To be conservative, all non-speciated hexanes are assumed to be HAPs.
Gas density is 0.04246 lb/scf (19.26 g/scf).

Natural Gas Extended Gas Analysis

Extended gas analysis of typical GSFO natural gas, provided by oil and gas operators (August, 2009).
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CRVFO Alternative: All
Phase: Production

Activity: Production Traffic
Emissions: Fugitive Particulate From Production 

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance8

Vehicle 
Miles 

Traveled 
(VMT)

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)
(lb) (mph) (%) (RT/pad) (miles) (VMT/pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Alternative A ( 60% Facilities Consolidated )7

Water truck (130 bbl) Local water/chemical 85,000 25 37 1123 4 4492 0.5 0 6.81 0.68 30597.78 3059.78
(process water) Resource water 85,000 25 37 1123 0.4 449.2 0.5 0 6.81 0.68 3059.78 305.98

Condensate tanker (200 bbl) Local water/chemical 75,000 25 37 7.3 4 29.2 0.5 0 6.44 0.64 188.01 18.80
Resource water 75,000 25 37 7.3 0.4 2.92 0.5 0 6.44 0.64 18.80 1.88

Light duty vehicles Local water/chemical 3,000 35 37 365 0.264 96.36 0.5 0 1.51 0.15 145.75 14.58
Resource water 3,000 35 37 52 1 52 0.5 0 1.51 0.15 78.65 7.87

 Total Unpaved Road Traffic Emissions (lb/well pad) 34,088.77 3,408.88
Alternative B and C ( 90% Facilities Consolidated )7

Water truck (130 bbl) Local water/chemical 85,000 25 37 1123 4 4492 0.5 0 6.81 0.68 30597.78 3059.78
(process water) Resource water 85,000 25 37 1123 0.1 112.3 0.5 0 6.81 0.68 764.94 76.49

Condensate tanker (200 bbl) Local water/chemical 75,000 25 37 7.3 4 29.2 0.5 0 6.44 0.64 188.01 18.80
Resource water 75,000 25 37 7.3 0.1 0.73 0.5 0 6.44 0.64 4.70 0.47

Light duty vehicles Local water/chemical 3,000 35 37 365 0.264 96.36 0.5 0 1.51 0.15 145.75 14.58
Resource water 3,000 35 37 52 1 52 0.5 0 1.51 0.15 78.65 7.87

 Total Unpaved Road Traffic Emissions (lb/well pad) 31,779.83 3,177.98
Alternative D ( 80% Facilities Consolidated )7

Water truck (130 bbl) Local water/chemical 85,000 25 37 1123 4 4492 0.5 0 6.81 0.68 30597.78 3059.78
(process water) Resource water 85,000 25 37 1123 0.2 224.6 0.5 0 6.81 0.68 1529.89 152.99

Condensate tanker (200 bbl) Local water/chemical 75,000 25 37 7.3 4 29.2 0.5 0 6.44 0.64 188.01 18.80
Resource water 75,000 25 37 7.3 0.2 1.46 0.5 0 6.44 0.64 9.40 0.94

Light duty vehicles Local water/chemical 3,000 35 37 365 0.264 96.36 0.5 0 1.51 0.15 145.75 14.58
Resource water 3,000 35 37 52 1 52 0.5 0 1.51 0.15 78.65 7.87

 Total Unpaved Road Traffic Emissions (lb/well pad) 32,549.48 3,254.95

1

2

3

4

5

6

7

8

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Field wide operations consolidation percentages determined and provided by WRFO personnel (September 2009).
Original resource road distances scaled to reflect consolidation.

Vehicle Road Dust Associated With Producing Well Pads

Silt content was determined by soil testing of samples collected by GSFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
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CRVFO Alternative: All
Phase: Production

Activity: Production Vehicle Traffic Exhaust
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance13

Vehicle 
Miles 

Traveled 
(VMT)

(RT/pad) (miles) (mi)
CO1 NOx

1 SO2
2 VOC1 PM10

1 CO2
5 CH4

6 N2O
11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2

8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene
Alternative A ( 60% Facilities Consolidated )12

Water truck (130 bbl, process) 10.64 14.16 0.01504 1.824 0.529 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1123 4.4 4941.2 115.92 154.25 0.16 19.87 5.76 18518.61 0.88 0.42 0.12 0.09 0.04 0.03

Condensate tanker (200 bbl) 10.64 14.16 0.01504 1.824 0.529 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 7.3 4.4 32.12 0.75 1.00 0.00 0.13 0.04 120.38 0.01 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.00597 1.262 0.226 230 0.019 0.0459 0.0487 0.02524 0.00371 0.0026 219 0.774 169.506 0.91 0.52 --- 0.47 0.08 85.95 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10
39.45 2.011 0.00702 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 146 0.774 113.004 9.83 0.50 --- 0.55 0.01 82.21 0.03 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 127.40 156.27 0.16 21.02 5.89 18807.15 0.92 0.45 0.14 0.12 0.04 0.03
Alternative B and C ( 90% Facilities Consolidated )12

Water truck (130 bbl, process) 10.64 14.16 0.01504 1.824 0.529 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1123 4.1 4604.3 108.01 143.73 0.15 18.51 5.37 17255.97 0.82 0.39 0.11 0.09 0.04 0.03

Condensate tanker (200 bbl) 10.64 14.16 0.01504 1.824 0.529 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 7.3 4.1 29.93 0.70 0.93 0.00 0.12 0.03 112.17 0.01 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.00597 1.262 0.226 230 0.019 0.0459 0.0487 0.02524 0.00371 0.0026 219 0.774 169.506 0.91 0.52 --- 0.47 0.08 85.95 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10
39.45 2.011 0.00702 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 146 0.774 113.004 9.83 0.50 --- 0.55 0.01 82.21 0.03 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 119.45 145.69 0.15 19.66 5.49 17536.31 0.86 0.43 0.14 0.11 0.04 0.03
Alternative D ( 80% Facilities Consolidated )12

(g/mi) (lb/well pad)
Pollutant Emissions

9/3/2010

Vehicle Exhaust Associated With Producing Well Pads

Alternative D ( 80% Facilities Consolidated )12

Water truck (130 bbl, process) 10.64 14.16 0.01504 1.824 0.529 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1123 4.2 4716.6 110.65 147.24 0.16 18.97 5.50 17676.85 0.84 0.40 0.11 0.09 0.04 0.03

Condensate tanker (200 bbl) 10.64 14.16 0.01504 1.824 0.529 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 7.3 4.2 30.66 0.72 0.96 0.00 0.12 0.04 114.91 0.01 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.00597 1.262 0.226 230 0.019 0.0459 0.0487 0.02524 0.00371 0.0026 219 0.774 169.506 0.91 0.52 --- 0.47 0.08 85.95 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10
39.45 2.011 0.00702 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 146 0.774 113.004 9.83 0.50 --- 0.55 0.01 82.21 0.03 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 122.10 149.22 0.16 20.11 5.62 17959.92 0.88 0.44 0.14 0.11 0.04 0.03

1

2

5

6

7

8

9

10

11

12

13

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of 
Mobile Sources, American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types 
of Mobile Sources, American Petroleum Institute (2004).

Sum of original local and resource road distances scaled to reflect consolidation.

Field wide operations consolidation percentages determined and provided by GSFO personnel (September 2009).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, 
with average winter/summer concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, 
with average winter/summer concentrations.
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CRVFO Alternative: All
Phase: Production

Activity: Well Pad Heating
Emissions: Combustion Emissions from 

Natural Gas Fired Heater
Date: 9/3/2010

Fuel Combustion Source:
Heater Fuel Input1 1.5 MMBtu/hr

Operating Parameters:
Operated 24 hr/day, 7 days/week
Operating hours 2,190 hr/yr
Capacity (%) 100 (while operating)
Seasonal Usage (%)   Winter 12.5   Spring 6.25

Summer 0   Fall 6.25

Potential Fuel Combustion for the Year for Unit:
Volume of Natural Gas Combusted 3.13 MMscf/yr
Heat Content 1050 Btu/scf

(lb/MMscf) (lb/well pad per year) (lb/well)
CO 84.0 262.80 8 32.85
NOx 100.0 312.86 8 39.11
PM10 7.6 23.78 8 2.97
PM2.5 7.6 23.78 8 2.97
SO2 --- --- 8 ---
VOC 5.5 17.21 8 2.15
CO2 120,000.0 375428.57 8 46928.57
CH4 2.3 7.20 8 0.90
N2O

2 2.2 6.88 8 0.86
Formaldehyde 0.0750 0.23 8 0.03

Benzene 0.0021 0.01 8 0.00
Ethylbenzene --- --- 8 ---

Toluene 0.0034 0.01 8 0.00
Xylene --- --- 8 ---

1

2
Assumes four 0.25-MMBtu natural gas fired heaters per well pad.

EPA AP-42, Volume I, Fifth Edition - August 2000, Tables 1.4-1, 1.4-2, and 1.4-3, Uncontrolled Emission Factors for Natural Gas 
Combustion.

Emission Factor2 Emissions Wells per Pad Emissions per Well

Well Pad Heaters

Pollutant
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CRVFO Alternative: 2 A (uncontrolled vent emissions)
B, C, and D (controlled vent emissions)

Phase: Production
Activity: Compressor Station Glycol Dehydrator

Emissions: Emissions From Ethylene Glycol Dehydrator
Date: 9/3/2010

Ethylene Glycol Dehydrator
Throughput at Example Facility 70.00 MMscfd

100.00%
Average Gas Production Per Well 0.100 MMscfd
Number of Wells Served 700.00

Flash Tank and Condenser Parameters:
Operating Parameters: Flash Tank Temperature 140 ° F

Operating Hours 8760 hr/yr Flash Tank Pressure 70 psig
Vent Control Efficiency (%) 90 (Alternatives B, C, and D) Condenser Temperature 90 ° F

Wet Gas Temperature 85 ° F Condenser Pressure 10 psig
Wet Gas Pressure 900 psig

Wet Gas Water Content Saturated Reboiler Fuel Combustion:
Dry Gas Water Content 5 lb water/MMscf Reboiler Fuel Input 1.00 MMBtu/hr

Glycol Type DEG Volume of Natural Gas Combusted 8.34 MMscf/yr
Glycol Circulation Rate 15.0 gal/minute Heat Content 1050 Btu/scf

Uncontrolled 
Emissions3

Uncontrolled 
Emissions2

Controlled 
Emissions2

Uncontrolled 
Emissions2

Controlled 
Emissions2

(ton/yr) (lb/yr) (lb/yr) (lb/well/yr) (lb/well/yr) (lb/MMscf) (lb/yr) (lb/well/yr)
VOC 64.1267 128,253.40 12,825.34 183.22 18.32 CO 84.0 700.80 1.001

Benzene 11.6838 23,367.60 2,336.76 33.38 3.34 NOx 100.0 834.29 1.192
Toluene 6.9168 13,833.60 1,383.36 19.76 1.98 PM10 7.6 63.41 0.091

Ethylbenzene 0.0000 0.00 0.00 0.00 0.00 PM2.5 7.6 63.41 0.091
Xylene 2.1314 4,262.80 426.28 6.09 0.61 SO2 --- --- ---
Hexane 5.9587 11,917.40 1,191.74 17.02 1.70 VOC 5.5 45.89 0.066

CO2 8.0485 16,097.02 1,609.70 23.00 2.30 CO2 120,000.0 1,001,142.86 1,430.204
CH4 103.2862 206,572.40 20,657.24 295.10 29.51 CH4 2.3 19.19 0.027
N2O 0.0000 0.00 0.00 0.00 0.00 N2O

2 2.2 18.35 0.026
Formaldehyde 0.0750 0.63 0.001

Benzene 0.0021 0.02 0.000
Ethylbenzene --- --- ---

Toluene 0.0034 0.03 0.000
Xylene --- --- ---

1

2

3

Glycol Dehydrator Vent  and 
Flash Gas Emissions

Uncontrolled 
Emissions

In-field glycol dehydration may occur at compressor stations, consolidated facilities, or well pads.  To avoid double-counting, field glycol dehydration is assumed to occur at compressor 
stations.
Alternative A emissions include uncontrolled vent, flash gas, and reboiler emissions.  Alternative B, C, and D emissions include controlled vent and flash gas emissions, with uncontrolled 
reboiler emissions.

Compressor Station Dehydration 1

Emissions obtained from GRI GlyCalc 4.0 based on parameters provided by oil and gas operator.  Emissions include combined regenerator vent and flash gas emissions.

Uncontrolled 
Emissions per 

Well
Emission 
Factor9

Percentage of Gas Needing Dehydration Before Gas Plant

Reboiler 
Emissions

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix A

A-35



ALternatives: A, B, C, and D
Activity:

Emissions: Emissions from Condensate and 
Produced Water Tanks

Date: 9/3/2010

Tanks per Well Pad Capacity Produced Water Parameters per Well
(2) Condensate Tanks 300 bbl each Produced Water Production 400 bbl/day/pad
(2) Produced Water Tanks 300 bbl each Number of Wells per Pad 8

Daily Produced Water Production per Well 50 bbl/day/well
Operating Parameters per Well3: Annual Produced Water Throughput 18,250 bbl/well
Operating hours 8760 hr/yr Produced Water Control Efficiency (%) 95 %

Condensate Parameters per Well
Annual Condensate Throughput 100.00 bbl/well
Condensate Control Efficiency (%) 95 %

Alternative A Consolidated Facilities -- Emissions per Well 4

Emission Factor 2 Uncontrolled Emissions Controlled Emissions Emission Factor 3 Uncontrolled Emissions Controlled Emissions
Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)

VOC 10.000 600.00 600.00 VOC 2.350E-03 25.73 25.73
Benzene 0.048 2.88 2.88 Benzene 2.110E-07 0.002 0.002
Hexane 0.140 8.40 8.40 Hexane 1.010E-03 11.060 11.060

Alternative A Well Pads -- Emissions per Well4

Emission Factor 2 Uncontrolled Emissions Controlled Emissions Emission Factor 3 Uncontrolled Emissions Controlled Emissions
Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)

VOC 10.000 400.00 400.00 VOC 2.350E-03 17.16 17.16
Benzene 0.048 1.92 1.92 Benzene 2.110E-07 0.002 0.002
Hexane 0.140 5.60 5.60 Hexane 1.010E-03 7.373 7.373

Alternatives B and C Consolidated Facilities -- Emissions per Well 4

Emission Factor 2 Uncontrolled Emissions Controlled Emissions Emission Factor 3 Uncontrolled Emissions Controlled Emissions
Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)

VOC 10.000 900.00 45.00 VOC 2.350E-03 38.60 1.93
Benzene 0.048 4.32 0.22 Benzene 2.110E-07 0.003 0.000
Hexane 0.140 12.60 0.63 Hexane 1.010E-03 16.589 0.829

Alternatives B and C Well Pads -- Emissions per Well4

Emission Factor 2 Uncontrolled Emissions Controlled Emissions Emission Factor 3 Uncontrolled Emissions Controlled Emissions
Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)

VOC 10.000 100.00 5.00 VOC 2.350E-03 4.29 0.21
Benzene 0.048 0.48 0.02 Benzene 2.110E-07 0.000 0.000
Hexane 0.140 1.40 0.07 Hexane 1.010E-03 1.843 0.092

Alternatives D Consolidated Facilities -- Emissions per Well 4

Emission Factor 2 Uncontrolled Emissions Controlled Emissions Emission Factor 3 Uncontrolled Emissions Controlled Emissions
Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)

VOC 10.000 800.00 40.00 VOC 2.350E-03 34.31 1.72
Benzene 0.048 3.84 0.19 Benzene 2.110E-07 0.003 0.000
Hexane 0.140 11.20 0.56 Hexane 1.010E-03 14.746 0.737

Alternatives D Well Pads -- Emissions per Well4

Emission Factor 2 Uncontrolled Emissions Controlled Emissions Emission Factor 3 Uncontrolled Emissions Controlled Emissions
Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)

VOC 10.000 200.00 10.00 VOC 2.350E-03 8.58 0.43
Benzene 0.048 0.96 0.05 Benzene 2.110E-07 0.001 0.000
Hexane 0.140 2.80 0.14 Hexane 1.010E-03 3.687 0.184

1

2

3

4
The VOC emission factor for produced water tanks was supplied by WRFO oil and gas operators, based on preliminary results from a study overseen by the Colorado Department of Public Health and the Environment., % p ( q g ) % p , % p ( q g ) % p , ,
80% of operations (liquid storage) occur at consolidated facilities and 20% at well pads.

Alternative A emissions are based on uncontrolled condensate and produced water tank emissions.  Alternative B, C, and D emissions are based on controlled emissions from both types of tanks.
Emission factors for condensate tanks are based on "Oil & Gas Condensate Tank Batteries Regulatory Definitions and Permitting Guidance," PS Memo 05-01, Section 4.1 for Garfield, Mesa, Rio Blanco, and Moffat counties.

Condensate Produced Water

Condensate

Tanks 1

Condensate Produced Water

Produced Water

Condensate

Condensate Produced Water

Tanks at Consolidated Facilities and Well Pads

Condensate Produced Water

Produced Water
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Phase: Production
Activity: Field Gas Compression

Emissions: Natural Gas Fired Compressor Engine Emissions
Date: 9/3/2010

Operating Parameters:

Throughput Capacity at 
Compressor Station 180 MMscfd
Number of Wells Served 3,600 Assuming that HALF all of producing wells need compression
Operating hours 8,760
Capacity (%) 100
Annual Load (%)   Winter 25   Spring 25

Summer 25   Fall 25

Engine design (hp) 23,400

Potential Fuel Combustion for the Year for Unit:
Example Plant Volume of Natural Gas Combusted 1347.62 MMscf
Assumes gas consumed at rate of 6903 Btu/hp-hr
Heat Content 1050 Btu/scf
Example Plant Heat Input 1,415,005 MMBtu/yr

Emission Data:

(g/hp-hr) (g/hp-hr) (lb) (lb) (lb/well) (lb/well)
CO 4.0 2.0 CDPHE Reg 7 Standard 1,807,619 903,810 3600 502.12 251.06
NOx 2.0 1.0 CDPHE Reg 7 Standard 903,810 451,905 3600 251.06 125.53
PM10 --- --- --- --- --- 3600 --- ---
PM2.5 --- --- --- --- --- 3600 --- ---
SO2 --- --- --- --- --- 3600 --- ---
VOC 1.0 0.7 CDPHE Reg 7 Standard 451,905 316,333 3600 125.53 87.87

(lb/MMBtu) (lb/MMBtu)
CO2 110.000 110.000 AP-422 155,650,501 155,650,501 3600 43,236.25 43,236.25
CH4 1.250 1.250 AP-422 1,768,756 1,768,756 3600 491.32 491.32
N2O

4 0.001 0.001 IPCC4 1,306 1,306 3600 0.36 0.36
Formaldehyde 0.052800 0.052800 AP-422 74,712 74,712 3600 20.75 20.75

Benzene 0.000440 0.000440 AP-422 623 623 3600 0.17 0.17
Ethylbenzene 0.000040 0.000040 AP-422 56 56 3600 0.02 0.02

Toluene 0.000408 0.000408 AP-422 577 577 3600 0.16 0.16
Xylene 0.000184 0.000184 AP-422 260 260 3600 0.07 0.07

n-Hexane 0.001110 0.001110 AP-422 1,571 1,571 3600 0.44 0.44

1

2

3

4

Compressor Station Total
Number of 

Wells 
Served32007 Emission Factor2

2010 Emission 
Factor2 Reference 2007 Emissions 2010  Emissions

Emissions Per Well

EPA AP-42, Volume I, Fifth Edition - August 2000, Table 3.2-2, Uncontrolled Emission Factors for 4-Stroke Lean-Burn Engines, converted to lb/MMBtu.

Based on individual well production estimates, this compressor station is estimated to have enough capacity to serve 605 wells.

IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, Chapter 2 Energy, Table 2.2, Default Emission Factors for Stationary Combustion in the 
Energy Industries, default factors for N2O (IPCC) 2000.

Field Compressor Stations

2007 Emissions 2010  Emissions

Based on the Williams Webster Hill Compressor Station.  Five natural gas-fired 3,500-hp lean-burn compressor engines (17,500 hp total) are designed to transport 180 MMscf/day to a central gas 
treatment facility.  ["Construction Permit Application Webster Hill Compressor Station"]

Pollutant
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CRVFO Alternative: Alternative A
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 24.700 2.470 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 126.132 12.613 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 1.259 1.391 0.001 0.050 0.050 0.205 0.002 0.000 --- 0.000 --- 0.002 153.301 0.009 0.005

Subtotal 16.54 5.72 0.05 152.28 16.53 1.62 0.01 0.00 0.00 0.00 0.00 0.01 1,182 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 80.155 8.015 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.683 0.513 0.001 0.025 0.025 0.088 0.000 0.000 --- 0.000 --- 0.001 81.983 0.004 0.002
   Drilling Traffic Road Dust --- --- --- 3988.130 398.813 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 35.124 44.500 0.035 1.411 1.411 6.157 0.064 0.013 --- 0.009 --- 0.074 4300.265 0.256 0.145
   Drill Rig Engines - Tier 4b (2015) 218.667 1137.067 12.158 9.621 9.621 61.227 1.295 0.567 --- 0.397 --- 0.110 228130.560 10.970 2.463
   Frac Pump Engines - Tier4b 99.206 515.873 5.516 4.365 4.365 27.778 0.588 0.257 0.180 0.050 103500.000 4.977 1.117

Subtotal (with Tier 4B drill rigs) 353.68 1,697.95 17.71 4,083.71 422.25 95.25 1.95 0.84 0.00 0.59 0.00 0.23 336,012.81 16.21 3.73
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 442.755 44.276 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 4.058 3.050 0.004 0.151 0.151 0.523 0.002 0.001 --- 0.001 --- 0.003 487.213 0.023 0.011
   Completion Traffic Road Dust --- --- --- 271.178 27.118 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 2.799 2.765 0.003 0.108 0.108 0.420 0.003 0.001 -- 0.001 --- 0.004 339.093 0.018 0.009
   Completion Venting and Flaring 50.000 42.000 --- 3.800 3.800 1755.774 25.177 20.897 --- 13.941 --- --- 61264.352 16226.519 1.100

Subtotal 56.86 47.81 0.01 717.99 75.45 1,756.72 25.18 20.90 0.00 13.94 0.00 0.01 62,090.66 16,226.56 1.12
CONSTRUCTION SUBTOTAL1 427.08 1,751.49 17.77 4,953.98 514.23 1,853.59 27.14 21.74 0.00 14.53 0.00 0.25 399,286 16,243 5

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 279.659 27.966 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 1289.109 128.911 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 11.822 10.130 0.012 0.448 0.448 1.634 0.010 0.003 --- 0.002 --- --- 1424.963 0.071 0.036
   Pad Heaters 39.107 32.850 --- 2.972 2.972 2.151 0.001 0.001 --- --- --- 0.029 46928.571 0.899 0.860
   Produced Water and Condensate Tanks (all at well pads) --- --- --- --- --- 1042.888 4.804 --- --- --- 32.433 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.138 0.002 0.004 0.000 0.001 0.017 --- 0.018 0.060 0.000
   Pneumatic Devices --- --- --- --- --- 879.342 12.603 10.460 0.000 6.978 87.429 --- 664.543 8528.054 0.000
   Pneumatic Pumps --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.110 0.565 --- 0.007 0.007 1.706 0.026 0.021 0.000 0.014 0.175 0.001 166.144 16.232 0.002
   Equipment Leaks --- --- --- --- --- 182.328 2.815 7.723 0.201 7.322 19.152 --- 88.122 1129.588 0.000

Subtotal 51.04 43.54 0.01 1,572.19 160.30 2,117.77 20.37 18.30 0.20 14.38 139.96 0.03 49,278.09 9,748.47 0.90
Centralized Compression and Processing
   Field Compression (2010 Emissions) 251.058 502.116 --- --- --- 175.741 0.346 0.321 0.031 0.145 0.873 41.507 86472.500 982.642 0.725
   Compressor Station Equipment Leaks --- --- --- --- --- 1.372 0.022 0.078 0.002 0.076 0.148 --- 0.489 6.265 0.000
   Compressor Station Dehydrators 1.192 1.001 --- 0.091 0.091 183.285 33.382 19.762 --- 6.090 17.025 0.001 1453.200 295.131 0.026

Subtotal (with 2010 engines) 252.25 503.12 0.00 0.09 0.09 360.40 33.75 20.16 0.03 6.31 18.05 41.51 87,926.19 1,284.04 0.75
PRODUCTION SUBTOTAL 303.29 546.66 0.01 1,572.29 160.39 2,478.17 54.12 38.46 0.23 20.69 158.00 41.54 137,204 11,033 2

CONSTRUCTION AND PRODUCTION TOTAL 730.37 2,298.15 17.78 6,526.26 674.63 4,331.75 81.26 60.20 0.23 35.22 158.00 41.79 536,490 27,275 7

1

Year 2028 Emission Summary (lb/well)
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Emissions by Source Category

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.

9/3/2010
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CRVFO Alternative: Alternative A
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0124 0.0012 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0631 0.0063 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0006 0.0007 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0767 0.0000 0.0000

Subtotal 0.0083 0.0029 0.0000 0.0761 0.0083 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5912 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.0401 0.0040 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0410 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 1.9941 0.1994 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0176 0.0222 0.0000 0.0007 0.0007 0.0031 0.0000 0.0000 --- 0.0000 --- 0.0000 2.1501 0.0001 0.0001
   Drill Rig Engines - Tier 2 0.8309 0.5685 0.0061 0.0328 0.0328 0.2187 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Drill Rig Engines - Tier 4a (2011) 0.1093 0.5685 0.0061 0.0164 0.0164 0.0656 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Drill Rig Engines - Tier 4b (2015) 0.1093 0.5685 0.0061 0.0048 0.0048 0.0306 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Frac Pump Engines - Tier4b 0.0496 0.2579 0.0028 0.0022 0.0022 0.0139 0.0003 0.0001 --- 0.0001 --- 0.0000 51.7500 0.0025 0.0006

Subtotal 0.1768 0.8490 0.0089 2.0419 0.2111 0.0476 0.0010 0.0004 0.0000 0.0003 0.0000 0.0001 168.0064 0.0081 0.0019
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.2214 0.0221 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0020 0.0015 0.0000 0.0001 0.0001 0.0003 0.0000 0.0000 --- 0.0000 --- 0.0000 0.2436 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.1356 0.0136 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0014 0.0014 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1695 0.0000 0.0000
   Completion Venting and Flaring 0.0250 0.0210 --- 0.0019 0.0019 0.8779 0.0126 0.0104 --- 0.0070 --- --- 30.6322 8.1133 0.0006

Subtotal 0.0284 0.0239 0.0000 0.3590 0.0377 0.8784 0.0126 0.0104 0.0000 0.0070 0.0000 0.0000 31.0453 8.1133 0.0006
CONSTRUCTION TOTAL1 0.2135 0.8757 0.0089 2.4770 0.2571 0.9268 0.0136 0.0109 0.0000 0.0073 0.0000 0.0001 199.6429 8.1214 0.0024

Well Pad Emissions
   Wind Erosion --- --- --- 0.1398 0.0140 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.6446 0.0645 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0059 0.0051 0.0000 0.0002 0.0002 0.0008 0.0000 0.0000 --- 0.0000 --- --- 0.7125 0.0000 0.0000
   Pad Heaters 0.0196 0.0164 --- 0.0015 0.0015 0.0011 0.0000 0.0000 --- --- --- 0.0000 23.4643 0.0004 0.0004
   Condensate Tanks --- --- --- --- --- 0.5214 0.0024 --- --- --- 0.0162 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0000 0.0000
   Pneumatic Devices --- --- --- --- --- 0.4397 0.0063 0.0052 0.0000 0.0035 0.0437 --- 0.3323 4.2640 0.0000
   Pneumatic Pumps --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0001 0.0003 --- 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0831 0.0081 0.0000
   Equipment Leaks --- --- --- --- --- 0.0912 0.0014 0.0039 0.0001 0.0037 0.0096 --- 0.0441 0.5648 0.0000

Subtotal 0.0255 0.0218 0.0000 0.7861 0.0802 1.0589 0.0102 0.0092 0.0001 0.0072 0.0700 0.0000 24.6390 4.8742 0.0004
Centralized Compression and Processing
   Field Compression (2007 Emissions) 0.2511 0.5021 --- --- --- 0.1255 0.0002 0.0002 0.0000 0.0001 0.0004 0.0208 43.2363 0.4913 0.0004
   Field Compression (2010 Emissions) 0.1255 0.2511 --- --- --- 0.0879 0.0002 0.0002 0.0000 0.0001 0.0004 0.0208 43.2363 0.4913 0.0004
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0007 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0002 0.0031 0.0000
   Compressor Station Dehydrators 0.0006 0.0005 --- 0.0000 0.0000 0.0916 0.0167 0.0099 --- 0.0030 0.0085 0.0000 0.7266 0.1476 0.0000

Subtotal (with 2010 engines) 0.1261 0.2516 0.0000 0.0000 0.0000 0.1802 0.0169 0.0101 0.0000 0.0032 0.0090 0.0208 43.9631 0.6420 0.0004
PRODUCTION SUBTOTAL 0.1516 0.2733 0.0000 0.7861 0.0802 1.2391 0.0271 0.0192 0.0001 0.0103 0.0790 0.0208 68.6021 5.5163 0.0008

CONSTRUCTION AND PRODUCTION TOTAL 0.3652 1.1491 0.0089 3.2631 0.3373 2.1659 0.0406 0.0301 0.0001 0.0176 0.0790 0.0209 268.2450 13.6377 0.0033

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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CRVFO Alternative: Alternative B
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 24.700 2.470 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 15.136 1.514 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 1.259 1.391 0.001 0.050 0.050 0.205 0.002 0.000 --- 0.000 --- 0.002 153.301 0.009 0.005

Subtotal 16.54 5.72 0.05 41.28 5.43 1.62 0.01 0.00 0.00 0.00 0.00 0.01 1,182 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 9.619 0.962 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.683 0.513 0.001 0.025 0.025 0.088 0.000 0.000 --- 0.000 --- 0.001 81.983 0.004 0.002
   Drilling Traffic Road Dust --- --- --- 478.576 47.858 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 35.124 44.500 0.035 1.411 1.411 6.157 0.064 0.013 --- 0.009 --- 0.074 4300.265 0.256 0.145
   Drill Rig Engines - Tier 4b (2015) 218.667 1137.067 12.158 9.621 9.621 61.227 1.295 0.567 --- 0.397 --- 0.110 228130.560 10.970 2.463
   Frac Pump Engines - Tier4b 99.206 515.873 5.516 4.365 4.365 27.778 0.588 0.257 0.180 0.050 103500.000 4.977 1.117

Subtotal (with Tier 4B drill rigs) 353.68 1,697.95 17.71 503.62 64.24 95.25 1.95 0.84 0.00 0.59 0.00 0.23 336,012.81 16.21 3.73
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 53.131 5.313 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 4.058 3.050 0.004 0.151 0.151 0.523 0.002 0.001 --- 0.001 --- 0.003 487.213 0.023 0.011
   Completion Traffic Road Dust --- --- --- 32.541 3.254 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 2.799 2.765 0.003 0.108 0.108 0.420 0.003 0.001 -- 0.001 --- 0.004 339.093 0.018 0.009
   Completion Venting and Flaring 1.000 0.840 --- 0.076 0.076 35.115 0.504 0.418 --- 0.279 --- --- 1225.287 324.530 0.022

Subtotal 7.86 6.65 0.01 86.01 8.90 36.06 0.51 0.42 0.00 0.28 0.00 0.01 2,051.59 324.57 0.04

Emissions by Source Category

9/3/2010

Year 2028 Emission Summary (lb/well)
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Subtotal 7.86 6.65 0.01 86.01 8.90 36.06 0.51 0.42 0.00 0.28 0.00 0.01 2,051.59 324.57 0.04
CONSTRUCTION SUBTOTAL1 378.08 1,710.33 17.77 630.91 78.57 132.93 2.46 1.26 0.00 0.87 0.00 0.25 339,247 341 4

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 279.659 27.966 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 26.650 2.665 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 2.041 2.780 0.002 0.083 0.083 0.374 0.004 0.001 --- 0.001 --- --- 250.741 0.016 0.009
   Pad Heaters 39.107 32.850 --- 2.972 2.972 2.151 0.001 0.001 --- --- --- 0.029 46928.571 0.899 0.860
   Produced Water and Condensate Tanks --- --- --- --- --- 52.144 0.240 --- --- --- 1.622 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.138 0.002 0.004 0.000 0.001 0.017 --- 0.018 0.060 0.000
   Pneumatic Devices --- --- --- --- --- 879.342 12.603 10.460 0.000 6.978 87.429 --- 664.543 8528.054 0.000
   Pneumatic Pumps --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.110 0.565 --- 0.007 0.007 1.706 0.026 0.021 0.000 0.014 0.175 0.001 166.144 16.232 0.002
   Equipment Leaks --- --- --- --- --- 182.328 2.815 7.723 0.201 7.322 19.152 --- 88.122 1129.588 0.000

Subtotal 41.259 36.195 0.002 309.371 33.693 1125.768 15.800 18.300 0.201 14.377 109.149 0.030 48103.873 9748.414 0.872
Centralized Compression and Processing
   Field Compression (2010 Emissions) 0.000 0.000 --- --- --- 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
   Compressor Station Equipment Leaks --- --- --- --- --- 1.372 0.022 0.078 0.002 0.076 0.148 --- 0.489 6.265 0.000
   Compressor Station Dehydrators 1.192 1.001 --- 0.091 0.091 18.387 3.338 1.976 --- 0.609 1.702 0.001 1432.504 29.538 0.026

Subtotal (with 2010 engines) 1.19 1.00 0.00 0.09 0.09 19.76 3.36 2.05 0.00 0.68 1.85 0.00 1,432.99 35.80 0.03
PRODUCTION SUBTOTAL 42.45 37.20 0.00 309.46 33.78 1,145.53 19.16 20.35 0.20 15.06 111.00 0.03 49,537 9,784 1

CONSTRUCTION AND PRODUCTION TOTAL 420.53 1,747.53 17.77 940.37 112.36 1,278.45 21.62 21.61 0.20 15.93 111.00 0.28 388,784 10,125 5

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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CRVFO Alternative: Alternative B
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0124 0.0012 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0076 0.0008 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0006 0.0007 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0767 0.0000 0.0000

Subtotal 0.0083 0.0029 0.0000 0.0206 0.0027 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5912 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.0048 0.0005 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0410 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.2393 0.0239 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0176 0.0222 0.0000 0.0007 0.0007 0.0031 0.0000 0.0000 --- 0.0000 --- 0.0000 2.1501 0.0001 0.0001
   Drill Rig Engines - Tier 2 0.8309 0.5685 0.0061 0.0328 0.0328 0.2187 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Drill Rig Engines - Tier 4a (2011) 0.1093 0.5685 0.0061 0.0164 0.0164 0.0656 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Drill Rig Engines - Tier 4b (2015) 0.1093 0.5685 0.0061 0.0048 0.0048 0.0306 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Frac Pump Engines - Tier4b 0.0496 0.2579 0.0028 0.0022 0.0022 0.0139 0.0003 0.0001 --- 0.0001 --- 0.0000 51.7500 0.0025 0.0006

Subtotal 0.1768 0.8490 0.0089 0.2518 0.0321 0.0476 0.0010 0.0004 0.0000 0.0003 0.0000 0.0001 168.0064 0.0081 0.0019
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.0266 0.0027 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0020 0.0015 0.0000 0.0001 0.0001 0.0003 0.0000 0.0000 --- 0.0000 --- 0.0000 0.2436 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.0163 0.0016 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0014 0.0014 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1695 0.0000 0.0000
   Completion Venting and Flaring 0.0005 0.0004 --- 0.0000 0.0000 0.0176 0.0003 0.0002 --- 0.0001 --- --- 0.6126 0.1623 0.0000

S bt t l 0 0039 0 0033 0 0000 0 0430 0 0045 0 0180 0 0003 0 0002 0 0000 0 0001 0 0000 0 0000 1 0258 0 1623 0 0000

Emissions by Source Category
(ton/well)

9/3/2010

Year 2028 Emission Summary (ton/well)
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Subtotal 0.0039 0.0033 0.0000 0.0430 0.0045 0.0180 0.0003 0.0002 0.0000 0.0001 0.0000 0.0000 1.0258 0.1623 0.0000
CONSTRUCTION TOTAL1 0.1890 0.8552 0.0089 0.3155 0.0393 0.0665 0.0012 0.0006 0.0000 0.0004 0.0000 0.0001 169.6234 0.1704 0.0019

Well Pad Emissions
   Wind Erosion --- --- --- 0.1398 0.0140 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.0133 0.0013 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0010 0.0014 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 --- 0.0000 --- --- 0.1254 0.0000 0.0000
   Pad Heaters 0.0196 0.0164 --- 0.0015 0.0015 0.0011 0.0000 0.0000 --- --- --- 0.0000 23.4643 0.0004 0.0004
   Condensate Tanks --- --- --- --- --- 0.0261 0.0001 --- --- --- 0.0008 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0000 0.0000
   Pneumatic Devices --- --- --- --- --- 0.4397 0.0063 0.0052 0.0000 0.0035 0.0437 --- 0.3323 4.2640 0.0000
   Pneumatic Pumps --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0001 0.0003 --- 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0831 0.0081 0.0000
   Equipment Leaks --- --- --- --- --- 0.0912 0.0014 0.0039 0.0001 0.0037 0.0096 --- 0.0441 0.5648 0.0000

Subtotal 0.0206 0.0181 0.0000 0.1547 0.0168 0.5629 0.0079 0.0092 0.0001 0.0072 0.0546 0.0000 24.0519 4.8742 0.0004
Centralized Compression and Processing
   Field Compression (2007 Emissions) 0.0000 0.0000 --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
   Field Compression (2010 Emissions) 0.0000 0.0000 --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0007 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0002 0.0031 0.0000
   Compressor Station Dehydrators 0.0006 0.0005 --- 0.0000 0.0000 0.0092 0.0017 0.0010 --- 0.0003 0.0009 0.0000 0.7163 0.0148 0.0000

Subtotal (with 2010 engines) 0.0006 0.0005 0.0000 0.0000 0.0000 0.0099 0.0017 0.0010 0.0000 0.0003 0.0009 0.0000 0.7165 0.0179 0.0000
PRODUCTION SUBTOTAL 0.0212 0.0186 0.0000 0.1547 0.0169 0.5728 0.0096 0.0102 0.0001 0.0075 0.0555 0.0000 24.7684 4.8921 0.0004

CONSTRUCTION AND PRODUCTION TOTAL 0.2103 0.8738 0.0089 0.4702 0.0562 0.6392 0.0108 0.0108 0.0001 0.0080 0.0555 0.0001 194.3918 5.0625 0.0023

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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Alternative: Alternative C
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 24.700 2.470 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 15.136 1.514 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 1.259 1.391 0.001 0.050 0.050 0.205 0.002 0.000 --- 0.000 --- 0.002 153.301 0.009 0.005
Subtotal 16.54 5.72 0.05 41.28 5.43 1.62 0.01 0.00 0.00 0.00 0.00 0.01 1,182 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 9.619 0.962 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.683 0.513 0.001 0.025 0.025 0.088 0.000 0.000 --- 0.000 --- 0.001 81.983 0.004 0.002
   Drilling Traffic Road Dust --- --- --- 478.576 47.858 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 35.124 44.500 0.035 1.411 1.411 6.157 0.064 0.013 --- 0.009 --- 0.074 4300.265 0.256 0.145
   Drill Rig Engines - Tier 4b (2015) 218.667 1137.067 12.158 9.621 9.621 61.227 1.295 0.567 --- 0.397 --- 0.110 228130.560 10.970 2.463
   Frac Pump Engines - Tier4b 99.206 515.873 5.516 4.365 4.365 27.778 0.588 0.257 0.180 0.050 103500.000 4.977 1.117
Subtotal (with Tier 4B drill rigs) 353.68 1,697.95 17.71 503.62 64.24 95.25 1.95 0.84 0.00 0.59 0.00 0.23 336,012.81 16.21 3.73
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 53.131 5.313 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 4.058 3.050 0.004 0.151 0.151 0.523 0.002 0.001 --- 0.001 --- 0.003 487.213 0.023 0.011
   Completion Traffic Road Dust --- --- --- 32.541 3.254 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 2.799 2.765 0.003 0.108 0.108 0.420 0.003 0.001 --- 0.001 --- 0.004 339.093 0.018 0.009
   Completion Venting and Flaring 1.000 0.840 --- 0.076 0.076 35.115 0.504 0.418 --- 0.279 --- --- 1225.287 324.530 0.022
Subtotal 7.86 6.65 0.01 86.01 8.90 36.06 0.51 0.42 0.00 0.28 0.00 0.01 2,051.59 324.57 0.04
CONSTRUCTION SUBTOTAL1 378 08 1 710 33 17 77 630 91 78 57 132 93 2 46 1 26 0 00 0 87 0 00 0 25 339 247 341 4

Year 2028 Emission Summary (lb/well)
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Emissions by Source Category

9/3/2010

CONSTRUCTION SUBTOTAL 378.08 1,710.33 17.77 630.91 78.57 132.93 2.46 1.26 0.00 0.87 0.00 0.25 339,247 341 4
Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 279.659 27.966 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 26.650 2.665 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 2.041 2.780 0.002 0.083 0.083 0.374 0.004 0.001 --- 0.001 --- --- 250.741 0.016 0.009
   Pad Heaters 39.107 32.850 --- 2.972 2.972 2.151 0.001 0.001 --- --- --- 0.029 46928.571 0.899 0.860
   Produced Water and Condensate Tanks --- --- --- --- --- 52.144 0.240 --- --- --- 1.622 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.138 0.002 0.004 0.000 0.001 0.017 --- 0.018 0.060 0.000
   Pneumatic Devices --- --- --- --- --- 879.342 12.603 10.460 0.000 6.978 87.429 --- 664.543 8528.054 0.000
   Pneumatic Pump --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.110 0.565 --- 0.007 0.007 1.706 0.026 0.021 0.000 0.014 0.175 0.001 166.144 16.232 0.002
   Equipment Leaks --- --- --- --- --- 182.328 2.815 7.723 0.201 7.322 19.152 --- 88.122 1129.588 0.000
Subtotal 41.26 36.19 0.00 309.37 33.69 1,125.77 15.80 18.30 0.20 14.38 109.15 0.03 48,103.87 9,748.41 0.87
Centralized Compression and Processing
   Field Compression (2010 Emissions) 0.000 0.000 --- --- --- 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
   Compressor Station Equipment Leaks --- --- --- --- --- 1.372 0.022 0.078 0.002 0.076 0.148 --- 0.489 6.265 0.000
   Compressor Station Dehydrators 1.192 1.001 --- 0.091 0.091 18.387 3.338 1.976 --- 0.609 1.702 0.001 1432.504 29.538 0.026
Subtotal (with 2010 engines) 1.19 1.00 0.00 0.09 0.09 19.76 3.36 2.05 0.00 0.68 1.85 0.00 1,432.99 35.80 0.03
PRODUCTION SUBTOTAL 42.45 37.20 0.00 309.46 33.78 1,145.53 19.16 20.35 0.20 15.06 111.00 0.03 49,537 9,784 1

CONSTRUCTION AND PRODUCTION TOTAL 420.53 1,747.53 17.77 940.37 112.36 1,278.45 21.62 21.61 0.20 15.93 111.00 0.28 388,784 10,125 5

1
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Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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CRVFO Alternative: Alternative C
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0124 0.0012 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0076 0.0008 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0006 0.0007 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0767 0.0000 0.0000

Subtotal 0.0083 0.0029 0.0000 0.0206 0.0027 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5912 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.0048 0.0005 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0410 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.2393 0.0239 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0176 0.0222 0.0000 0.0007 0.0007 0.0031 0.0000 0.0000 --- 0.0000 --- 0.0000 2.1501 0.0001 0.0001
   Drill Rig Engines - Tier 2 0.8309 0.5685 0.0061 0.0328 0.0328 0.2187 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Frac Pump Engines - Tier4b 0.0496 0.2579 0.0028 0.0022 0.0022 0.0139 0.0003 0.0001 --- 0.0001 --- 0.0000 51.7500 0.0025 0.0006

Subtotal 0.1768 0.8490 0.0089 0.2518 0.0321 0.0476 0.0010 0.0004 0.0000 0.0003 0.0000 0.0001 168.0064 0.0081 0.0019
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.0266 0.0027 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0020 0.0015 0.0000 0.0001 0.0001 0.0003 0.0000 0.0000 --- 0.0000 --- 0.0000 0.2436 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.0163 0.0016 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0014 0.0014 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1695 0.0000 0.0000
   Completion Venting and Flaring 0.0005 0.0004 --- 0.0000 0.0000 0.0176 0.0003 0.0002 --- 0.0001 --- --- 0.6126 0.1623 0.0000

Subtotal 0.0039 0.0033 0.0000 0.0430 0.0045 0.0180 0.0003 0.0002 0.0000 0.0001 0.0000 0.0000 1.0258 0.1623 0.0000
CONSTRUCTION TOTAL1 0.1890 0.8552 0.0089 0.3155 0.0393 0.0665 0.0012 0.0006 0.0000 0.0004 0.0000 0.0001 169.6234 0.1704 0.0019

C
O
N
S
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Emissions by Source Category

Year 2028 Emission Summary (ton/well)

(ton/well)

9/3/2010

Well Pad Emissions
   Wind Erosion --- --- --- 0.1398 0.0140 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.0133 0.0013 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0010 0.0014 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 --- 0.0000 --- --- 0.1254 0.0000 0.0000
   Pad Heaters 0.0196 0.0164 --- 0.0015 0.0015 0.0011 0.0000 0.0000 --- --- --- 0.0000 23.4643 0.0004 0.0004
   Condensate Tanks --- --- --- --- --- 0.0261 0.0001 --- --- --- 0.0008 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0000 0.0000
   Pneumatic Devices --- --- --- --- --- 0.4397 0.0063 0.0052 0.0000 0.0035 0.0437 --- 0.3323 4.2640 0.0000
   Pneumatic Pump --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0001 0.0003 --- 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0831 0.0081 0.0000
   Equipment Leaks --- --- --- --- --- 0.0912 0.0014 0.0039 0.0001 0.0037 0.0096 --- 0.0441 0.5648 0.0000

Subtotal 0.0206 0.0181 0.0000 0.1547 0.0168 0.5629 0.0079 0.0092 0.0001 0.0072 0.0546 0.0000 24.0519 4.8742 0.0004
Centralized Compression and Processing
   Field Compression (2007 Emissions) 0.0000 0.0000 --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0007 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0002 0.0031 0.0000
   Compressor Station Dehydrators 0.0006 0.0005 --- 0.0000 0.0000 0.0092 0.0017 0.0010 --- 0.0003 0.0009 0.0000 0.7163 0.0148 0.0000

Subtotal (with 2010 engines) 0.0006 0.0005 0.0000 0.0000 0.0000 0.0099 0.0017 0.0010 0.0000 0.0003 0.0009 0.0000 0.7165 0.0179 0.0000
PRODUCTION SUBTOTAL 0.0212 0.0186 0.0000 0.1547 0.0169 0.5728 0.0096 0.0102 0.0001 0.0075 0.0555 0.0000 24.7684 4.8921 0.0004

CONSTRUCTION AND PRODUCTION TOTAL 0.2103 0.8738 0.0089 0.4702 0.0562 0.6392 0.0108 0.0108 0.0001 0.0080 0.0555 0.0001 194.3918 5.0625 0.0023

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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CRVFO Alternative: Alternative D
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 24.700 2.470 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 15.136 1.514 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 1.259 1.391 0.001 0.050 0.050 0.205 0.002 0.000 --- 0.000 --- 0.002 153.301 0.009 0.005

Subtotal 16.54 5.72 0.05 41.28 5.43 1.62 0.01 0.00 0.00 0.00 0.00 0.01 1,182 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 9.619 0.962 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.683 0.513 0.001 0.025 0.025 0.088 0.000 0.000 --- 0.000 --- 0.001 81.983 0.004 0.002
   Drilling Traffic Road Dust --- --- --- 478.576 47.858 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 35.124 44.500 0.035 1.411 1.411 6.157 0.064 0.013 --- 0.009 --- 0.074 4300.265 0.256 0.145
   Drill Rig Engines - Tier 4b (2015) 218.667 1137.067 12.158 9.621 9.621 61.227 1.295 0.567 --- 0.397 --- 0.110 228130.560 10.970 2.463
   Frac Pump Engines - Tier4b 99.206 515.873 5.516 4.365 4.365 27.778 0.588 0.257 0.180 0.050 103500.000 4.977 1.117

Subtotal (with Tier 4B drill rigs) 353.68 1,697.95 17.71 503.62 64.24 95.25 1.95 0.84 0.00 0.59 0.00 0.23 336,012.81 16.21 3.73
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 53.131 5.313 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 4.058 3.050 0.004 0.151 0.151 0.523 0.002 0.001 --- 0.001 --- 0.003 487.213 0.023 0.011
   Completion Traffic Road Dust --- --- --- 32.541 3.254 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 2.799 2.765 0.003 0.108 0.108 0.420 0.003 0.001 -- 0.001 --- 0.004 339.093 0.018 0.009
   Completion Venting and Flaring 1.000 0.840 --- 0.076 0.076 35.115 0.504 0.418 --- 0.279 --- --- 1225.287 324.530 0.022

Subtotal 7.86 6.65 0.01 86.01 8.90 36.06 0.51 0.42 0.00 0.28 0.00 0.01 2,051.59 324.57 0.04

Emissions by Source Category

9/3/2010

Year 2028 Emission Summary (lb/well)

C
O
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T
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N

Subtota 86 6 65 0 0 86 0 8 90 36 06 0 5 0 0 00 0 8 0 00 0 0 ,05 59 3 5 0 0
CONSTRUCTION SUBTOTAL1 378.08 1,710.33 17.77 630.91 78.57 132.93 2.46 1.26 0.00 0.87 0.00 0.25 339,247 341 4

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 279.659 27.966 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 51.355 5.136 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 3.928 4.198 0.004 0.153 0.153 0.617 0.005 0.001 --- 0.001 --- --- 477.305 0.026 0.014
   Pad Heaters 39.107 32.850 --- 2.972 2.972 2.151 0.001 0.001 --- --- --- 0.029 46928.571 0.899 0.860
   Produced Water and Condensate Tanks --- --- --- --- --- 52.144 0.240 --- --- --- 1.622 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.138 0.002 0.004 0.000 0.001 0.017 --- 0.018 0.060 0.000
   Pneumatic Devices --- --- --- --- --- 879.342 12.603 10.460 0.000 6.978 87.429 --- 664.543 8528.054 0.000
   Pneumatic Pumps --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.110 0.565 --- 0.007 0.007 1.706 0.026 0.021 0.000 0.014 0.175 0.001 166.144 16.232 0.002
   Equipment Leaks --- --- --- --- --- 182.328 2.815 7.723 0.201 7.322 19.152 --- 88.122 1129.588 0.000

Subtotal 43.15 37.61 0.00 334.15 36.23 1,126.01 15.80 18.30 0.20 14.38 109.15 0.03 48,330.44 9,748.43 0.88
Centralized Compression and Processing
   Field Compression (2010 Emissions) 125.53 251.06 --- --- --- 87.87 0.17 0.16 0.02 0.07 0.44 20.75 43,236.25 491.32 0.36
   Compressor Station Equipment Leaks --- --- --- --- --- 1.37 0.02 0.08 0.002 0.08 0.15 --- 0.49 6.26 0.00
   Compressor Station Dehydrators 1.192 1.001 --- 0.091 0.091 18.387 3.338 1.976 --- 0.609 1.702 0.001 1432.504 29.538 0.026

Subtotal (with 2010 engines) 126.72 252.06 0.00 0.09 0.09 107.63 3.53 2.21 0.02 0.76 2.29 20.75 44,669.24 527.12 0.39
PRODUCTION SUBTOTAL 169.87 289.67 0.00 334.24 36.32 1,233.64 19.33 20.51 0.22 15.13 111.43 20.78 93,000 10,276 1

CONSTRUCTION AND PRODUCTION TOTAL 547.94 2,000.00 17.78 965.14 114.90 1,366.57 21.80 21.78 0.22 16.00 111.43 21.03 432,246 10,616 5

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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CRVFO Alternative: Alternative D
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0124 0.0012 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0076 0.0008 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0006 0.0007 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0767 0.0000 0.0000

Subtotal 0.0083 0.0029 0.0000 0.0206 0.0027 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5912 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.0048 0.0005 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 --- 0.0000 0.0410 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.2393 0.0239 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0176 0.0222 0.0000 0.0007 0.0007 0.0031 0.0000 0.0000 --- 0.0000 --- 0.0000 2.1501 0.0001 0.0001
   Drill Rig Engines - Tier 2 0.8309 0.5685 0.0061 0.0328 0.0328 0.2187 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Drill Rig Engines - Tier 4a (2011) 0.1093 0.5685 0.0061 0.0164 0.0164 0.0656 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Drill Rig Engines - Tier 4b (2015) 0.1093 0.5685 0.0061 0.0048 0.0048 0.0306 0.0006 0.0003 --- 0.0002 --- 0.0001 114.0653 0.0055 0.0012
   Frac Pump Engines - Tier4b 0.0496 0.2579 0.0028 0.0022 0.0022 0.0139 0.0003 0.0001 --- 0.0001 --- 0.0000 51.7500 0.0025 0.0006

Subtotal 0.1768 0.8490 0.0089 0.2518 0.0321 0.0476 0.0010 0.0004 0.0000 0.0003 0.0000 0.0001 168.0064 0.0081 0.0019
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.0266 0.0027 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0020 0.0015 0.0000 0.0001 0.0001 0.0003 0.0000 0.0000 --- 0.0000 --- 0.0000 0.2436 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.0163 0.0016 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0014 0.0014 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1695 0.0000 0.0000
   Completion Venting and Flaring 0.0005 0.0004 --- 0.0000 0.0000 0.0176 0.0003 0.0002 --- 0.0001 --- --- 0.6126 0.1623 0.0000

S bt t l 0 0039 0 0033 0 0000 0 0430 0 0045 0 0180 0 0003 0 0002 0 0000 0 0001 0 0000 0 0000 1 0258 0 1623 0 0000

Emissions by Source Category
(ton/well)

9/3/2010

Year 2028 Emission Summary (ton/well)

C
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Subtotal 0.0039 0.0033 0.0000 0.0430 0.0045 0.0180 0.0003 0.0002 0.0000 0.0001 0.0000 0.0000 1.0258 0.1623 0.0000
CONSTRUCTION TOTAL1 0.1890 0.8552 0.0089 0.3155 0.0393 0.0665 0.0012 0.0006 0.0000 0.0004 0.0000 0.0001 169.6234 0.1704 0.0019

Well Pad Emissions
   Wind Erosion --- --- --- 0.1398 0.0140 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.0257 0.0026 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0020 0.0021 0.0000 0.0001 0.0001 0.0003 0.0000 0.0000 --- 0.0000 --- --- 0.2387 0.0000 0.0000
   Pad Heaters 0.0196 0.0164 --- 0.0015 0.0015 0.0011 0.0000 0.0000 --- --- --- 0.0000 23.4643 0.0004 0.0004
   Condensate Tanks --- --- --- --- --- 0.0261 0.0001 --- --- --- 0.0008 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0000 0.0000
   Pneumatic Devices --- --- --- --- --- 0.4397 0.0063 0.0052 0.0000 0.0035 0.0437 --- 0.3323 4.2640 0.0000
   Pneumatic Pumps --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0001 0.0003 --- 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0831 0.0081 0.0000
   Equipment Leaks --- --- --- --- --- 0.0912 0.0014 0.0039 0.0001 0.0037 0.0096 --- 0.0441 0.5648 0.0000

Subtotal 0.0216 0.0188 0.0000 0.1671 0.0181 0.5630 0.0079 0.0092 0.0001 0.0072 0.0546 0.0000 24.1652 4.8742 0.0004
Centralized Compression and Processing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Field Compression (2007 Emissions) 0.1255 0.2511 --- --- --- 0.0628 0.0001 0.0001 0.0000 0.0000 0.0002 0.0104 21.6181 0.2457 0.0002
   Field Compression (2010 Emissions) 0.0628 0.1255 --- --- --- 0.0439 0.0001 0.0001 0.0000 0.0000 0.0002 0.0104 21.6181 0.2457 0.0002
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0007 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0002 0.0031 0.0000
   Compressor Station Dehydrators 0.0006 0.0005 --- 0.0000 0.0000 0.0092 0.0017 0.0010 --- 0.0003 0.0009 0.0000 0.7163 0.0148 0.0000

Subtotal (with 2010 engines) 0.0634 0.1260 0.0000 0.0000 0.0000 0.0538 0.0018 0.0011 0.0000 0.0004 0.0011 0.0104 22.3346 0.2636 0.0002
PRODUCTION SUBTOTAL 0.0849 0.1448 0.0000 0.1671 0.0182 0.6168 0.0097 0.0103 0.0001 0.0076 0.0557 0.0104 46.4998 5.1378 0.0006

CONSTRUCTION AND PRODUCTION TOTAL 0.2740 1.0000 0.0089 0.4826 0.0574 0.6833 0.0109 0.0109 0.0001 0.0080 0.0557 0.0105 216.1232 5.3082 0.0025

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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CRVFO Alternative: Alternative A
Phase: Construction and Production

Activity: All
Emissions:

Field Wide Year 2028 Emission Summary (tons/year)

Emissions From All Production and ConstructionEmissions:

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 4.882 0.488 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 24.929 2.493 --- --- --- --- --- --- --- --- --- ---

9/3/2010

Emissions by Source Category

Emissions From All Production and Construction 
Activities (BLM and non-BLM sources)

Co s uc o a c oad us 9 9 93
   Construction Equipment Exhaust 3.020 0.856 0.011 0.276 0.276 0.280 0.001 0.001 --- 0.000 --- 0.001 203.374 0.010 0.002
   Delivery/Commuter Vehicle Exhaust 0.249 0.275 0.000 0.010 0.010 0.040 0.000 0.000 --- 0.000 --- 0.000 30.299 0.002 0.001

Subtotal 3.269 1.131 0.011 30.096 3.267 0.320 0.002 0.001 0.000 0.000 0.000 0.002 233.672 0.011 0.003
Drill Rig Move and Drilling --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Road Dust --- --- --- 15.842 1.584 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.135 0.101 0.000 0.005 0.005 0.017 0.000 0.000 --- 0.000 --- 0.000 16.203 0.001 0.000
   Drilling Traffic Road Dust --- --- --- 788.218 78.822 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 6.942 8.795 0.007 0.279 0.279 1.217 0.013 0.003 --- 0.002 --- 0.015 849.908 0.051 0.029
   Drill Rig Engines - Tier 4b (2015) 43.217 224.731 2.403 1.902 1.902 12.101 0.256 0.112 --- 0.078 --- 0.022 45087.940 2.168 0.487
   Frac Pump Engines - Tier4b 19.6072 101.9576 1.0902 0.8627 0.8627 5.4900 0.1162 0.0509 --- 0.0356 --- 0.0098 20455.8382 0.9837 0.2208

C
O
N
S
T
R
U
C p g

Subtotal (with Tier 4B drill rigs) 69.902 335.58 3.50 807.11 83.45 18.83 0.38 0.17 0.00 0.12 0.00 0.05 66,409.89 3.20 0.74
Completion and Testing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Road Dust --- --- --- 87.507 8.751 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.802 0.603 0.001 0.030 0.030 0.103 0.000 0.000 --- 0.000 --- 0.001 96.293 0.005 0.002
   Completion Traffic Road Dust --- --- --- 53.596 5.360 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.553 0.547 0.001 0.021 0.021 0.083 0.001 0.000 --- 0.000 --- 0.001 67.019 0.004 0.002
   Completion Venting and Flaring 9.882 8.301 --- 0.751 0.751 347.013 4.976 4.130 --- 2.755 --- --- 12108.345 3207.025 0.217

Subtotal 11.24 9.45 0.00 141.90 14.91 347.20 4.98 4.13 0.00 2.76 0.00 0.00 12,271.66 3,207.03 0.22
CONSTRUCTION SUBTOTAL1 84.41 346.17 3.51 979.11 101.63 366.34 5.36 4.30 0.00 2.87 0.00 0.05 78,915 3,210 1

Well Pad and Consolidated Facility Emissions --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

C
T
I
O
N

y
   Wind Erosion --- --- --- 55.272 5.527 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 7781.063 778.106 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 71.356 61.144 0.075 2.704 2.704 9.863 0.061 0.020 --- 0.014 --- --- 8601.077 0.431 0.216
   Pad Heaters 236.051 198.283 --- 17.940 17.940 12.983 0.005 0.008 --- --- --- 0.177 283260.857 5.429 5.193
   Produced Water and Condensate Tanks --- --- --- --- --- 6294.869 28.996 --- --- --- 195.763 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.831 0.014 0.022 0.000 0.007 0.105 --- 0.109 0.364 0.000
   Pneumatic Devices --- --- --- --- --- 5307.705 76.070 63.139 0.000 42.121 527.722 --- 4011.183 51475.333 0.000
   Pneumatic Pumps --- --- --- --- --- 0.343 0.005 0.004 0.000 0.003 0.034 --- 0.259 3.330 0.000
   Well Blowdowns --- --- --- --- --- 45.443 0.651 0.541 0.000 0.361 4.518 --- 34.342 440.713 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.666 3.409 --- 0.041 0.041 10.298 0.156 0.128 0.000 0.085 1.054 0.005 1002.847 97.974 0.013

P
R
O
D
U
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T
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   Equipment Leaks --- --- --- --- --- 1100.533 16.993 46.615 1.215 44.198 115.599 --- 531.903 6818.192 0.000

Subtotal 308.07 262.84 0.07 7,857.02 804.32 12,782.87 122.95 110.48 1.22 86.79 844.79 0.18 297,442.58 58,841.77 5.42
Centralized Compression and Processing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Field Compression (2010 Emissions) 1515.387 3030.775 --- --- --- 1060.771 2.088 1.936 0.188 0.873 5.267 250.535 521948.012 5931.227 4.379
   Compressor Station Equipment Leaks --- --- --- --- --- 8.280 0.132 0.468 0.013 0.457 0.891 --- 2.953 37.814 0.000
   Compressor Station Dehydrators 7.194 6.043 --- 0.547 0.547 1106.306 201.496 119.285 --- 36.758 102.762 0.005 8771.514 1781.410 0.158

Subtotal (with 2010 engines) 1,522.58 3,036.82 0.00 0.55 0.55 2,175.36 203.72 121.69 0.20 38.09 108.92 250.54 530,722.48 7,750.45 4.54
PRODUCTION SUBTOTAL 1,830.65 3,299.65 0.07 7,857.57 804.87 14,958.23 326.67 232.17 1.42 124.88 953.72 250.72 828,165.06 66,592.22 10

CONSTRUCTION AND PRODUCTION TOTAL 1,915.06 3,645.82 3.59 8,836.68 906.50 15,324.57 332.03 236.46 1.42 127.75 953.72 250.77 907,080.28 69,802.47 11

T
I
O
N

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of 
well pad construction.
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CRVFO Alternative: Alternative B
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction 

Field Wide Year 2028 Emission Summary (tons/year)

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 4.434 0.443 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 2.717 0.272 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 2.743 0.778 0.010 0.250 0.250 0.254 0.001 0.000 --- 0.000 --- 0.001 184.725 0.009 0.002

D li /C V hi l E h 0 226 0 250 0 000 0 009 0 009 0 037 0 000 0 000 0 000 0 000 27 520 0 002 0 001

Activities (BLM and non-BLM sources)
9/3/2010

Emissions by Source Category

C    Delivery/Commuter Vehicle Exhaust 0.226 0.250 0.000 0.009 0.009 0.037 0.000 0.000 --- 0.000 --- 0.000 27.520 0.002 0.001
Subtotal 2.969 1.027 0.010 7.411 0.974 0.291 0.001 0.001 0.000 0.000 0.000 0.002 212.245 0.010 0.003

Drill Rig Move and Drilling --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Road Dust --- --- --- 1.727 0.173 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.123 0.092 0.000 0.005 0.005 0.016 0.000 0.000 --- 0.000 --- 0.000 14.717 0.001 0.000
   Drilling Traffic Road Dust --- --- --- 85.913 8.591 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 6.305 7.988 0.006 0.253 0.253 1.105 0.012 0.002 --- 0.002 --- 0.013 771.972 0.046 0.026
   Drill Rig Engines - Tier 4b (2015) 39.254 204.123 2.183 1.727 1.727 10.991 0.233 0.102 --- 0.071 --- 0.020 40953.385 1.969 0.442
   Frac Pump Engines - Tier4b 17.8093 92.6081 0.9902 0.7836 0.7836 4.9866 0.1055 0.0462 --- 0.0323 --- 0.0089 18580.0419 0.8935 0.2006

Subtotal (with Tier 4B drill rigs) 63.492 304.81 3.18 90.41 11.53 17.10 0.35 0.15 0.00 0.11 0.00 0.04 60,320.12 2.91 0.67
Completion and Testing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

C
O
N
S
T
R
U
C
T Co p et o a d est g

   Completion Watering Truck Road Dust --- --- --- 9.538 0.954 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.729 0.547 0.001 0.027 0.027 0.094 0.000 0.000 --- 0.000 --- 0.001 87.463 0.004 0.002
   Completion Traffic Road Dust --- --- --- 5.842 0.584 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.503 0.496 0.001 0.019 0.019 0.075 0.001 0.000 --- 0.000 --- 0.001 60.873 0.003 0.002
   Completion Venting and Flaring 5.947 4.995 --- 0.452 0.452 208.821 2.994 2.485 --- 1.658 --- --- 7286.391 1929.879 0.131

Subtotal 7.18 6.04 0.00 15.88 2.04 208.99 3.00 2.49 0.00 1.66 0.00 0.00 7,434.73 1,929.89 0.13
CONSTRUCTION SUBTOTAL1 73.64 311.88 3.19 113.70 14.54 226.38 3.35 2.64 0.00 1.76 0.00 0.04 67,967 1,933 1

Well Pad and Consolidated Facility Emissions --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Wind Erosion --- --- --- 50.204 5.020 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 146.111 14.611 --- --- --- --- --- --- --- --- --- ---

Production Equipment Exhaust 42 083 38 456 0 044 1 608 1 608 6 031 0 041 0 012 0 009 5083 468 0 262 0 134

I
O
N

   Production Equipment Exhaust 42.083 38.456 0.044 1.608 1.608 6.031 0.041 0.012 --- 0.009 --- --- 5083.468 0.262 0.134
   Pad Heaters 214.405 180.100 --- 16.295 16.295 11.792 0.005 0.007 --- --- --- 0.161 257285.893 4.931 4.717
   Produced Water and Condensate Tanks --- --- --- --- --- 3415.144 15.731 --- --- --- 106.207 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.755 0.012 0.020 0.000 0.006 0.095 --- 0.099 0.331 0.000
   Pneumatic Devices --- --- --- --- --- 4820.990 69.094 57.349 0.000 38.258 479.330 --- 3643.358 46755.055 0.000
   Pneumatic Pumps --- --- --- --- --- 0.312 0.004 0.004 0.000 0.002 0.031 --- 0.236 3.024 0.000
   Well Blowdowns --- --- --- --- --- 41.276 0.592 0.491 0.000 0.328 4.104 --- 31.193 400.300 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.605 3.096 --- 0.037 0.037 9.353 0.141 0.116 0.000 0.077 0.958 0.004 910.886 88.990 0.012
   Equipment Leaks --- --- --- --- --- 999.614 15.435 42.340 1.104 40.145 104.999 --- 483.128 6192.965 0.000

Subtotal 257.09 221.65 0.04 214.25 37.57 9,305.27 101.06 100.34 1.10 78.83 695.72 0.16 267,438.26 53,445.86 4.86
Centralized Compression and Processing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Fi ld C i (2010 E i i ) 792 967 1585 935 555 077 1 092 1 013 0 099 0 457 2 756 131 099 273123 393 3103 675 2 291

P
R
O
D
U
C
T
I
O

   Field Compression (2010 Emissions) 792.967 1585.935 --- --- --- 555.077 1.092 1.013 0.099 0.457 2.756 131.099 273123.393 3103.675 2.291
   Compressor Station Equipment Leaks --- --- --- --- --- 7.521 0.120 0.425 0.012 0.415 0.810 --- 2.682 34.347 0.000
   Compressor Station Dehydrators 6.534 5.489 --- 0.497 0.497 621.637 113.196 67.012 --- 20.650 57.730 0.005 7919.070 1000.817 0.144

Subtotal (with 2010 engines) 799.50 1,591.42 0.00 0.50 0.50 1,184.24 114.41 68.45 0.11 21.52 61.30 131.10 281,045.15 4,138.84 2.43
PRODUCTION SUBTOTAL 1,056.59 1,813.08 0.04 214.75 38.07 10,489.50 215.46 168.79 1.21 100.35 757.02 131.27 548,483.41 57,584.70 7

CONSTRUCTION AND PRODUCTION TOTAL 1,130.23 2,124.95 3.23 328.45 52.61 10,715.88 218.81 171.43 1.21 102.11 757.02 131.31 616,450.49 59,517.50 8

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad 
construction.

O
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CRVFO Alternative: Alternative C
Phase: Construction and Production

Activity: All
Emissions:

Field Wide Year 2028 Emission Summary (tons/year)

Emissions From All Production and Construction 
A ti iti (BLM d BLM )

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 4.434 0.443 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 2.717 0.272 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 2.743 0.778 0.010 0.250 0.250 0.254 0.001 0.000 --- 0.000 --- 0.001 184.725 0.009 0.002

Delivery/Commuter Vehicle Exhaust 0 226 0 250 0 000 0 009 0 009 0 037 0 000 0 000 0 000 0 000 27 520 0 002 0 001

9/3/2010

Emissions by Source Category

C

Activities (BLM and non-BLM sources)

   Delivery/Commuter Vehicle Exhaust 0.226 0.250 0.000 0.009 0.009 0.037 0.000 0.000 --- 0.000 --- 0.000 27.520 0.002 0.001
Subtotal 2.969 1.027 0.010 7.411 0.974 0.291 0.001 0.001 0.000 0.000 0.000 0.002 212.245 0.010 0.003

Drill Rig Move and Drilling --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Road Dust --- --- --- 1.727 0.173 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.123 0.092 0.000 0.005 0.005 0.016 0.000 0.000 --- 0.000 --- 0.000 14.717 0.001 0.000
   Drilling Traffic Road Dust --- --- --- 85.913 8.591 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 6.305 7.988 0.006 0.253 0.253 1.105 0.012 0.002 --- 0.002 --- 0.013 771.972 0.046 0.026
   Drill Rig Engines - Tier 4b (2015) 39.254 204.123 2.183 1.727 1.727 10.991 0.233 0.102 --- 0.071 --- 0.020 40953.385 1.969 0.442
   Frac Pump Engines - Tier4b 17.8093 92.6081 0.9902 0.7836 0.7836 4.9866 0.1055 0.0462 --- 0.0323 --- 0.0089 18580.0419 0.8935 0.2006

Subtotal (with Tier 4B drill rigs) 63.492 304.81 3.18 90.41 11.53 17.10 0.35 0.15 0.00 0.11 0.00 0.04 60,320.12 2.91 0.67
Completion and Testing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

C
O
N
S
T
R
U
C
T
I    Completion Watering Truck Road Dust --- --- --- 9.538 0.954 --- --- --- --- --- --- --- --- --- ---

   Completion Watering Truck Vehicle Exhaust 0.729 0.547 0.001 0.027 0.027 0.094 0.000 0.000 --- 0.000 --- 0.001 87.463 0.004 0.002
   Completion Traffic Road Dust --- --- --- 5.842 0.584 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.503 0.496 0.001 0.019 0.019 0.075 0.001 0.000 --- 0.000 --- 0.001 60.873 0.003 0.002
   Completion Venting and Flaring 5.947 4.995 --- 0.452 0.452 208.821 2.994 2.485 --- 1.658 --- --- 7286.391 1929.879 0.131

Subtotal 7.18 6.04 0.00 15.88 2.04 208.99 3.00 2.49 0.00 1.66 0.00 0.00 7,434.73 1,929.89 0.13
CONSTRUCTION SUBTOTAL1 73.64 311.88 3.19 113.70 14.54 226.38 3.35 2.64 0.00 1.76 0.00 0.04 67,967 1,933 1

Well Pad and Consolidated Facility Emissions --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Wind Erosion --- --- --- 50.204 5.020 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 146.111 14.611 --- --- --- --- --- --- --- --- --- ---

Production Equipment Exhaust 42.083 38.456 0.044 1.608 1.608 6.031 0.041 0.012 --- 0.009 --- --- 5083.468 0.262 0.134

I
O
N

P    Production Equipment Exhaust 42.083 38.456 0.044 1.608 1.608 6.031 0.041 0.012 --- 0.009 --- --- 5083.468 0.262 0.134
   Pad Heaters 214.405 180.100 --- 16.295 16.295 11.792 0.005 0.007 --- --- --- 0.161 257285.893 4.931 4.717
   Produced Water and Condensate Tanks --- --- --- --- --- 3415.144 15.731 --- --- --- 106.207 --- --- --- ---
   Truck Loading --- --- --- --- --- 0.755 0.012 0.020 0.000 0.006 0.095 --- 0.099 0.331 0.000
   Pneumatic Devices --- --- --- --- --- 4820.990 69.094 57.349 0.000 38.258 479.330 --- 3643.358 46755.055 0.000
   Pneumatic Pumps --- --- --- --- --- 0.312 0.004 0.004 0.000 0.002 0.031 --- 0.236 3.024 0.000
   Well Blowdowns --- --- --- --- --- 41.276 0.592 0.491 0.000 0.328 4.104 --- 31.193 400.300 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.605 3.096 --- 0.037 0.037 9.353 0.141 0.116 0.000 0.077 0.958 0.004 910.886 88.990 0.012
   Equipment Leaks --- --- --- --- --- 999.614 15.435 42.340 1.104 40.145 104.999 --- 483.128 6192.965 0.000

Subtotal 257.09 221.65 0.04 214.25 37.57 9,305.27 101.06 100.34 1.10 78.83 695.72 0.16 267,438.26 53,445.86 4.86
Centralized Compression and Processing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Field Compression (2010 Emissions) 792 967 1585 935 555 077 1 092 1 013 0 099 0 457 2 756 131 099 273123 393 3103 675 2 291

P
R
O
D
U
C
T
I
O

   Field Compression (2010 Emissions) 792.967 1585.935 --- --- --- 555.077 1.092 1.013 0.099 0.457 2.756 131.099 273123.393 3103.675 2.291
   Compressor Station Equipment Leaks --- --- --- --- --- 7.521 0.120 0.425 0.012 0.415 0.810 --- 2.682 34.347 0.000
   Compressor Station Dehydrators 6.534 5.489 --- 0.497 0.497 621.637 113.196 67.012 --- 20.650 57.730 0.005 7919.070 1000.817 0.144

Subtotal (with 2010 engines) 799.50 1,591.42 0.00 0.50 0.50 1,184.24 114.41 68.45 0.11 21.52 61.30 131.10 281,045.15 4,138.84 2.43
PRODUCTION SUBTOTAL 1,056.59 1,813.08 0.04 214.75 38.07 10,489.50 215.46 168.79 1.21 100.35 757.02 131.27 548,483.41 57,584.70 7

CONSTRUCTION AND PRODUCTION TOTAL 1,130.23 2,124.95 3.23 328.45 52.61 10,715.88 218.81 171.43 1.21 102.11 757.02 131.31 616,450.49 59,517.50 8

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad 
construction.
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CRVFO Alternative: Alternative D
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction 

A ti iti (BLM d BLM )

Field Wide Year 2028 Emission Summary (tons/year)

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 6.334 0.633 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 3.882 0.388 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 3.919 1.111 0.014 0.358 0.358 0.363 0.001 0.001 --- 0.000 --- 0.002 263.887 0.013 0.003

Delivery/Commuter Vehicle Exhaust 0 323 0 357 0 000 0 013 0 013 0 052 0 000 0 000 0 000 0 001 39 314 0 002 0 001

Activities (BLM and non-BLM sources)
9/3/2010

Emissions by Source Category

C    Delivery/Commuter Vehicle Exhaust 0.323 0.357 0.000 0.013 0.013 0.052 0.000 0.000 --- 0.000 --- 0.001 39.314 0.002 0.001
Subtotal 4.242 1.468 0.014 10.586 1.392 0.415 0.002 0.001 0.000 0.001 0.000 0.002 303.201 0.015 0.004

Drill Rig Move and Drilling --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Road Dust --- --- --- 2.467 0.247 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.175 0.132 0.000 0.007 0.007 0.023 0.000 0.000 --- 0.000 --- 0.000 21.024 0.001 0.000
   Drilling Traffic Road Dust --- --- --- 122.730 12.273 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 9.007 11.412 0.009 0.362 0.362 1.579 0.016 0.003 --- 0.002 --- 0.019 1102.797 0.066 0.037
   Drill Rig Engines - Tier 4b (2015) 56.077 291.599 3.118 2.467 2.467 15.701 0.332 0.145 --- 0.102 --- 0.028 58503.769 2.813 0.632
   Frac Pump Engines - Tier4b 25.4413 132.2949 1.4145 1.1194 1.1194 7.1236 0.1507 0.0660 --- 0.0462 --- 0.0127 26542.4328 1.2763 0.2865

Subtotal (with Tier 4B drill rigs) 90.701 435.44 4.54 129.15 16.47 24.43 0.50 0.21 0.00 0.15 0.00 0.06 86,170.02 4.16 0.96
Completion and Testing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

C
O
N
S
T
R
U
C
T
I    Completion Watering Truck Road Dust --- --- --- 13.625 1.363 --- --- --- --- --- --- --- --- --- ---

   Completion Watering Truck Vehicle Exhaust 1.041 0.782 0.001 0.039 0.039 0.134 0.001 0.000 --- 0.000 --- 0.001 124.945 0.006 0.003
   Completion Traffic Road Dust --- --- --- 8.345 0.835 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.718 0.709 0.001 0.028 0.028 0.108 0.001 0.000 --- 0.000 --- 0.001 86.960 0.005 0.002
   Completion Venting and Flaring 8.195 6.884 --- 0.623 0.623 287.779 4.127 3.425 --- 2.285 --- --- 10041.501 2659.599 0.180

Subtotal 9.95 8.38 0.00 22.66 2.89 288.02 4.13 3.43 0.00 2.29 0.00 0.00 10,253.41 2,659.61 0.19
CONSTRUCTION SUBTOTAL1 104.90 445.28 4.56 162.40 20.75 312.86 4.63 3.64 0.00 2.44 0.00 0.06 96,727 2,664 1

Well Pad and Consolidated Facility Emissions --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Wind Erosion --- --- --- 71.718 7.172 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 402.213 40.221 --- --- --- --- --- --- --- --- --- ---

Production Equipment Exhaust 66 382 59 643 0 069 2 531 2 531 9 422 0 063 0 019 --- 0 014 --- --- 8014 085 0 410 0 208

I
O
N

P    Production Equipment Exhaust 66.382 59.643 0.069 2.531 2.531 9.422 0.063 0.019 --- 0.014 --- --- 8014.085 0.410 0.208
   Pad Heaters 306.287 257.281 --- 23.278 23.278 16.846 0.006 0.010 --- --- --- 0.230 367544.571 7.045 6.738
   Produced Water and Condensate Tanks --- --- --- --- --- 4878.628 22.472 --- --- --- 151.719 --- --- --- ---
   Truck Loading --- --- --- --- --- 1.079 0.018 0.029 0.000 0.009 0.136 --- 0.141 0.472 0.000
   Pneumatic Devices --- --- --- --- --- 6887.003 98.704 81.926 0.000 54.654 684.745 --- 5204.703 66791.718 0.000
   Pneumatic Pumps --- --- --- --- --- 0.446 0.006 0.005 0.000 0.004 0.044 --- 0.337 4.321 0.000
   Well Blowdowns --- --- --- --- --- 58.964 0.845 0.701 0.000 0.468 5.863 --- 44.561 571.847 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.864 4.423 --- 0.053 0.053 13.362 0.202 0.166 0.000 0.111 1.368 0.006 1301.243 127.126 0.017
   Equipment Leaks --- --- --- --- --- 1427.994 22.050 60.485 1.577 57.349 149.995 --- 690.170 8846.932 0.000

Subtotal 373.53 321.35 0.07 499.79 73.25 13,293.74 144.37 143.34 1.58 112.61 993.87 0.24 382,799.81 76,349.87 6.96
Centralized Compression and Processing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Field Compression (2010 Emissions) 1549 531 3099 062 1084 672 2 135 1 980 0 193 0 893 5 386 256 180 533708 272 6064 867 4 477

P
R
O
D
U
C
T
I
O

   Field Compression (2010 Emissions) 1549.531 3099.062 --- --- --- 1084.672 2.135 1.980 0.193 0.893 5.386 256.180 533708.272 6064.867 4.477
   Compressor Station Equipment Leaks --- --- --- --- --- 10.744 0.171 0.607 0.017 0.592 1.157 --- 3.832 49.066 0.000
   Compressor Station Dehydrators 9.334 7.841 --- 0.709 0.709 888.027 161.704 95.729 --- 29.499 82.468 0.007 11312.750 1429.696 0.205

Subtotal (with 2010 engines) 1,558.87 3,106.90 0.00 0.71 0.71 1,983.44 164.01 98.32 0.21 30.98 89.01 256.19 545,024.85 7,543.63 4.68
PRODUCTION SUBTOTAL 1,932.40 3,428.25 0.07 500.50 73.96 15,277.19 308.38 241.66 1.79 143.59 1,082.88 256.42 927,824.66 83,893.50 12

CONSTRUCTION AND PRODUCTION TOTAL 2,037.30 3,873.53 4.63 662.90 94.72 15,590.05 313.01 245.30 1.79 146.03 1,082.88 256.49 1,024,551.29 86,557.28 13

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad 
construction.
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CRVFO Total Emissions By Year — Alternative A

Estimated Number of Drill Rigs Each Year NOTE:  These totals are simplified totals and assume that all oil and gas facilities are on BLM land.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58 7.58

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Average wells drilled by rig per year (final yea 52.14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 851 959 998 998 1,025 844 788 748 482 453 404 404 394 391 388 388 388 391 384 395
Total Producing Wells 851 1,811 2,809 3,807 4,831 5,675 6,463 7,211 7,693 8,146 8,550 8,954 9,348 9,739 10,127 10,514 10,902 11,293 11,677 12,072

Estimated Construction Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 100% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 1,074.59 1,211.30 1,260.06 1,260.06 1,293.52 1,065.02 829.85 630.64 304.92 191.70 86 86 84 83 83 83 83 83 82 84
VOC 1,021.51 1,151.47 1,197.82 1,197.82 1,229.63 1,012.42 911.00 831.32 513.71 462.86 391.22 387.11 372.95 366.11 359.33 359.33 359.33 362.13 355.82 366.34

Year

Year

Year

VOC 1,021.51 1,151.47 1,197.82 1,197.82 1,229.63 1,012.42 911.00 831.32 513.71 462.86 391.22 387.11 372.95 366.11 359.33 359.33 359.33 362.13 355.82 366.34

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressors 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressors 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

NOX 235.91 274.56 425.91 577.26 732.63 860.55 980.09 1,093.55 1,166.58 1,235.25 1,296.57 1,357.89 1,417.60 1,476.86 1,535.65 1,594.44 1,653.24 1,712.49 1,770.71 1,830.65
VOC 1,086.11 2,242.21 3,478.19 4,714.17 5,982.98 7,027.66 8,003.88 8,930.39 9,526.82 10,087.60 10,588.37 11,089.14 11,576.78 12,060.67 12,540.81 13,020.95 13,501.09 13,984.98 14,460.43 14,949.95

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NOX 1,310 1,486 1,686 1,837 2,026 1,926 1,810 1,724 1,472 1,427 1,383 1,444 1,502 1,560 1,618 1,677 1,736 1,796 1,853 1,915
VOC 2,108 3,394 4,676 5,912 7,213 8,040 8,915 9,762 10,041 10,550 10,980 11,476 11,950 12,427 12,900 13,380 13,860 14,347 14,816 15,316

Year

Year
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CRVFO Total Emissions By Year — Alternative B and C

Estimated Number of Drill Rigs Each Year NOTE:  These totals are simplified totals and assume that all oil and gas facilities are on BLM land.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Year

Average wells drilled by rig per year (final year) 52.143

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 773 871 907 907 931 766 716 680 437 411 367 367 358 355 352 352 352 355 349 359
Total Producing Wells 773 1,645 2,551 3,458 4,388 5,154 5,870 6,550 6,987 7,399 7,766 8,133 8,491 8,846 9,198 9,550 9,902 10,257 10,606 10,965

Estimated Construction Emissions (tons/yr)

Year

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 957.11 164.74 171.37 171.37 175.92 144.84 135.35 128.46 82.69 77.75 69.43 69.43 67.61 67.09 66.57 66.57 66.57 67.09 65.92 67.87
VOCs 262.72 102.24 106.36 106.36 109.18 89.89 84.00 79.73 51.32 48.26 39.36 35.62 31.05 27.20 23.41 23.41 23.41 23.59 23.18 23.86

Year

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressor 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Year

NOX 16.41 34.91 54.15 73.39 93.14 109.40 124.60 139.02 148.31 157.04 164.84 172.63 180.22 187.76 195.23 202.71 210.18 217.71 225.11 232.74
VOCs 442.27 940.81 1,459.41 1,978.02 2,510.39 2,948.73 3,358.34 3,747.10 3,997.35 4,232.65 4,442.77 4,652.88 4,857.49 5,060.53 5,261.99 5,463.45 5,664.91 5,867.95 6,067.44 6,272.83

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NOX 974 200 226 245 269 254 260 267 231 235 234 242 248 255 262 269 277 285 291 301

Year

NOX 974 200 226 245 269 254 260 267 231 235 234 242 248 255 262 269 277 285 291 301
VOCs 705 1,043 1,566 2,084 2,620 3,039 3,442 3,827 4,049 4,281 4,482 4,689 4,889 5,088 5,285 5,487 5,688 5,892 6,091 6,297
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CRVFO Total Emissions By Year — Alternative D — Assumes All Sources on Federal Landy

Estimated Number of Drill Rigs Each Year NOTE:  These totals are simplified totals and assume that all oil and gas facilities are on BLM land.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84 9.84
Rounded Number of Rigs 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Year

Average wells drilled by rig per year (final year) 52.143

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 1,104 1,245 1,295 1,295 1,329 1,095 1,023 971 625 588 525 525 511 507 503 503 503 507 498 513
Total Producing Wells 1,104 2,349 3,644 4,939 6,269 7,363 8,386 9,357 9,982 10,569 11,094 11,619 12,130 12,637 13,140 13,643 14,146 14,653 15,151 15,664

Estimated Construction Emissions (tons/yr)

Year

( y )

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 100% 100% 100% 100% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 1,367.27 1,541.22 1,603.26 1,603.26 1,645.83 1,355.10 193.36 183.51 118.13 111.07 99.19 99.19 96.59 95.84 95.10 95.10 95.10 95.84 94.17 96.96
VOCs 375.31 423.06 440.09 440.09 451.78 371.97 120.00 113.89 73.32 68.94 56.22 50.88 44.35 38.85 33.44 33.44 33.44 33.70 33.11 34.09

Year

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressor 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

NO 163 12 199 53 309 52 419 51 532 43 625 39 712 27 794 72 847 79 897 70 942 26 986 82 1 030 22 1 073 28 1 116 01 1 158 74 1 201 46 1 244 52 1 286 83 1 330 40

Year

NOX 163.12 199.53 309.52 419.51 532.43 625.39 712.27 794.72 847.79 897.70 942.26 986.82 1,030.22 1,073.28 1,116.01 1,158.74 1,201.46 1,244.52 1,286.83 1,330.40
VOCs 701.25 1,447.49 2,245.39 3,043.30 3,862.39 4,536.80 5,167.01 5,765.13 6,150.16 6,512.18 6,835.46 7,158.74 7,473.54 7,785.93 8,095.89 8,405.85 8,715.81 9,028.19 9,335.12 9,651.13

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NOX 1,530 1,741 1,913 2,023 2,178 1,980 906 978 966 1,009 1,041 1,086 1,127 1,169 1,211 1,254 1,297 1,340 1,381 1,427
VOC 1 077 1 871 2 685 3 483 4 314 4 909 5 287 5 879 6 223 6 581 6 892 7 210 7 518 7 825 8 129 8 439 8 749 9 062 9 368 9 685

Year

VOCs 1,077 1,871 2,685 3,483 4,314 4,909 5,287 5,879 6,223 6,581 6,892 7,210 7,518 7,825 8,129 8,439 8,749 9,062 9,368 9,685
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  Development Scenario Alternative A Alternative B Alternative C Alternative D
  Wells Developed Over 20 Years 4,603 9,191 15,042 21,200
     Wells on Non-BLM Lands 535 1,061 1,738 2,441
     Wells on BLM Lands 4,068 8,130 13,304 18,759
  Number of Well Pads 550 1,100 1,800 2,556
  Typical Wells Per Pad 8 8 8 8
  Maximum Additional Drill Rigs 24 47 77 108
  Maximum Gas Production (MMscfd) 1,350 2,700 4,500 6,300
  Gas Production Per Well (MMscfd/well) 0.293 0.294 0.299 0.297
  Gas Production at Well Pad (MMscfd/well pad) 2.346 2.350 2.393 2.377
  Maximum Wells Constructed in Single Year 263 666 1,194 1,661

  Gas Processing Alternative A Alternative B Alternative C Alternative D
  Additional Gas From I-70 Corridor (MMscfd) 3,000 3,000 3,000 3,000
  Total Gas Processing Needed (MMscfd) 4,350 5,700 7,500 9,300
  Assumed Gas Processing Plant Size (MMscfd) 2,175 2,850 3,750 3,100
  Number of Gas Processing Plants on BLM land 2 2 2 3

  Field Compression Alternative A Alternative B Alternative C Alternative D
  Assumed Field Compressor Station Throughput (MMscfd) 84.50 180 180 180
  Number of Field Compressor Stations * 16 15 25 35
  Compressor Stations on BLM Land 7 13 15 21

Emission Source Controlled Pollutant Alt. A -- Control Efficiency1 (%) Alt. B -- Control Efficiency1 (%) Alt. C -- Control Efficiency1 (%) Alt. D -- Control Efficiency1 (%)
Local Roads PM10, PM2.5 50 84 84 84

Resource Roads PM10, PM2.5 50 80 80 80
Construction Activities PM10, PM2.5 50 50 50 50
Compressor Engines2 All (due to electrification) 0 0 0 50

Well Completion VOC, HAP 47.5 100 100 100
Glycol Dehydrators3 VOC, HAP 0 90 90 90

Condensate and 
Produced Water Tanks3 VOC, HAP 0 95 95 95

Emission Source Controlled Pollutant Alternative A Methods Alternative B Methods Alternative C Methods Alternative D Methods
Local Roads PM10, PM2.5 Watering or chemical suppression. Watering or chemical suppression. Watering or chemical suppression. Watering or chemical suppression.

Resource Roads PM10, PM2.5 Watering. Watering or chemical suppression. Watering or chemical suppression. Watering or chemical suppression.
Construction Activities PM10, PM2.5 Watering or chemical suppression. Watering or chemical suppression. Watering or chemical suppression. Watering or chemical suppression.

Drill Rig Engines SO2 Ultra-low sulfur diesel fuel (15 ppm). Ultra-low sulfur diesel fuel (15 ppm). Ultra-low sulfur diesel fuel (15 ppm). Ultra-low sulfur diesel fuel (15 ppm).

Drill Rig Engines NOx, PM10, PM2.5, VOC
Turnover and transitioning to Tier 4 
engines (or better); all Tier 4 engines 
beginning in 2019.

All engines meet Tier 4 standards. All engines meet Tier 4 standards. All engines meet Tier 4 standards.

Frac Pump Engines NOx, PM10, PM2.5, VOC
Turnover and transitioning to Tier 4 
engines (or better); all Tier 4 engines 
beginning in 2019.

All engines meet Tier 4 standards. All engines meet Tier 4 standards. All engines meet Tier 4 standards.

Well Completion VOC, HAP
No green completion. Of emitted gas, 
50% is vented and 50% is flared with 
95% control of flared gas.

Green completion for 95% of wells. Green completion for 95% of wells. Green completion for 95% of wells.

Compressor Engines2 CO, NOx, VOC Meet EPA and Colorado standards. Meet EPA and Colorado standards. Meet EPA and Colorado standards. Meet EPA and Colorado standards.

Compressor Engines2 All No electrification at compressor 
stations.

No electrification at compressor 
stations.

No electrification at compressor 
stations.

50% of compressor engines at 
compressor stations will be electrified 
(no emissions).

Glycol Dehydrators3 VOC, HAP Meet EPA and Colorado standards.  90% control. 90% control. 90% control.
Condensate and 

Produced Water Tanks3 VOC, HAP No control, unless required by EPA or 
Colorado regulations. 95% control. 95% control. 95% control.

1

2

3 Equipment located at major sources of air pollution could be subject to more stringent control, as determined by CDPHE on a case-by-case basis.

Control efficiency is based on "add-on" controls compared to uncontrolled emissions.  Control efficiencies are not included for equipment subject to emission limits imposed on engine manufacturers.
Compressor engines will meet engine manufacturer emission control standards in accordance federal and state regulations.  These controls are reflected in the emission factors used to calculate emissions; consequently, zero emission control is shown for most compressor 
engines.  However, in-field compressor engine emissions may be avoided by use of electrically-powered compressors.  Alternative D management actions require electrification of at least 50 percent of all compression at compressor stations.  This requirement is accounted 
for by including 50 percent "control" of all emissions associated with compressor engines at compressor stations.

9/3/2010
White River Field Office

Alternative Description

Emission Controls
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WRFO Alternative: All
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Actitivty Description on WRFO BLM and non-BLM Land

Total

Fraction 
on BLM 

Land

On 
BLM 
Land

On Non-
BLM 
Land Total

Fraction 
on BLM 

Land
On BLM 

Land

On Non-
BLM 
Land Total

Fraction 
on BLM 

Land
On BLM 

Land

On Non-
BLM 
Land Total

Fraction 
on BLM 

Land

On 
BLM 
Land

On Non-
BLM Land

263 0.8821 232 31 666 0.8844 589 77 1,194 0.8844 1,056 138 1,661 0.8850 1,470 191
24 0.8837 21 3 47 0.8846 42 5 77 0.8845 68 9 108 0.8849 96 12

4,603 0.8837 4,068 535 9,191 0.8846 8,130 1,061 15,042 0.8845 13,304 1,738 21,200 0.8849 18,759 2,441
8 0.8750 7 1 15 0.8667 13 2 25 0.6000 15 10 35 0.6000 21 14
3 0.6667 2 1 3 0.6667 2 1 3 0.6667 2 1 4 0.7500 3 1

1 Approximate locations of wells, drill rigs, and compressor stations on BLM and non-BLM lands were provided by the BLM.
2 All gas plants are conservatively assumed to be located on BLM land.

Total Project (BLM WRFO) and Non-Project Emissions

NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene
Ethyl-

benzene Xylene Hexane Form. CO2 CH4 N2O CO2e

CO2e 
(metric 

tons/yr) 1

BLM 2,181 4,016 8 4,174 512 17,052 248 201 2 97 430 186 1,613,422 42,880 11 2,517,199 2,284,210
Non-BLM 287 529 1 550 67 2,244 33 26 0 13 57 24 212,402 5,645 1 331,373 300,702
Total 2,468 4,545 9 4,724 580 19,295 281 227 3 110 487 210 1,825,824 48,525 12 2,848,572 2,584,912
BLM 3,710 7,249 15 984 227 9,611 164 216 4 122 429 371 2,511,556 65,198 18 3,886,248 3,526,541
Non-BLM 574 1,073 2 1,115 136 4,462 65 52 1 25 112 48 426,273 11,316 3 664,785 603,253
Total 4,285 8,322 17 2,099 364 14,073 229 268 4 148 541 420 2,937,829 76,514 21 4,551,033 4,129,794
BLM 5,835 11,611 24 2,234 401 14,604 239 309 5 179 673 619 3,719,230 97,561 28 5,776,628 5,241,949
Non-BLM 945 1,776 4 1,845 226 7,322 107 86 1 42 184 79 702,356 18,635 5 1,095,152 993,786
Total 6,780 13,388 28 4,079 627 21,926 346 395 6 220 857 698 4,421,586 116,196 32 6,871,780 6,235,735
BLM 5,284 10,626 32 2,257 450 17,092 314 400 6 235 920 434 3,005,754 120,580 22 5,544,669 5,031,460
Non-BLM 1,326 2,491 5 2,587 316 10,281 150 121 1 59 258 111 985,525 26,151 7 1,536,731 1,394,493
Total 6,610 13,116 37 4,843 766 27,373 464 521 8 294 1,178 545 3,991,279 146,731 28 7,081,400 6,425,953

1 CO2 equivalent (CO2e) is calculated by multiplying each GHG by its Global Warming Potential.  Global Warming Potential from 40 CFR Part 98, Subpart A, Table A-1. (CO 2 = 1; CH4 = 21; N2O = 310)

Emissions (ton/yr)

2028 Activity
Wells Constructed During 2028 1

Drill Rigs Operating During 2028 1

Wells Operating During 2028 1

Operating Compressor Stations 1

Operating Gas Plants (CTFs) 2

Alternative C

Alternative D

Alternative A

Alternative B

Year 2028 WRFO BLM and Non-BLM Emission Summary (tons)

Alternative B Alternative C

9/3/2010

Alternative A Alternative D
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WRFO Alternative: All
Phase: Construction and Production

Activity: All
Date: 9/3/2010

Source Description Alt. A Alt. B Alt. C Alt. D Alt. A Alt. B Alt. C Alt. D

Land Disturbance From Well Pad, Resource Road to Well 
Pad, an equal portion of the divided Local Road for each well 
pad, an equal portion of the divided area for other associated 
infrastructure, and pipeline disturbance per pad (acres) 11 11 11 11 1 1 1 1
Ratio of Months with Frozen or Muddy Roads 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vehicle Road Dust Local Road -- Control Percent (%) 50 84 84 84 0.5 0.16 0.16 0.16
Vehicle Road Dust Resource Road -- Control Percent (%) 50 80 80 80 0.5 0.2 0.2 0.2
Well Count Per Pad 8 8 8 8 8 8 8 8
Condensate Tank -- Control Percent (%) 0 95 95 95 1 0.05 0.05 0.05
Produced Water Tank -- Control Percent (%) 0 95 95 95 1 0.05 0.05 0.05
Glycol Dehydrator -- Control Percent (%) 0 90 90 90 1 0.1 0.1 0.1
Percent of producing wells that are recompleted each year 
(%) 1 1 1 1 46.03 91.91 150.42 212
Number of pneumatic pumps for all gas plants 0 0 0 0 0.0 0.0 0.0 0.0
Number of pneumatic pumps for all compressor stations 0 0 0 0 0.0 0.0 0.0 0.0
Number of pneumatic pumps for all consolidated field 
facilities 0 0 0 0 0.0 0.0 0.0 0.0
Number of pneumatic pumps per well --- --- --- --- 1.0 1.0 1.0 1.0

Well Completion percentage of wells with green completion 0 95 95 95 1.00 0.05 0.05 0.05
Well Pad Wind Erosion Emissions During Production -- 
Control Percent (%) 50 50 50 50 0.4785 0.4785 0.4785 0.4785
For Production Operations -- percentage of produced water 
that is trucked 60 10 20 10 0.6 0.1 0.2 0.1
For Production Operations -- percentage of facilities 
consolidated 40 90 80 90 0.6 0.1 0.2 0.1
Electrification of Compressor Engines at Compressor 
Stations (%) 0 0 0 50 1.0 1.0 1.0 0.5

Scaling Factors for WRFO Alternatives

NOTE:  These scaling factors are used throughout the emission 
calculation worksheets in order to streamline alternative-specific 
calculations.

Parameter Value (Units shown at left)

Scaling Factor for Alternative Calculations 
(Units are number of wells, number of 

sources, or percentage)
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WRFO Alternative: All
Phase: Construction

Activity: Well Pad Construction
Emissions: Fugitive Particulate Emissions

from Well Pad and Resource Road Construction
Date: 9/3/2010

Well Pad, 
Resource 

Road, Local 
Road Area 1

Construction 
Activity TSP 

Emission Factor2
Construction Activity 

Duration
Construction 

Activity Duration
Manual Emission 
Control Efficiency

Rainfall 
Emission 
Control 

Efficiency3
PM10 Emissions 

(controlled)
PM2.5 Emissions 

(controlled)4
Wells per 
Well Pad

PM10 Emissions 
(controlled)

PM2.5 

Emissions 
(controlled)

(acre) (tons/acre-month) (days/well pad) (hours/day) (%) (%) (lb/well pad) (lb/well pad) (lb/well) (lb/well)

11.0 1.2 7.5 12 50 100 389.35 38.94 8 48.67 4.87

Well Pad Construction Emissions (lb/well/day) 6.49 0.65 0.81 0.08

1

2

3 Frequency is 4.3% of annual hours have measurable precipitation -- Western Regional Climate Center (http://www.wrcc.dri.edu/htmlfiles/hrsofppt.html).
4

AP-42 (EPA 2006), Section 13.2.3, "Heavy Construction Operations".

Assuming that PM2.5 accounts for 10% of PM10 based on "Analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Land Disturbance From Well Pad, Resource Road, and Local Road Construction

Total disturbance area per well pad is estimated to be 7.25 acres for the well pad, 1.0 acre for a portion of compressor station and central treating facility (CTF), 1.75 acres for resource road and 
portion of local road area, and 1 acre for a portion of pipeline disturbance.
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WRFO Alternative: All

Phase: Construction

Activity: Well Pad/Resource Road

Emissions: Fugitive Particulate From Well 

Pad and Resource Road Construction

Traffic on Unpaved Roads

Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/pad) (miles) (VMT/pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/pad) (lb/pad)

Low boy hauler Local water/chemical 85,000 25 20 4 10 40 0.5 0 3.92 0.39 156.62 15.66

Resource water 85,000 25 20 4 0.8 3.2 0.5 0 3.92 0.39 12.53 1.25

Gravel haul trucks Local water/chemical 54,000 25 20 45 10 450 0.5 0 3.19 0.32 1436.64 143.66

Resource water 54,000 25 20 45 0.8 36 0.5 0 3.19 0.32 114.93 11.49

Fuel tanker Local water/chemical 54,000 25 20 1 10 10 0.5 0 3.19 0.32 31.93 3.19

Resource water 54,000 25 20 1 0.8 0.8 0.5 0 3.19 0.32 2.55 0.26

Water tanker (100 bbl) Local water/chemical 54,000 25 20 15 10 150 0.5 0 3.19 0.32 478.88 47.89

Resource water 54,000 25 20 15 0.8 12 0.5 0 3.19 0.32 38.31 3.83

Light trucks/pickups Local water/chemical 8,000 35 20 22 10 220 0.5 0 1.35 0.14 297.42 29.74

Resource water 8,000 35 20 22 0.8 17.6 0.5 0 1.35 0.14 23.79 2.38

 Total Unpaved Road Traffic Emissions (lb/pad) 2,593.60 259.36

Wells per Pad 8 8

 Total Unpaved Road Traffic Emissions (lb/well) 324.20 32.42

1

2

3

4

5

6
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
Calculated as lb/VMT x VMT/pad x control efficiency.

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).
Calculated as Round Trips per Vehicle Type x Round Trip Distance.

Vehicle Road Dust From Well Pad/Resource Road Construction

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
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WRFO Alternative: All
Phase: Construction

Activity: Well Pad/Resource Road
Emissions: Diesel Combustion Emissions

 from Heavy Equipment Exhaust
Date:

Heavy 
Equipment

Engine 
Horsepower

Operating 
Load Factor1 Pollutant Emission Factor

Construction 
Activity 

Duration Pollutant Emissions

(hp) (hr)

CO NOx SO2 VOC PM10
4 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10

4 CO2 CH4 N2O Form. Benzene Toluene Xylene

Backhoe2 100 0.4 2.45 7.46 0.027 0.55 0.789 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 9 1.94 5.92 0.02 0.44 0.63 414.37 0.02 0.00 0.00 0.00 0.00 0.00

Motor 
Grader2 165 0.4 2.45 7.46 0.027 0.55 0.789 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 12 4.28 13.03 0.05 0.96 1.38 911.60 0.04 0.01 0.01 0.01 0.00 0.00

D8 Dozer3 300 0.4 2.15 7.81 0.027 0.75 0.692 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 50 28.44 103.31 0.36 9.92 9.15 6906.08 0.33 0.07 0.05 0.04 0.02 0.01

Total Heavy Equipment Exhaust Emissions (lb/well pad) 34.66 122.25 0.43 11.32 11.16 8232.05 0.40 0.09 0.06 0.05 0.02 0.01

Wells per Pad 8 8 8 8 8 8 8 8 8 8 8 8

Total Heavy Equipment Exhaust Emissions (lb/well) 4.33 15.28 0.05 1.41 1.39 1029.01 0.05 0.01 0.01 0.01 0.00 0.00

1

2

3

4

5

6

7

8

9 Based on N2O emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

PM2.5 assumed equivalent to PM10 for combustion sources.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-hr = pounds per horsepower-hour.
Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; converted to g/hp-hr.

Well Pad/Resource Road Heavy Construction Equipment Exhaust

Taken from "Surface Mining" (Pfleider 1972) for average service duty.

AP-42 (EPA 1985), Volume II Mobile Sources.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm).

Emission factor for track-type tractor.

(g/hp-hr) (lb/well pad)

9/3/2010
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WRFO Alternative: All
Phase: Construction

Activity: Well Pad/Resource Road Construction 
Emissions: Construction Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Low boy hauler 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 4 10.8 43.2 1.01 1.35 0.00 0.17 0.05 161.90 0.01 0.00 0.00 0.00 0.00 0.00

Gravel hauler 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 45 10.8 486 11.40 15.17 0.02 1.95 0.57 1821.43 0.09 0.04 0.01 0.01 0.00 0.00

Fuel tanker 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 1 10.8 10.8 0.25 0.34 0.00 0.04 0.01 40.48 0.00 0.00 0.00 0.00 0.00 0.00

Water tanker (100 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 15 10.8 162 3.80 5.06 0.01 0.65 0.19 607.14 0.03 0.01 0.00 0.00 0.00 0.00

Light duty diesel truck 2.429 1.395 0.0060 1.262 0.2256 230 0.018 4.59E-02 0.0487 0.02524 0.00371 0.0026 14 10.8 151.2 0.81 0.47 --- 0.42 0.08 76.67 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck 39.45 2.011 0.0070 2.209 0.03 330 0.119 4.92E-02 0.0334 0.0594 0.00371 0.0026 8 10.8 86.4 7.51 0.38 --- 0.42 0.01 62.86 0.02 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 24.79 22.76 0.02 3.66 0.90 2770.48 0.15 0.08 0.04 0.03 0.01 0.01

Wells per Pad 8 8 8 8 8 8 8 8 8 8 8 8

Total Heavy Equipment Exhaust Emissions (lb/well) 3.10 2.85 0.00 0.46 0.11 346.31 0.02 0.01 0.00 0.00 0.00 0.00

1

2

5

6

7

8

9

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Pad/Resource Road Construction Vehicle Exhaust

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile 
Sources, American Petroleum Institute (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO 2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).
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WRFO Alternative: All
Phase: Construction

Activity: Drill Rig Transport
Emissions: Fugitive Particulate from Drill Rig 

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well pad) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Rig Hauler Local water/chemical 100,000 25 20 35 10 350 0.5 0 4.21 0.42 1474.43 147.44

Resource water 100,000 25 20 35 0.8 28 0.5 0 4.21 0.42 117.95 11.80

Water tanker (130 bbl) Local water/chemical 85,000 25 20 276 10 2760 0.5 0 3.92 0.39 10806.99 1080.70

Resource water 85,000 25 20 276 0.8 220.8 0.5 0 3.92 0.39 864.56 86.46

 Total Unpaved Road Traffic Emissions (lb/well pad) 13,263.94 1,326.39

1

2

3

4

5

6

Vehicle Road Dust From Drill Rig Transport

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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WRFO Alternative: All
Phase: Construction

Activity: Drill Rig and Water Transport
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

3 CH4
4 N2O

7 Form.5 Benzene5 Toluene5 Xylene5 CO NOx SO2
6 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Rig haulers 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 35 10.8 378 8.87 11.80 0.01 1.52 0.44 1416.67 0.07 0.03 0.01 0.01 0.00 0.00

Water truck (130 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 276 10.8 2980.8 69.93 93.05 0.10 11.99 3.47 11171.43 0.53 0.25 0.07 0.06 0.02 0.02

Total Heavy Equipment Exhaust Emissions (lb/well pad) 78.79 104.85 0.11 13.51 3.91 12588.10 0.60 0.29 0.08 0.06 0.03 0.02

1

2

3

4

5

6

7 Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different 
Types of Mobile Sources, American Petroleum Institute (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American Petroleum Institute (2004).

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Drill Rig and Drilling Water Transport Exhaust Emissions
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WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Fugitive Particulate From Drilling

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well) (lb/well)

Fuel tanker Local water/chemical 54,000 25 20 8 10 80 0.5 0 3.19 0.32 255.40 25.54

Resource water 54,000 25 20 8 0.8 6.4 0.5 0 3.19 0.32 20.43 2.04

Logging truck Local water/chemical 35,000 25 20 1 10 10 0.5 0 2.63 0.26 26.27 2.63

Resource water 35,000 25 20 1 0.8 0.8 0.5 0 2.63 0.26 2.10 0.21

Cement truck Local water/chemical 54,000 25 20 2 10 20 0.5 0 3.19 0.32 63.85 6.39

Resource water 54,000 25 20 2 0.8 1.6 0.5 0 3.19 0.32 5.11 0.51

Cement supply truck Local water/chemical 66,000 25 20 2 10 20 0.5 0 3.49 0.35 69.88 6.99

Resource water 66,000 25 20 2 0.8 1.6 0.5 0 3.49 0.35 5.59 0.56

Water tanker (100 bbl) Local water/chemical 54,000 25 20 0 10 0 0.5 0 3.19 0.32 0.00 0.00

(road dust control) Resource water 54,000 25 20 0 0.8 0 0.5 0 3.19 0.32 0.00 0.00

Light duty vehicles (bits) Local water/chemical 8,000 35 20 4 10 40 0.5 0 1.35 0.14 54.08 5.41

Resource water 8,000 35 20 4 0.8 3.2 0.5 0 1.35 0.14 4.33 0.43

Light duty vehicles Local water/chemical 3000 35 20 100 10 1000 0.5 0 0.87 0.09 869.48 86.95

(commuting) Resource water 3000 35 20 100 0.8 80 0.5 0 0.87 0.09 69.56 6.96

  Total Unpaved Road Traffic Emissions (lb/well) 1,446.08 144.61

1

2

3

4

5

6

Vehicle Road Dust During Drilling

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).

Calculated as lb/VMT x VMT/well x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Fuel tanker 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 8 10.8 86.4 2.03 2.70 0.00 0.35 0.10 323.81 0.02 0.01 0.00 0.00 0.00 0.00

Logging truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1 10.8 10.8 0.25 0.34 0.00 0.04 0.01 40.48 0.00 0.00 0.00 0.00 0.00 0.00

Cement truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.51 0.67 0.00 0.09 0.03 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Cement supply truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.51 0.67 0.00 0.09 0.03 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Water truck (100 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 0 10.8 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck 2.429 1.395 0.0060 1.262 0.2256 230 0.018 0.0459 0.0487 0.02524 0.00371 0.0026 3 10.8 32.4 0.17 0.10 --- 0.09 0.02 16.43 0.00 0.00 0.00 0.00 0.00 0.00
(bits)

Light duty gasoline truck 39.45 2.011 0.0070 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 1 10.8 10.8 0.94 0.05 --- 0.05 0.00 7.86 0.00 0.00 0.00 0.00 0.00 0.00
 (bits)

Light duty diesel truck 2.429 1.395 0.0060 1.262 0.2256 230 0.018 0.0459 0.0487 0.02524 0.00371 0.0026 60 10.8 648 3.47 1.99 --- 1.80 0.32 328.57 0.03 0.07 0.07 0.04 0.01 0.00
  (commuting)

Light duty gasoline truck 39.45 2.011 0.0070 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 40 10.8 432 37.57 1.92 --- 2.10 0.03 314.29 0.11 0.05 0.03 0.06 0.00 0.00
  (commuting)

Total Heavy Equipment Exhaust Emissions (lb/well) 45.45 8.44 0.00 4.61 0.53 1193.33 0.17 0.13 0.11 0.10 0.01 0.01

1

2

5

6

7

8

9

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types 
of Mobile Sources, American Petroleum Institute (2004).

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of 
Mobile Sources, American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

(g/mi) (lb/well)

Pollutant Emissions

Drilling Operation Vehicle Exhaust

9/3/2010

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-13



WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Drilling Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Pollutant
Pollutant 

Emission Factor1
Total Horsepower 

All Engines2
Overall Load 

Factor3
Drilling Activity 

Duration
Factor for Drilling 
Activity Duration Emissions Emissions

(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 3,000 0.40 14 24 2,311.11         6.88         
NOx 0.5000 3,000 0.40 14 24 444.44         1.32         
SO2

4 0.0278 3,000 0.40 14 24 24.71         0.07         
VOC 0.1400 3,000 0.40 14 24 124.44         0.37         
PM10

5 0.0220 3,000 0.40 14 24 19.56         0.06         
(lb/hp-hr)

CO2
6 1.15000 3,000 0.40 14 24 463,680.00         1,380.00         

CH4
7 5.53E-05 3,000 0.40 14 24 22.30         0.07         

N2O
8 1.24E-05 3,000 0.40 14 24 5.01         0.01         

Formaldehyde9 5.52E-07 3,000 0.40 14 24 0.22         0.00         
Benzene10 6.53E-06 3,000 0.40 14 24 2.63         0.01         
Toluene10 2.86E-06 3,000 0.40 14 24 1.15         0.00         
Xylene10 2.00E-06 3,000 0.40 14 24 0.81         0.00         

1

2

3

4

5

6

7

8

9

10
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel 
Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors for 
Large Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; 
lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel 
Industrial Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for low-sulfur fuel (15 ppm).

Drilling Emissions - Tier 4b - Directional Drilling

Emission factors for Tier 4 (2015) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 38980, 
June 29, 2004) for generator sets greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 4, "Tier 4 Emission 
Standards—Engines Above 560 kW (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on three 1,000 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).
The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.
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WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Frac Pump Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Pollutant
Emission 
Factor1

Horsepower 
All Engines2

Overall Load 
Factor3

Fracing Activity 
Duration

Factor for Fracing 
Activity Duration Emissions Emissions

(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 12,000 0.85 0.5 24 701.59         58.47         
NOx 0.5000 12,000 0.85 0.5 24 134.92         11.24         
SO2

4 0.0278 12,000 0.85 0.5 24 7.50         0.63         
VOC 0.1400 12,000 0.85 0.5 24 37.78         3.15         
PM10

5 0.02200 12,000 0.85 0.5 24 5.94         0.49         
(lb/hp-hr)

CO2
6 1.15000 12,000 0.85 0.5 24 140,760.00         11,730.00         

CH4
7 5.53E-05 12,000 0.85 0.5 24 6.77         0.56         

N2O
8 1.24E-05 12,000 0.85 0.5 24 1.52         0.13         

Formaldehyde9 5.52E-07 12,000 0.85 0.5 24 0.07         0.01         
Benzene10 6.53E-06 12,000 0.85 0.5 24 0.80         0.07         
Toluene10 2.86E-06 12,000 0.85 0.5 24 0.35         0.03         
Xylene10 2.00E-06 12,000 0.85 0.5 24 0.24         0.02         

1

2

3

4

5

6

7

8

9

10
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel 
Engines", converted from lb/MMBtu to lb/hp-hr using an average BSFC of 7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors for 
Large Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-
hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of 
GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines"; lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel (15 ppm).

Frac Pump Emissions - Tier 4b 

Emission factors for Tier 4 (2015) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 38980, 
June 29, 2004) for generator sets greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 4, "Tier 4 Emission 
Standards—Engines Above 560 kW (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on eight 1,500 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).
The overall load factor is 0.85.

PM2.5 assumed equivalent to PM10 for drilling engines.
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WRFO Alternative: All
Phase: Construction

Activity: Completion and Testing
Emissions: Fugitive Particulate From Completion and 

Testing Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type
Road 
Type

Dust Control 
Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle Miles 
Traveled 
(VMT)2

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well pad) (miles) (VMT/well pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Water tanker (100 bbl) Local water/chemical 85,000 25 20 208 10 2080 0.5 0 3.92 0.39 8144.40 814.44

Resource water 85,000 25 20 208 0.8 166.4 0.5 0 3.92 0.39 651.55 65.16

  Total Unpaved Road Traffic Emissions (lb/well pad) 8,795.95 879.59

1

2

3

4

5

6

Vehicle Road Dust During Completion Watering

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-16



WRFO Alternative: All
Phase: Construction

Activity: Well Completion and Testing
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10

4 CO2 CH4 N2O Form. Benzene Toluene Xylene

Water truck (100 bbl) 10.641 14.16 0.01504 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 208 10.8 2246.4 52.70 70.13 0.07 9.03 2.62 8419.05 0.40 0.19 0.05 0.04 0.02 0.01

Total Heavy Equipment Exhaust Emissions (lb/well pad) 52.70 70.13 0.07 9.03 2.62 8419.05 0.40 0.19 0.05 0.04 0.02 0.01

1

2

4

5

6

7

8

9

10

11 Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for 
Different Types of Mobile Sources, American Petroleum Institute (2004).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for 
Denver, CO, with average winter/summer concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for 
Denver, CO, with average winter/summer concentrations.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different 
Types of Mobile Sources, American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
PM2.5 assumed equivalent to PM10 for combustion sources.

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Completion Watering Vehicle Exhaust
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WRFO Alternative: All
Phase: Construction

Activity: Completion and Testing
Emissions: Fugitive Particulate From Completion and 

Testing Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle Miles 
Traveled (VMT)2

Ratio of 
Months 

with Frozen 
or Muddy 

Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well pad) (miles) (VMT/well pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Casing hauler Local water/chemical 100,000 25 20 3 10 30 0.5 0 4.21 0.42 126.38 12.64

Resource water 100,000 25 20 3 0.8 2.4 0.5 0 4.21 0.42 10.11 1.01

Completion rig Local water/chemical 85,000 25 20 1 10 10 0.5 0 3.92 0.39 39.16 3.92

Resource water 85,000 25 20 1 0.8 0.8 0.5 0 3.92 0.39 3.13 0.31

Logging truck Local water/chemical 35,000 25 20 2 10 20 0.5 0 2.63 0.26 52.53 5.25

Resource water 35,000 25 20 2 1 2 0.5 0 2.63 0.26 5.25 0.53

Cement truck Local water/chemical 54,000 25 20 2 10 20 0.5 0 3.19 0.32 63.85 6.39

Resource water 54,000 25 20 2 1 2 0.5 0 3.19 0.32 6.39 0.64

Sand truck Local water/chemical 85,000 25 20 20 10 200 0.5 0 3.92 0.39 783.12 78.31

Resource water 85,000 25 20 20 1 20 0.5 0 3.92 0.39 78.31 7.83

Frac pumper Local water/chemical 85,000 25 20 10 10 100 0.5 0 3.92 0.39 391.56 39.16

Resource water 85,000 25 20 10 1 10 0.5 0 3.92 0.39 39.16 3.92

Fracmaster delivery Local water/chemical 85,000 25 20 2 10 20 0.5 0 3.92 0.39 78.31 7.83

Resource water 85,000 25 20 2 1 2 0.5 0 3.92 0.39 7.83 0.78

Water tanker (100 bbl) Local water/chemical 54,000 25 20 200 10 2000 0.5 0 3.19 0.32 6385.05 638.50

Resource water 54,000 25 20 200 1 200 0.5 0 3.19 0.32 638.50 63.85

Light duty gasoline trucks Local water/chemical 3,000 35 20 30 10 300 0.5 0 0.87 0.09 260.85 26.08

Resource water 3,000 35 20 30 1 30 0.5 0 0.87 0.09 26.08 2.61

  Total Unpaved Road Traffic Emissions (lb/well pad) 8,995.57 899.56

1

2

3

4

5

6

Vehicle Road Dust During Completion

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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WRFO Alternative: All
Phase: Construction

Activity: Well Completion and Testing
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Casing hauler 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 3 10.8 32.4 0.76 1.01 0.00 0.13 0.04 121.43 0.01 0.00 0.00 0.00 0.00 0.00

Completion rig 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1 10.8 10.8 0.25 0.34 0.00 0.04 0.01 40.48 0.00 0.00 0.00 0.00 0.00 0.00

Logging truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.51 0.67 0.00 0.09 0.03 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Cement truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.51 0.67 0.00 0.09 0.03 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Sand truck 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 20 10.8 216 5.07 6.74 0.01 0.87 0.25 809.52 0.04 0.02 0.01 0.00 0.00 0.00

Frac pumper 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 10 10.8 108 2.53 3.37 0.00 0.43 0.13 404.76 0.02 0.01 0.00 0.00 0.00 0.00

Fracmaster delivery 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.51 0.67 0.00 0.09 0.03 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Water truck (100 bbl) 10.641 14.16 0.0150 1.824 0.5286 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 200 10.8 2160 50.67 67.43 0.07 8.69 2.52 8095.24 0.39 0.18 0.05 0.04 0.02 0.01

Light duty diesel truck9 2.429 1.395 0.006 1.262 0.2256 230 0.019 0.0459 0.0487 0.02524 0.00371 0.0026 18 10.8 194.4 1.04 0.60 0.00 0.54 0.10 98.57 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10 39.45 2.011 0.007 2.209 0.03 330 0.119 0.0492 0.0334 0.0594 0.00371 0.0026 12 10.8 129.6 11.27 0.57 0.00 0.63 0.01 94.29 0.03 0.01 0.01 0.02 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 73.12 82.09 0.09 11.59 3.13 9907.14 0.51 0.26 0.09 0.08 0.02 0.02

1

2

5

6

7

8

9

10

11 Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for 
Different Types of Mobile Sources, American Petroleum Institute (2004).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for 
Denver, CO, with average winter/summer concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for 
Denver, CO, with average winter/summer concentrations.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types 
of Mobile Sources, American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Completion Vehicle Exhaust
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WRFO Alternative: Alternative A

Phase: Construction

Activity: Completion/Testing Flaring

Emissions: Gas Flaring without High Pressure

Flowback Separator Units

Date: 9/3/2010

Specifications:

Total Volume of Gas Emitted1 1.00 MMscf
Total Volume of Gas Vented1 0.50 MMscf
Total Volume of Flared Gas1 0.50 MMscf
Average Heat Content 1,050 BTU/scf

36 hrs 

Volume
Volume 

Units Pollutant
Emission 

Factor
Emission 

Factor Units Emission Factor Source
Total 

Emissions
Total 

Emissions Duration
Hourly 

Emissions
(lb/well) (ton/well) (hours) (lb/hr/well)

Venting - Natural Gas 2 0.50 MMscf VOC 3,346.05 lb/MMscf Extended Natural Gas Analysis1 1673.0 0.84 36 46.47
CO2 2,528.70 lb/MMscf Extended Natural Gas Analysis1

1264.4 0.63 36 35.12
CH4 32,450.74 lb/MMscf Extended Natural Gas Analysis1

16225.4 8.11 36 450.70
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1

0.0 0.00 36 0.00
HAP (total) 447.00 lb/MMscf Extended Natural Gas Analysis1 223.5 0.11 36 6.21
  Benzene 47.96 lb/MMscf Extended Natural Gas Analysis1 24.0 0.01 36 0.67
  Toluene 39.80 lb/MMscf Extended Natural Gas Analysis1 19.9 0.01 36 0.55
  Ethylbenzene 0.00 lb/MMscf Extended Natural Gas Analysis1 0.0 0.00 36 0.00
  Xylenes 26.55 lb/MMscf Extended Natural Gas Analysis1 13.3 0.01 36 0.37
  Hexane 332.68 lb/MMscf Extended Natural Gas Analysis1 166.3 0.08 36 4.62

Flaring - Natural Gas 0.50 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 50.0 0.03 36 1.39
CO 84.00 lb/MMscf AP-42 Section 1.4 42.0 0.02 36 1.17
PM10 7.60 lb/MMscf AP-42 Section 1.4 3.8 0.00 36 0.11
VOC 5.50 lb/MMscf AP-42 Section 1.4 2.8 0.00 36 0.08
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 60000.0 30.00 36 1666.67
CH4 2.30 lb/MMscf AP-42 Section 1.4 1.2 0.00 36 0.03
N2O 2.20 lb/MMscf AP-42 Section 1.4 1.1 0.00 36 0.03
HAP (total) 22.35 lb/MMscf Assume 95% Reduction3 11.2 0.01 36 0.31
  Benzene 2.40 lb/MMscf Assume 95% Reduction3 1.2 0.00 36 0.03
  Toluene 1.99 lb/MMscf Assume 95% Reduction3 1.0 0.00 36 0.03
  Ethylbenzene 0.00 lb/MMscf Assume 95% Reduction3 0.0 0.00 36 0.00
  Xylenes 1.33 lb/MMscf Assume 95% Reduction3 0.7 0.00 36 0.02
  Hexane 16.63 lb/MMscf Assume 95% Reduction3 8.3 0.00 36 0.23

5 bbl VOC 10.00 lb VOC/bbl 50.0 0.02500 36 1.39

1

2

3

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).
For VOC and HAP emission factors that used the constituent analysis, a 95% destruction rate was assumed. 

Completion Venting and Flaring

Evaporation from condensate/water 
to waste pit (for wells not using 
green completion)

Tests conducted by Williams E&P 
for CDPHE

For Alternative A, 50% of well completions will use venting and 50% will use flaring.  For simplicity, single-well emissions are shown 
with both venting and flaring.
Alternatives B, C, and D will use green completion techniques for 95% of all wells.  Green completion has negligible emissions.

Total Hours in which Gas is Vented 
or Flared1

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-20



WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Workover Rig Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Percentage of Producing Wells 1.00%

Pollutant
Pollutant Emission 

Factor1
Total Horsepower 

All Engines2
Overall Load 

Factor3
Drilling Activity 

Duration

Drilling 
Activity 

Duration

Emissions 
Allocated Across 

All Producing Wells

Emissions 
Allocated Across 

All Producing Wells
(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 475 0.40 1.5 24 0.3921 0.0109
NOx 0.3000 475 0.40 1.5 24 0.0452 0.0013
SO2

4 0.0278 475 0.40 1.5 24 0.0042 0.0001
VOC 0.1400 475 0.40 1.5 24 0.0211 0.0006
PM10

5 0.01500 475 0.40 1.5 24 0.0023 0.0001
(lb/hp-hr)

CO2
6 1.15000 475 0.40 1.5 24 78.6600 2.1850

CH4
7 5.53E-05 475 0.40 1.5 24 0.0038 0.0001

N2O
8 1.24E-05 475 0.40 1.5 24 0.0008 0.0000

Formaldehyde9 8.26E-06 475 0.40 1.5 24 0.0006 0.0000
Benzene9 6.53E-06 475 0.40 1.5 24 0.0004 0.0000
Toluene9 2.86E-06 475 0.40 1.5 24 0.0002 0.0000
Xylene9 2.00E-06 475 0.40 1.5 24 0.0001 0.0000

1

2

3

4

5

6

7

8

9

Workover Rig Emissions - Tier 4b

Emission factors for Tier 4 (2014) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 
38980, June 29, 2004) for engines less than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 3, "Tier 4 Emission 
Standards—Engines Up To 560 kW, g/kWh (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on one 475 hp engine, fueled with ultra low sulfur diesel fuel (15 ppm).

Only 1% of producing wells are expected to be worked over in any single year.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled 
Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines"; lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel 
Industrial Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel.
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WRFO Alternative: All
Phase: Production

Activity: Recompletion, Flaring
Emissions: Recompletion without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Total Volume of Gas Emitted per recompleted well1 1.00 MMscf
Total Volume of Gas Vented 0.50 MMscf
Total Volume of Flared Gas 0.50 MMscf
Average Heat Content 1,050 BTU/scf

Percentage of Operating Wells Recompleted in Year 1.00%
Total Hours in which Gas is Vented or Flared 1 24 hrs 

Volume
Volume 

Units Pollutant
Emission 

Factor

Emission 
Factor 
Units Emission Factor Source

Total 
Emissions

Total 
Emissions Duration

Hourly 
Emissions

(lb/well/yr)4 (ton/well)4 (hours) (lb/hr/well)4

Venting - Natural Gas 2 0.50 MMscf VOC 3,346.05 lb/MMscf Extended Natural Gas Analysis1 16.730 0.008 24 16.730
CO2 2,528.70 lb/MMscf Extended Natural Gas Analysis1

12.644 0.006 24 12.644
CH4 32,450.74 lb/MMscf Extended Natural Gas Analysis1

162.254 0.081 24 162.254
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1

0.000 0.000 24 0.000
HAP (total) 447.00 lb/MMscf Extended Natural Gas Analysis1 2.235 0.001 24 2.235
  Benzene 47.96 lb/MMscf Extended Natural Gas Analysis1 0.240 0.000 24 0.240
  Toluene 39.80 lb/MMscf Extended Natural Gas Analysis1 0.199 0.000 24 0.199
 Ethylbenze 0.00 lb/MMscf Extended Natural Gas Analysis1 0.000 0.000 24 0.000
  Xylenes 26.55 lb/MMscf Extended Natural Gas Analysis1 0.133 0.000 24 0.133
  Hexane 332.68 lb/MMscf Extended Natural Gas Analysis1 1.663 0.001 24 1.663

Flaring - Natural Gas 0.50 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 0.500 0.000 24 0.021
CO 84.00 lb/MMscf AP-42 Section 1.4 0.420 0.000 24 0.018
PM10 7.60 lb/MMscf AP-42 Section 1.4 0.038 0.000 24 0.002
VOC 5.50 lb/MMscf AP-42 Section 1.4 0.028 0.000 24 0.001
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 600.000 0.300 24 25.000
CH4 2.30 lb/MMscf AP-42 Section 1.4 0.012 0.000 24 0.000
N2O 2.20 lb/MMscf AP-42 Section 1.4 0.011 0.000 44 0.000
HAP (total) 22.35 lb/MMscf Assume 95% Reduction3 0.112 0.000 24 0.005
  Benzene 2.40 lb/MMscf Assume 95% Reduction3 0.012 0.000 24 0.000
  Toluene 1.99 lb/MMscf Assume 95% Reduction3 0.010 0.000 24 0.000
 Ethylbenze 0.00 lb/MMscf Assume 95% Reduction3 0.000 0.000 24 0.000
  Xylenes 1.33 lb/MMscf Assume 95% Reduction3 0.007 0.000 24 0.000
  Hexane 16.63 lb/MMscf Assume 95% Reduction3 0.083 0.000 24 0.003

3 bbl VOC 0.07 lb VOC/bbl 0.002 0.00000 24 0.0001

1

2

3

4

Recompletion Venting and Flaring

Evaporation from condensate/water to waste pit Tests conducted by Williams E&P 
for CDPHE

During recompletion, 50% of well recompletions will use venting and 50% will use flaring.  For simplicity, single-well emissions are 
shown with both venting and flaring.

Only 1% of operating wells are expected to be recompleted in any single year.

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).
For VOC and HAP emission factors that used the constituent analysis, a 95% destruction rate was assumed. 
Per-well totals provide emissions for each operating well based on allocation of emissions from the 1 percent of wells that are recompleted. 
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WRFO Alternative: All

Phase: Production

Activity: Truck Loading Fugitives

Emissions: Truck Loading Fugitives Emissions

Date: 9/3/2010

# of barrels of 
condensate 

produced per 
natural gas 

volume 
(bbl/MMscf)1

Average gas 
production per well 

(MMscfd/ well)
Days per year 

(days/yr)
Gallons/barrel 

(gal/bbl)

Percentage of 
well pad 

condensate 
transported by 

truck out of field 
(%)

S : Saturation 
factor shown in 

AP-42 -- 
submerged 

loading: 
dedicated 

normal service

V : True vapor 
pressure of 

liquid loaded 
(psia)

M : Molecular 
weight of the 
vapor (lb/lb-

mole) 1

T : 
Temperature of 
the bulk liquid 

(Rankine)

Control 
efficency (%, 

vapor 
balancing)

General Information 5 0.2958 365 42 95 0.6 6.6 33.48 518.67 95

VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane
51.725 6.755 22.645 0.000 9.161 0.856 1.375 0.015 0.411 6.505

Equipment Total Mass 3 VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Truck Loading Condensate 3.43 1.77 0.23 0.78 0.00 0.31 0.03 0.05 0.00 0.01 0.22

Equipment Total Mass VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Truck Loading Condensate 0.0004 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Total 0.0004 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1

2

5 Determined using EPA -- AP-42. Section 5.2, equation 1, (L = 12.46 * S * V * M / T), where L = lb emissions/1,000 gal loaded.

Truck Loading Fugitves

Pollutant Emissions
lb/well/yr

Based on data collected from oil and gas operators in the Piceance Basin (July, 2009) -- Extended Natural Gas and Light Liquid (LL) Analysis.
Based on E&P Tanks run using a separator operating at 85F and 23 psig.

Pollutant Emissions

Condensate Tank Vapor Composition (wt%) 2

Input Values for Calculations

(lb/well/hr)
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WRFO Alternative: All
Phase: Production

Activity: Well blowdowns
Emissions: Gas Flaring without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Average Number of Blowdowns 3.0 per well per year
Average Volume of Gas Emitted 1 0.00075 MMscf per well blowdown
Total Volume of Gas Vented (100 percent) 0.00225 MMscf
Total Volume of Flared Gas (0 percent) 0.00 MMscf

Actual Hours Gas is Vented 4 hrs

Volume
Volume 
Units Pollutant

Emission 
Factor

Emission Factor 
Units Emission Factor Source

Total 
Emissions

Total 
Emissions Duration

Hourly 
Emissions

(lb/well/yr) (ton/well) (hours) (lb/hr/well)
Venting - Natural Gas 2 0.00225 MMscf VOC 3,346.05 lb/MMscf Extended Natural Gas Analysis1 7.53 0.00 4 1.88

CO2 2,528.70 lb/MMscf Extended Natural Gas Analysis1 5.69 0.00 4 1.42
CH4 32,450.74 lb/MMscf Extended Natural Gas Analysis1 73.01 0.04 4 18.25
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1 0.00 0.00 4 0.00

HAP (total) 447.00 lb/MMscf Extended Natural Gas Analysis1 1.01 0.00 4 0.25
  Benzene 47.96 lb/MMscf Extended Natural Gas Analysis1 0.11 0.00 4 0.03
  Toluene 39.80 lb/MMscf Extended Natural Gas Analysis1 0.09 0.00 4 0.02
 Ethylbenze 0.00 lb/MMscf Extended Natural Gas Analysis1 0.00 0.00 4 0.00

  Xylenes 26.55 lb/MMscf Extended Natural Gas Analysis1 0.06 0.00 4 0.01
  Hexane 332.68 lb/MMscf Extended Natural Gas Analysis1 0.75 0.00 4 0.19

Flaring - Natural Gas 0.00000 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
CO 84.00 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
PM10 7.60 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
VOC 5.50 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
CH4 2.30 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00
N2O

6 2.20 lb/MMscf AP-42 Section 1.4 0.00 0.00 4 0.00

HAP (total) 8.94 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Benzene 0.96 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Toluene 0.80 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
 Ethylbenze 0.00 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00

  Xylenes 0.53 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00
  Hexane 6.65 lb/MMscf Assume 98% Reduction3 0.00 0.00 4 0.00

1

2 Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).

Well Blowdowns

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
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WRFO Alternative: All

Phase: Production
Activity: Area Source Fugitives

Emissions: Area Source Fugitives Emissions
Date: 9/3/2010

Pump Seals Compressor Seals Relief Valves Connectors
p

Lines
p g

Connections

Equipment Type
# of valves in gas 
service per well

# of valves in LL 
service per well

# of pump seals in 
LL service per well

# of compressor 
seals in gas service 

per well

# of relief valves 
in gas service per 

well

# of 
connectors 

per well
# of open-ended 

lines per well

# of sampling 
connections 

per well
Count at compressor stations 1 100 50 2 6 12 421 12 9
Count at consolidated facilities 1 0 0 0 0 0 0 0 0

Count at well pads 1 80 3 2 0 15 180 0 12
Counts per well for all compressor stations 0.1651 0.0825 0.0033 0.0099 0.0198 0.6950 0.0198 0.0149

Counts per well at consolidated facilities 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Counts per well at well pads 10.0000 0.3750 0.2500 0.0000 1.8750 22.5000 0.0000 1.5000

Equipment Type VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Gas Service Valves 0.00450 0.0099 7.82E-04 5.91E-04 7.58E-03 0.00E+00 1.04E-04 1.12E-05 9.30E-06 0.00E+00 6.20E-06 7.77E-05
Light Liquid Valves 0.00250 0.0055 4.49E-03 9.26E-06 3.19E-05 0.00E+00 1.48E-03 7.82E-05 4.32E-04 1.37E-05 4.36E-04 5.16E-04

Light Liquid Pump Seals 0.01300 0.0287 2.34E-02 4.81E-05 1.66E-04 0.00E+00 7.68E-03 4.06E-04 2.25E-03 7.14E-05 2.27E-03 2.68E-03
Gas Service Compressor Seals 0.00880 0.0194 1.53E-03 1.16E-03 1.48E-02 0.00E+00 2.04E-04 2.19E-05 1.82E-05 0.00E+00 1.21E-05 1.52E-04

Gas Service Relief Valves 0.00880 0.0194 1.53E-03 1.16E-03 1.48E-02 0.00E+00 2.04E-04 2.19E-05 1.82E-05 0.00E+00 1.21E-05 1.52E-04
Connectors 0.00020 0.0004 3.47E-05 2.63E-05 3.37E-04 0.00E+00 4.64E-06 4.98E-07 4.13E-07 0.00E+00 2.76E-07 3.45E-06

Open-Ended Lines 0.00200 0.0044 3.47E-04 2.63E-04 3.37E-03 0.00E+00 4.64E-05 4.98E-06 4.13E-06 0.00E+00 2.76E-06 3.45E-05
Sampling Connections 0.00880 0.0194 1.53E-03 1.16E-03 1.48E-02 0.00E+00 2.04E-04 2.19E-05 1.82E-05 0.00E+00 1.21E-05 1.52E-04

Equipment Type VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Gas Service Valves 7.82E-03 5.91E-03 7.58E-02 0.00E+00 1.04E-03 1.12E-04 9.30E-05 0.00E+00 6.20E-05 7.77E-04
Light Liquid Valves 1.68E-03 3.47E-06 1.20E-05 0.00E+00 5.54E-04 2.93E-05 1.62E-04 5.15E-06 1.64E-04 1.94E-04

Light Liquid Pump Seals 5.84E-03 1.20E-05 4.15E-05 0.00E+00 1.92E-03 1.02E-04 5.62E-04 1.78E-05 5.67E-04 6.71E-04
Gas Service Compressor Seals 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Gas Service Relief Valves 2.87E-03 2.17E-03 2.78E-02 0.00E+00 3.83E-04 4.11E-05 3.41E-05 0.00E+00 2.27E-05 2.85E-04
Gas Service Connectors 7.82E-04 5.91E-04 7.58E-03 0.00E+00 1.04E-04 1.12E-05 9.30E-06 0.00E+00 6.20E-06 7.77E-05

Gas Service Open-Ended Lines 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Gas Service Sampling Connections 2.29E-03 1.73E-03 2.22E-02 0.00E+00 3.06E-04 3.29E-05 2.73E-05 0.00E+00 1.82E-05 2.28E-04

Consolidated Facilties and Well Pads Total 2.13E-02 1.04E-02 1.33E-01 0.00E+00 4.31E-03 3.28E-04 8.87E-04 2.30E-05 8.40E-04 2.23E-03
Compressor Stations Total 6.76E-04 1.73E-04 2.22E-03 0.00E+00 1.78E-04 1.11E-05 4.58E-05 1.37E-06 4.53E-05 7.42E-05

All Sources Totals (lbs/well/yr) 1.92E+02 9.27E+01 1.19E+03 0.00E+00 3.93E+01 2.97E+00 8.17E+00 2.13E-01 7.75E+00 2.02E+01

1

2 "EPA Protocol for Equipment Leak Emission Estimates" -- Table 2-4.  Oil and Gas Production Operations Average Emission Factors.

(lb/well/hr)

Equipment Leaks

Based on data collected from oil and gas operators in the Piceance Basin (July, 2009) -- Extended Natural Gas and Light Liquid (LL) Analysis.

Oil and Gas Emission 
Factor (kg TOC/hr/ 

source) 2

Input Values for Calculations

Valves

Oil and Gas Emission 
Factor (lb TOC/hr/ 

source)

Pollutant Emission Factor1

(lb/hr/source)

Pollutant Emissions
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WRFO Alternative: All

Phase: Production

Activity: Production Phase Pneumatic Pumps

Emissions: Pneumative Pumps Emissions

Date: 9/3/2010

Pneumatic Pumps
Gas Quantity 
(MMscf/yr) 1

Amount of gas vented per pump per year at gas plants 0
Amount of gas vented per pump per year at compressor stations 0
Amount of gas vented per pump per year at consolidated facilities 0
Amount of gas vented per pump per year per well 0.000017

Pneumatic Pumps VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic pumps at gas plants 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68
Pneumatic pumps at compressor stations 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68
Pneumatic pumps at consolidated facilities 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic pumps at well pads 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic Pumps VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic pumps at gas plants 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pneumatic pumps at compressor stations 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pneumatic pumps at consolidated facilities 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pneumatic pumps at well pads 0.06 0.04 0.55 0.00 0.01 0.00 0.00 0.00 0.00 0.01
Total 0.06 0.04 0.55 0.00 0.01 0.00 0.00 0.00 0.00 0.01

1
Based on data collected from oil and gas operators in the Piceance Basin (July, 2009) -- Extended Natural Gas Analysis.

Pollutant Emissions
(lb/well/yr)

Pneumatic Pumps

Pollutant Emission Factor1

Pneumatic Pumps Input Values for Calculations

(lb/MMscf)
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WRFO Alternative: All

Phase: Production

Activity: Production Well Pneumatic Devices

Emissions: Pneumative Device Emissions

Date: 9/3/2010

Pneumatic Devices

Low bleed 
(# of 

devices per 
well)

Low bleed 
rate 

(MMscf/ 
hr/device)

No bleed (# 
of devices 
per well)

Control 
Percent 
for Low 
Bleed

Low bleed 
(# of 

devices per 
well)

Low 
bleed rate 
(MMscf/ 

hr/device)

No bleed 
(# of 

devices 
per well)

Control 
Percent for 
Low Bleed

Low bleed 
(# of 

devices 
per well)

Low 
bleed rate 
(MMscf/ 

hr/device)

No bleed 
(# of 

devices 
per well)

Control 
Percent for 
Low Bleed

Pneumatic devices at well pad (per well)1 1 0.000006 0 0 1 0.000006 0 0 1 0.000006 0 0
Pneumatic devices at consolidated field facilities1 0 0 0 0 0 0 0 0 0 0 0 0

Pneumatic devices at compressor stations1 0 0 0 0 0 0 0 0 0 0 0 0

Pollutant Emission Factor2

Pneumatic Devices VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic devices at well pad 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68
Pneumatic devices at consolidated field facilities 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic devices at compressor stations 3,346.05 2,528.70 32,450.74 0.00 447.00 47.96 39.80 0.00 26.55 332.68

Pneumatic Devices VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Pneumatic devices at well pad 0.06 0.05 0.58 0.00 0.01 0.00 0.00 0.00 0.00 0.01
Pneumatic devices at consolidated field facilities 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pneumatic devices at compressor stations 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.06 0.05 0.58 0.00 0.01 0.00 0.00 0.00 0.00 0.01

1
Survey data (August, 2009) from oil and gas operators provide the number of devices.  Instrument air will be used for devices at consolidated facilities and compressor stations.

2 Based on data collected from oil and gas operators in the Piceance Basin (July, 2009) -- Extended Natural Gas Analysis.

Pneumatic Devices (Includes liquid level controllers, pressure regulators, and valve controllers.)

Pollutant Emissions
(lb/well/hr)

(lb/MMscf)

Liquid Level controllers Pressure Regulators Valve Controllers
Pneumatic Devices Input Values for Calculations
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WRFO Alternative: All
Phase: Production

Activity: Analysis
Date:

Component
Molecular 

Weight 
Weight 
Percent

Carbon 
Content 
for TOC

Contribu-
tion to 
TOC 

Carbon 
Content

(lb/lb-mol) (wt%) (lb C/lb) (lb C/lb TOC)

Methane 16.040 0.579 0.749 0.434
Ethane 30.070 0.458 0.799 0.366
Nitrogen 28.020 0.007 --- ---
Carbon Dioxide 43.990 0.168 --- ---
Nitrous Oxide 44.020 0.000 --- ---
Hydrogen Sulfide 34.060 0.000 --- ---
Non-reactive, non-HAP --- 1.212 ---
Propane 44.100 0.771 0.817 0.630
Iso-butane 58.120 0.688 0.827 0.569
n-butane 58.120 0.906 0.827 0.749
i-pentane 72.150 1.515 0.832 1.261
n-pentane 72.150 1.502 0.499 0.750
Hexanes 100.210 9.368 0.719 6.736
Heptanes 100.200 19.328 0.839 16.217
Octanes 114.230 17.614 0.841 14.815
Nonanes 128.258 13.309 0.843 11.216
Decanes+ 142.29 16.491 0.844 13.919
Reactive VOC --- 81.492 66.862
Benzene 78.110 1.418 0.923 1.308
Ethylbenzene 106.160 0.249 0.905 0.225
n-Hexane --- 9.368 --- ---
Toluene 92.130 7.837 0.913 7.151
Xylenes 106.160 7.912 0.905 7.161
HAPs --- 26.784 15.846

Totals --- 100.120 83.507 3

1

2

3 The carbon contribution to hydrocarbons in the liquid mixture is used to calculate CO2 emissions from the model gas plant 
thermal oxidizer and flare.

9/3/2010

n-Hexane is a VOC and a HAP.  To be conservative, all non-speciated hexanes are assumed to be HAPs.

Condensate Analysis

Extended condensate analysis of typical Piceance Basin condensate.
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WRFO Alternative: All
Phase: Production

Activity: Wind Erosion
Emissions: Fugitive Particulate Emissions

from Wind Blown Dust at Well Pads
Date: 9/3/2010

Well Pad and 
Resource Road 

Area 1
Silt 

Content2

Days with Wind 
Speed Greater 
Than 5.4 m/s 3

Total Suspended 
Particulate4

Days Before 
Interim 

Reclamation 
Complete 5

Total 
Suspended 
Particulate 

Emission 
Control 

Efficiency6
PM10 Emissions 
(uncontrolled)7

PM2.5 

Emissions 
(uncontrolled)8

Wells per 
Well Pad

PM10 

Emissions 
(uncontrolled)3

PM2.5 

Emissions 
(uncontrolled)4

(acre) (%) (%) (lb/acre/month) (months) (lb/well pad) (%) (lb/well pad) (lb/well pad) (lb/well) (lb/well)

11.0 20 27.4 64.309 24.0 16,977.58 0 4,244.40 424.44 8 530.55 53.05

1

2

3

4 AP-42 (EPA 2004), Section 13.2.2 "Unpaved Roads", Background Document. 
5

6

7

8

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.

Interim reclamation is expected to be complete within two years.  Emissions for two years are calculated and attributed to each constructed well pad for one year, since emissions from pads 
constructed during the previous year would be occurring simultaneously.

Wind Erosion at Producing Well Pads

Total disturbance area per well pad is estimated to be 7.25 acres for the well pad, 1.0 acre for a portion of compressor station and central treating facility (CTF), 1.75 acres for resource road 
and portion of local road area, and 2 acres for a portion of pipeline disturbance.
Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).
"Control of Fugitive Dust Sources" EPA-450/3-98-008 (EPA 1998).  TSP (lb/acre/month) = 1.7 × (s/1.5) × ([365-p]/235) × (f/15), where:
p = number of days with > 0.001 in precipitation (not used)
f = percent of time wind speed exceeds 5.4 (m/s) [equivalent to 12 mph] = 27.4% based on WRCC Ernie Gulch RAWS stations August 1, 1984 through March 1, 2008.

AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", Background Document. Assuming that PM10 accounts for 25% of TSP. Daily and hourly emissions based on 30.4-day month.
Assuming that PM2.5 accounts for 10% of PM10 based on "Analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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WRFO Alternative: All
Phase: Both

Activity: Gas Analysis
Date: 9/3/2010

Gas Component
Volumetric 

Concentration1 
Molecular 

Weight Gas Weight 
Weight 
Percent Weight2

Carbon 
Content for 

TOC

Contribu-
tion to TOC 

Carbon 
Content

(vol%) (lb/lb-mol) (lb/lb-mol) (wt%) (lb/MMscf) (lb C/lb) (lb C/lb TOC)

Methane 88.972 16.040 14.271 76.427 32,450.7 0.749 57.225
Ethane 5.792 30.070 1.742 9.327 3,960.3 0.799 7.451
Nitrogen 0.094 28.020 0.026 0.141 59.9 --- ---
Carbon Dioxide 2.528 43.990 1.112 5.955 2,528.7 --- ---
Nitrous Oxide 0.000 44.020 0.000 0.000 0.0 --- ---
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.0 --- ---
Non-reactive, non-HAP 97.386 --- 17.151 91.850 38,999.6 --- 64.675
Propane 1.365 44.100 0.602 3.224 1,368.8 0.817 2.634
Iso-butane 0.370 58.120 0.215 1.152 489.0 0.827 0.952
n-butane 0.261 58.120 0.152 0.812 344.9 0.827 0.671
i-pentane 0.155 72.150 0.112 0.599 254.3 0.832 0.498
n-pentane 0.102 72.150 0.074 0.394 167.3 0.499 0.197
Hexanes 0.146 100.210 0.146 0.784 332.7 0.719 0.563
Heptanes 0.093 100.200 0.093 0.499 211.9 0.839 0.419
Octanes 0.044 114.230 0.050 0.269 114.3 0.841 0.226
Nonanes 0.016 128.258 0.021 0.110 46.7 0.843 0.093
Decanes+ 0.005 142.29 0.007 0.038 16.2 0.844 0.032
Reactive VOC 2.557 --- 1.472 7.880 3,346.0 6.286
Benzene 0.027 78.110 0.021 0.113 48.0 0.923 0.104
Ethylbenzene 0.000 106.160 0.000 0.000 0.0 0.905 0.000
n-Hexane 3 0.146 100.210 0.146 0.784 332.7 --- ---
Toluene 0.019 92.130 0.018 0.094 39.8 0.913 0.086
Xylenes 0.011 106.160 0.012 0.063 26.6 0.905 0.057
HAPs 0.203 --- 0.197 1.053 447.0 0.246

Totals 100.000 --- 18.673 100.000 42,460.0 --- 71.207 4

1

2

3

4 The carbon contribution to hydrocarbons in the gas mixture is used to calculate CO 2 emissions from the model gas plant thermal oxidizer and flare.
n-Hexane is a VOC and a HAP.  To be conservative, all non-speciated hexanes are assumed to be HAPs.
Gas density is 0.04246 lb/scf (19.26 g/scf).

Natural Gas Extended Gas Analysis

Extended gas analysis of typical Piceance Basin natural gas.
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WRFO Alternative: All
Phase: Production

Activity: Production Traffic
Emissions: Fugitive Particulate From Production 

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance8

Vehicle 
Miles 

Traveled 
(VMT)

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)
(lb) (mph) (%) (RT/pad) (miles) (VMT/pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Alternative A ( 40% Facilities Consolidated )7

Water truck (130 bbl) Local water/chemical 85,000 25 20 1123 10 11230 0.5 0 3.92 0.39 43971.91 4397.19
(process water) Resource water 85,000 25 20 1123 0.48 539.04 0.5 0 3.92 0.39 2110.65 211.07

Condensate tanker (200 bbl) Local water/chemical 75,000 25 20 32.4 10 324 0.5 0 3.70 0.37 1199.17 119.92
Resource water 75,000 25 20 32.4 0.48 15.552 0.5 0 3.70 0.37 57.56 5.76

Light duty vehicles Local water/chemical 3,000 35 20 365 0.66 240.9 0.5 0 0.87 0.09 209.46 20.95
Resource water 3,000 35 20 52 0.8 41.6 0.5 0 0.87 0.09 36.17 3.62

 Total Unpaved Road Traffic Emissions (lb/well pad) 47,584.92 4,758.49
Alternative C ( 80% Facilities Consolidated )7

Water truck (130 bbl) Local water/chemical 85,000 25 20 1123 10 11230 0.5 0 3.92 0.39 43971.91 4397.19
(process water) Resource water 85,000 25 20 1123 0.16 179.68 0.5 0 3.92 0.39 703.55 70.36

Condensate tanker (200 bbl) Local water/chemical 75,000 25 20 32.4 10 324 0.5 0 3.70 0.37 1199.17 119.92
Resource water 75,000 25 20 32.4 0.16 5.184 0.5 0 3.70 0.37 19.19 1.92

Light duty vehicles Local water/chemical 3,000 35 20 365 0.66 240.9 0.5 0 0.87 0.09 209.46 20.95
Resource water 3,000 35 20 52 0.8 41.6 0.5 0 0.87 0.09 36.17 3.62

 Total Unpaved Road Traffic Emissions (lb/well pad) 46,139.45 4,613.94
Alternative B and D ( 90% Facilities Consolidated )7

Water truck (130 bbl) Local water/chemical 85,000 25 20 1123 10 11230 0.5 0 3.92 0.39 43971.91 4397.19
(process water) Resource water 85,000 25 20 1123 0.08 89.84 0.5 0 3.92 0.39 351.78 35.18

Condensate tanker (200 bbl) Local water/chemical 75,000 25 20 32.4 10 324 0.5 0 3.70 0.37 1199.17 119.92
Resource water 75,000 25 20 32.4 0.08 2.592 0.5 0 3.70 0.37 9.59 0.96

Light duty vehicles Local water/chemical 3,000 35 20 365 0.66 240.9 0.5 0 0.87 0.09 209.46 20.95
Resource water 3,000 35 20 52 0.8 41.6 0.5 0 0.87 0.09 36.17 3.62

 Total Unpaved Road Traffic Emissions (lb/well pad) 45,778.08 4,577.81

1

2

3

4

5

6

7

8

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Field wide operations consolidation percentages determined and provided by WRFO personnel (September 2009)
Original resource road distances scaled to reflect consolidation.

Vehicle Road Dust Associated With Producing Well Pads

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
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WRFO Alternative: All
Phase: Production

Activity: Production Vehicle Traffic Exhaust
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round 

Trips (RTs) 
RT 

Distance13

Vehicle 
Miles 

Traveled 
(VMT)

(RT/pad) (miles) (mi)
CO1 NOx

1 SO2
2 VOC1 PM10

1 CO2
5 CH4

6 N2O
11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2

8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene
Alternative A ( 40% Facilities Consolidated )12

Water truck (130 bbl, process) 10.641 14.16 0.015 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 1123 10.48 11769.04 276.09 367.39 0.39 47.33 13.71 44107.95 2.10 1.01 0.28 0.22 0.10 0.07

Condensate tanker (200 bbl) 10.641 14.16 0.015 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 32.4 10.48 339.552 7.97 10.60 0.01 1.37 0.40 1272.57 0.06 0.03 0.01 0.01 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.006 1.262 0.2256 230 0.019 0.046 0.0487 0.02524 0.00371 0.0026 219 0.774 169.506 0.91 0.52 --- 0.47 0.08 85.95 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10
39.45 2.011 0.007 2.209 0.03 330 0.119 0.049 0.0334 0.0594 0.00371 0.0026 146 0.774 113.004 9.83 0.50 --- 0.55 0.01 82.21 0.03 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 294.79 379.02 0.40 49.71 14.20 45548.69 2.20 1.07 0.31 0.25 0.10 0.07
Alternative C ( 80% Facilities Consolidated )12

Water truck (130 bbl, process) 10.641 14.16 0.015 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 1123 10.16 11409.68 267.66 356.18 0.38 45.88 13.30 42761.15 2.04 0.98 0.27 0.21 0.09 0.07

Condensate tanker (200 bbl) 10.641 14.16 0.015 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 32.4 10.16 329.184 7.72 10.28 0.01 1.32 0.38 1233.71 0.06 0.03 0.01 0.01 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.006 1.262 0.2256 230 0.019 0.046 0.0487 0.02524 0.00371 0.0026 219 0.774 169.506 0.91 0.52 --- 0.47 0.08 85.95 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10
39.45 2.011 0.007 2.209 0.03 330 0.119 0.049 0.0334 0.0594 0.00371 0.0026 146 0.774 113.004 9.83 0.50 --- 0.55 0.01 82.21 0.03 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 286.12 367.47 0.39 48.23 13.77 44163.02 2.13 1.03 0.30 0.24 0.10 0.07
Alternative B and D ( 90% Facilities Consolidated )12

Water truck (130 bbl, process) 10.641 14.16 0.015 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 1123 10.08 11319.84 265.55 353.37 0.38 45.52 13.19 42424.44 2.02 0.97 0.27 0.21 0.09 0.06

Condensate tanker (200 bbl) 10.641 14.16 0.015 1.824 0.5286 1700 0.081 0.039 0.0107 0.0085 0.00371 0.0026 32.4 10.08 326.592 7.66 10.20 0.01 1.31 0.38 1224.00 0.06 0.03 0.01 0.01 0.00 0.00

Light duty diesel truck9 2.429 1.395 0.006 1.262 0.2256 230 0.019 0.046 0.0487 0.02524 0.00371 0.0026 219 0.774 169.506 0.91 0.52 --- 0.47 0.08 85.95 0.01 0.02 0.02 0.01 0.00 0.00

Light duty gasoline truck10
39.45 2.011 0.007 2.209 0.03 330 0.119 0.049 0.0334 0.0594 0.00371 0.0026 146 0.774 113.004 9.83 0.50 --- 0.55 0.01 82.21 0.03 0.01 0.01 0.01 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 283.95 364.59 0.39 47.85 13.66 43816.61 2.12 1.03 0.30 0.24 0.10 0.07

1

2

5

6

7

8

9

10

11

12

13

Emission factors reflect the Rio Blanco County, Colorado, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

(g/mi) (lb/well pad)
Pollutant Emissions

9/3/2010

Vehicle Exhaust Associated With Producing Well Pads

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control), Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of 
Mobile Sources, American Petroleum Institute (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control), Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types 
of Mobile Sources, American Petroleum Institute (2004).

Sum of original local and resource road distances scaled to reflect consolidation.
Field wide operations consolidation percentages determined and provided by WRFO personnel (September 2009).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, 
with average winter/summer concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, 
CO, with average winter/summer concentrations.
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WRFO Alternative: All
Phase: Production

Activity: Well Pad Heating
Emissions: Combustion Emissions from 

Natural Gas Fired Heater
Date: 9/3/2010

Fuel Combustion Source:
Heater Fuel Input1 1.0 MMBtu/hr

Operating Parameters:
Operated 24 hr/day, 7 days/week
Operating hours 2,628 hr/yr
Capacity (%) 100 (while operating)
Seasonal Usage (%)   Winter 20   Spring 5

Summer 0   Fall 5

Potential Fuel Combustion for the Year for Unit:
Volume of Natural Gas Combusted 2.50 MMscf/yr
Heat Content 1050 Btu/scf

(lb/MMscf) (lb/well pad per year) (lb/well)
CO 84.0 210.24 8 26.28
NOx 100.0 250.29 8 31.29
PM10 7.6 19.02 8 2.38
PM2.5 7.6 19.02 8 2.38
SO2 --- --- 8 ---
VOC 5.5 13.77 8 1.72
CO2 120,000.0 300342.86 8 37542.86
CH4 2.3 5.76 8 0.72
N2O

2 2.2 5.51 8 0.69
Formaldehyde 0.0750 0.19 8 0.02
Benzene 0.0021 0.01 8 0.00
Ethylbenzene --- --- 8 ---
Toluene 0.0034 0.01 8 0.00
Xylene --- --- 8 ---

1

2
Assumes four 0.25-MMBtu natural gas fired heaters per well pad.

EPA AP-42, Volume I, Fifth Edition - August 2000, Tables 1.4-1, 1.4-2, and 1.4-3, Uncontrolled Emission Factors for 
Natural Gas Combustion.

Emission Factor2 Emissions
Wells per 

Pad Emissions per Well

Well Pad Heaters

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-33



WRFO Alternative: 2 A (uncontrolled vent emissions)
B, C, and D (controlled vent emissions)

Phase: Production
Activity: Compressor Station Glycol Dehydrator

Emissions: Emissions From Ethylene Glycol Dehydrator
Date: 9/3/2010

Ethylene Glycol Dehydrator
Throughput at Example Facility 70.00 MMscfd

50.00%
Average Gas Production Per Well 0.296 MMscfd
Number of Wells Served 473.22

Flash Tank and Condenser Parameters:
Operating Parameters: Flash Tank Temperature 140 ° F
Operating Hours 8760 hr/yr Flash Tank Pressure 70 psig
Vent Control Efficiency (%) 90 (Alternatives B, C, and D) Condenser Temperature 90 ° F
Wet Gas Temperature 85 ° F Condenser Pressure 10 psig
Wet Gas Pressure 900 psig
Wet Gas Water Content Saturated Reboiler Fuel Combustion:
Dry Gas Water Content 5 lb water/MMscf Reboiler Fuel Input 1.00 MMBtu/hr
Glycol Type DEG Volume of Natural Gas Combusted 8.34 MMscf/yr
Glycol Circulation Rate 15.0 gal/minute Heat Content 1050 Btu/scf

Uncontrolled 
Emissions3

Uncontrolled 
Emissions2

Controlled 
Emissions2

Uncontrolled 
Emissions2

Controlled 
Emissions2

(ton/yr) (lb/yr) (lb/yr) (lb/well/yr) (lb/well/yr) (lb/MMscf) (lb/yr) (lb/well/yr)
VOC 64.1267 128,253.40 12,825.34 271.02 27.10 CO 84.0 700.80 1.481
Benzene 11.6838 23,367.60 2,336.76 49.38 4.94 NOx 100.0 834.29 1.763
Toluene 6.9168 13,833.60 1,383.36 29.23 2.92 PM10 7.6 63.41 0.134
Ethylbenzene 0.0000 0.00 0.00 0.00 0.00 PM2.5 7.6 63.41 0.134
Xylene 2.1314 4,262.80 426.28 9.01 0.90 SO2 --- --- ---
Hexane 5.9587 11,917.40 1,191.74 25.18 2.52 VOC 5.5 45.89 0.097
CO2 8.0485 16,097.02 1,609.70 34.02 3.40 CO2 120,000.0 1,001,142.86 2,115.602
CH4 103.2862 206,572.40 20,657.24 436.53 43.65 CH4 2.3 19.19 0.041
N2O 0.0000 0.00 0.00 0.00 0.00 N2O

2 2.2 18.35 0.039
Formaldehyde 0.0750 0.63 0.001
Benzene 0.0021 0.02 0.000
Ethylbenzene --- --- ---
Toluene 0.0034 0.03 0.000
Xylene --- --- ---

1

2

3

Glycol Dehydrator Vent  and 
Flash Gas Emissions

Uncontrolled 
Emissions

In-field glycol dehydration may occur at compressor stations, consolidated facilities, or well pads.  To avoid double-counting, field glycol dehydration is assumed to occur at compressor stations.  Gas 
dehydration at gas plants is included in the model gas plant calculations.
Alternative A emissions include uncontrolled vent, flash gas, and reboiler emissions.  Alternative B, C, and D emissions include controlled vent and flash gas emissions, with uncontrolled reboiler 
emissions.

Compressor Station Dehydration 1

Emissions obtained from GRI GlyCalc 4.0 based on parameters provided by oil and gas operator.  Emissions include combined regenerator vent and flash gas emissions.

Uncontrolled 
Emissions per 

Well
Emission 
Factor9

Percentage of Gas Needing Dehydration Before Gas Plant

Reboiler 
Emissions
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Phase: Production
WRFO Alternatives: A (uncontrolled)

B, C, D (controlled)
Activity: Consolidated Facilities Tanks

Emissions: Emissions from Condensate and 
Produced Water Tanks

Date: 9/3/2010
Tanks per Well Pad Capacity
(1/20) Condensate Tanks 500 bbl each
(1/20) Produced Water Tanks 10,000 bbl each

Operating Parameters per Well3:
Operating hours 8760 hr/yr

Condensate Parameters per Well Produced Water Parameters per Well
Condensate Production 5 bbl/MMscf of gas Produced Water Production 600 bbl/day/pad
Gas Production Per Well 0.296 MMscfd Number of Wells per Pad 8
Daily Condensate Throughput 1.48 bbl/day/well Daily Produced Water Production per Well 75 bbl/day/well
Annual Condensate Throughput 539.92 bbl/well Annual Produced Water Throughput 27,375 bbl/well
Condensate Control Efficiency (%) 95 % Produced Water Control Efficiency (%) 95 %

Alternatives B and D Consolidated Facilities -- Emissions per Well4

Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)
VOC 10.000 4,859.27 242.96 VOC 0.003 73.91 3.70
Benzene 0.048 23.32 1.17 Benzene --- --- ---
Hexane 0.140 68.03 3.40 Hexane --- --- ---

Alternatives B and D Well Pads -- Emissions per Well4

Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)
VOC 10.000 539.92 27.00 VOC 0.003 8.21 0.41
Benzene 0.048 2.59 0.13 Benzene --- --- ---
Hexane 0.140 7.56 0.38 Hexane --- --- ---

Alternatives A and C Well Pads -- Emissions per Well4

Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr) Pollutant (lb/bbl) (lb/well/yr) (lb/well/yr)
VOC 10.000 5,399.19 269.96 VOC 0.003 82.13 4.11
Benzene 0.048 25.92 1.30 Benzene --- --- ---
Hexane 0.140 75.59 3.78 Hexane --- --- ---

1

2

3

4

Condensate Produced Water
Emission 
Factor 2

Uncontrolled 
Emissions

Controlled 
Emissions Emission Factor 3

The VOC emission factor for produced water tanks was supplied by WRFO oil and gas operators, based on preliminary results from a study overseen by the 
Colorado Department of Public Health and the Environment.
For Alternatives B and D, 90% of operations occur at consolidated facilities and 10% at well pads.  For Alternatives A and C, operations occur at well pads.

Produced Water

Uncontrolled 
Emissions

Controlled 
Emissions

Emission 
Factor 2

Uncontrolled 
Emissions

Controlled 
Emissions Emission Factor 3

Uncontrolled 
Emissions

Controlled 
Emissions

Alternative A emissions are based on uncontrolled condensate and produced water tank emissions.  Alternative B, C, and D emissions are based on 
controlled emissions from both types of tanks.
Emission factors for condensate tanks are based on "Oil & Gas Condensate Tank Batteries Regulatory Definitions and Permitting Guidance," PS Memo 05-
01, Section 4.1 for Garfield, Mesa, Rio Blanco, and Moffat counties.

Emission 
Factor 2

Uncontrolled 
Emissions Emission Factor 3

Uncontrolled 
Emissions

Controlled 
Emissions

Condensate

Tanks 1

Controlled 
Emissions

Condensate Produced Water
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Phase: Production
WRFO Alternatives: All

Activity: Field Gas Compression
Emissions: Natural Gas Fired Compressor Engine Emissions

Date: 9/3/2010

Operating Parameters:

Throughput Capacity at Compressor Station 180 MMscfd
Number of Wells Served 608 Assuming that all of producing wells need compression
Operating hours 8,760
Capacity (%) 100
Annual Load (%)   Winter 25   Spring 25

Summer 25   Fall 25

Engine design (hp) 17,500

Potential Fuel Combustion for the Year for Unit:
Example Plant Volume of Natural Gas Combusted 1007.84 MMscf
Assumes gas consumed at rate of 6903 Btu/hp-hr
Heat Content 1050 Btu/scf
Example Plant Heat Input 1,058,230 MMBtu/yr

Emission Data:

(g/hp-hr) (g/hp-hr) (lb) (lb) (lb/well) (lb/well)
CO 4.0 2.0 CDPHE Reg 7 Standard 1,351,852 675,926 608 2,221.89 1,110.95
NOx 2.0 1.0 CDPHE Reg 7 Standard 675,926 337,963 608 1,110.95 555.47
PM10 --- --- --- --- --- 608 --- ---
PM2.5 --- --- --- --- --- 608 --- ---
SO2 --- --- --- --- --- 608 --- ---
VOC 1.0 0.7 CDPHE Reg 7 Standard 337,963 236,574 608 555.47 388.83

(lb/MMBtu) (lb/MMBtu)
CO2 110.000 110.000 AP-422 116,405,289 116,405,289 608 191,322.57 191,322.57
CH4 1.250 1.250 AP-422 1,322,787 1,322,787 608 2,174.12 2,174.12
N2O

4 0.001 0.001 IPCC4 977 977 608 1.60 1.60
Formaldehyde 0.052800 0.052800 AP-422 55,875 55,875 608 91.83 91.83
Benzene 0.000440 0.000440 AP-422 466 466 608 0.77 0.77
Ethylbenzene 0.000040 0.000040 AP-422 42 42 608 0.07 0.07
Toluene 0.000408 0.000408 AP-422 432 432 608 0.71 0.71
Xylene 0.000184 0.000184 AP-422 195 195 608 0.32 0.32
n-Hexane 0.001110 0.001110 AP-422 1,175 1,175 608 1.93 1.93

1

2

3

4

2007 
Emission 
Factor2

2010 Emission 
Factor2 Reference 2007 Emissions

2010  
Emissions

Emissions Per Well

Field Compressor Stations

2007 Emissions 2010  Emissions

Based on the Williams Webster Hill Compressor Station.  Five natural gas-fired 3,500-hp lean-burn compressor engines (17,500 hp total) are designed to transport 180 MMscf/day to a central gas treatment 
facility.  ["Construction Permit Application for Webs

Compressor Station Total
Number of 

Wells 
Served3

EPA AP-42, Volume I, Fifth Edition - August 2000, Table 3.2-2, Uncontrolled Emission Factors for 4-Stroke Lean-Burn Engines, converted to lb/MMBtu.

Based on individual well production estimates, this compressor station is estimated to have enough capacity to serve 605 wells.

IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, Chapter 2 Energy, Table 2.2, Default Emission Factors for Stationary Combustion in the Energy Industries, 
default factors for N2O (IPCC) 2000.
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WRFO Alternative: Alternative D
This calculation reflects Alternative D.  The Needed throughput, scaling factor, and number of wells are revised for Alternative A, B, and C calculations. Phase: Production

Activity: Gas Processing
Emissions: Gas Processing and Recompression

Date: 9/3/2010

Example Gas Processing Plant
Example Gas Plant Throughput1 200 MMscf/day Operating Parameters:
Needed Throughput (Alternative D) 9,300 MMscf/day Operating hours 8,760
Scaling Factor (Alternative D) 46.50 Capacity (%) 100

Capacity Number of 
CO NOx SO2 PM10 PM2.5 VOC Scaling Wells CO NOx SO2 PM10 PM2.5 VOC

Emission Source (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) Factor (lb/well) (lb/well) (lb/well) (lb/well) (lb/well) (lb/well)
Sources Directed to Thermal Oxidizer2 8.836 3.630 0.000 0.753 0.753 0.616 46.500 21,200 169.77 69.75 0.00 14.48 14.48 11.84
Sources Directed to Flare3 1.895 0.342 0.000 0.000 0.000 0.776 46.500 21,200 36.41 6.58 0.00 0.00 0.00 14.92
Medium Fired Heater 3.151 3.744 0.000 0.297 0.297 0.205 46.500 21,200 60.54 71.94 0.00 5.70 5.70 3.95
Compressor Seal Gas4 0.000 0.000 0.000 0.000 0.000 1.187 46.500 21,200 0.00 0.00 0.00 0.00 0.00 22.81
Fugitive Emissions 1.142 0.205 0.000 0.000 0.000 26.119 46.500 21,200 21.93 3.95 0.00 0.00 0.00 501.85
Emergency Generator5 0.502 2.215 0.046 0.068 0.068 0.068 46.500 21,200 9.65 42.55 0.88 1.32 1.32 1.32
Amine Drain Sump 0.000 0.000 0.000 0.000 0.000 0.002 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00
Treated Water Tank 0.000 0.000 0.000 0.000 0.000 0.030 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00
Evaporation Pond6 0.000 0.000 0.000 0.000 0.000 2.648 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00
Produced Liquids and Storage Tanks7 0.000 0.000 0.000 0.000 0.000 1.826 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00

Total 15.53 10.14 0.05 1.12 1.12 33.48 Total 298.30 194.77 0.88 21.50 21.50 556.68

Capacity Number of 
Benzene Toluene Ethylbenzene Xylene Formaldehyde Hexane Scaling Wells Benzene Toluene Ethylbenzene Xylene Form. Hexane

Emission Source (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) Factor (lb/well) (lb/well) (lb/well) (lb/well) (lb/well) (lb/well)
Sources Directed to Thermal Oxidizer2 ADD 0.036 0.022 0.000 0.004 0.000 0.006 46.500 21,200 0.69 0.43 0.00 0.07 0.00 0.12
Sources Directed to Flare3 0.002 0.001 0.000 0.000 0.000 0.007 46.500 21,200 0.04 0.03 0.00 0.00 0.00 0.14
Medium Fired Heater 0.000 0.000 0.000 0.000 0.003 0.067 46.500 21,200 0.00 0.00 0.00 0.00 0.05 1.30
Compressor Seal Gas4 0.003 0.002 0.000 0.000 0.000 0.011 46.500 21,200 0.07 0.04 0.00 0.00 0.00 0.21
Fugitive Emissions 0.232 0.326 0.004 0.194 0.000 0.640 46.500 21,200 4.47 6.26 0.07 3.72 0.00 12.30
Emergency Generator5 0.000 0.000 0.000 0.000 0.000 0.000 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00
Amine Drain Sump 0.000 0.000 0.000 0.000 0.000 0.000 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00
Treated Water Tank 0.000 0.000 0.000 0.000 0.000 0.000 46.500 21,200 0.00 0.00 0.00 0.00 0.00 0.00
Evaporation Pond6 0.470 0.817 0.016 0.365 0.000 0.016 46.500 21,200 9.04 15.70 0.31 7.02 0.00 0.31
Produced Liquids and Storage Tanks7 0.064 0.101 0.002 0.048 0.000 0.057 46.500 21,200 1.24 1.95 0.04 0.92 0.00 1.10

Total 0.81 1.27 0.02 0.61 0.00 0.81 Total 15.54 24.41 0.42 11.74 0.05 15.47

Capacity Number of 
Scaling CO2 CH4 N2O

9 CO2 CH4 N2O Scaling Wells CO2 CH4 N2O
Emission Source Pollutant (unitless) (unitless) (unitless) (lb/hr) (lb/hr) (lb/hr) Factor (lb/well) (lb/well) (lb/well)
Sources Directed to Thermal Oxidizer8 --- --- --- --- 1945.259 0 0 46.500 21,200 37,376.50 8.95 0.00
Sources Directed to Flare8 --- --- --- --- 473.354 0.587 0.002 46.500 21,200 9,095.10 11.27 0.03
Medium Fired Heater (38.2 MMBtu/hr)9 --- --- --- --- 4461.877 0.076 0.008 46.500 21,200 85,731.18 1.46 0.16
Compressor Seal Gas10 VOC 0.000 9.698 0.000 0.000 11.514 0.000 46.500 21,200 0.00 221.23 0.00
Fugitive Emissions 10 VOC 0.000 9.698 0.000 0.000 253.305 0.000 46.500 21,200 0.00 4,867.05 0.00
Emergency Generator (35.4 MMBtu/hr, 200 --- --- --- --- 5703.379 0.234 0.047 46.500 21,200 2,501.95 0.10 0.02
Amine Drain Sump 10 VOC 0.000 9.698 0.000 0.000 0.022 0.000 46.500 21,200 0.00 0.43 0.00
Treated Water Tank 10 VOC 0.000 0.007 0.000 0.000 0.000 0.000 46.500 21,200 0.00 0.00 0.00
Evaporation Pond 10 VOC 0.000 0.007 0.000 0.000 0.019 0.000 46.500 21,200 0.00 0.36 0.00
Produced Liquids and Storage Tanks10 VOC 0.000 0.007 0.000 0.000 0.013 0.000 46.500 21,200 0.00 0.25 0.00

Total 12,583.87 266.24 0.06 Total 134,704.73 5,111.10 0.22

1

2

3

4

5

6

7

8

9

10 GHG emissions from these sources are scaled based on VOC content and natural gas composition.

Example Plant Emissions Gas Processing Emissions Per Well

Example Plant Emissions Gas Processing Emissions Per Well

The emergency generator is a rated 3.0 MW diesel fired engine, with heat input of 35.4 MMBtu/hr up to 200 hr/yr.  Emission calculation based on AP-42 emission factor (Table 3.4-1 and 3.4-2), assuming uncontrolled NOx, and sulfur content of fule is 500 ppm.  GHG 
emission factors are from proposed 40 CFR Part 98, Subpart C, Tables C-1 and C-2.

Control effeciency for fugitive emissions from the evaporation pond is an average of 90%.  The controlled emission rate shown here includes emissions resulting from times when the Produced Water Stripper Compressor is shutdown, which is 5% of the time.
All storage tanks at the facility which consists of Produced Liquids Skim Tanks (2), Produced Liquids Surge Tank, and Condensate Storage Tanks (2).  Emissions calculations are based on the assumption that the Produced Liquids Skim Tanks and the Produced 
Liquids Surge Tank will vent 1% of the time, and the Condensate Storage Tanks will vent 5% of the time.

Gas Processing and Recompression

Gas processing and recompression emissions are based on the Enterprise Piceance Development Project -- Central Treating Facility (CTF), which was initially permitted by ExxonMobil Corp.  Emissions for this "model plant" facility were obtained from the 
preconstruction permit application submitted by ExxonMobil Production on March 16, 2006.  This CTF is designed to process up to 200 MMScf/day of plant feed gas to produce pipeline quality sales gas.  The Valley Sludge Catcher is a series of condensate and 
process water tanks that moderate flow of condensate and process water as they proceed to the CTF. The Black Sulfur Tank Battery consists of a seperator tank for segregating the condensate and process water gathered from wells.  Seperator and Tanks emissions 
associated with these facilities are vented to the same flare; those with Truck Loadout operations emissions are included in the Fugitive Emissions line.

The thermal oxidizer controls emissions from Amine Vent Gas, Glycol Vent Gas and Thermal Oxidizer Purge Gases.  The thermal oxidizer achieves 99 percent VOC/HAP control efficiency.

GHG emissions from the medium fired heater and the emergency generator are based on heat input and emission factors in proposed 40 CFR Part 98, Tables C-1 and C-2.

Thermal oxidizer and flare GHG emissions are estimated using methods included in the "API Compendium of GHG Emission Estimation Methodologies for the Oil and Gas Industry," Sections 4.7 and 4.6, respectively.  See the next page for detailed calculations.

Example Plant EmissionsVOC Pollutant Scaling Factor Emissions Per Well

The Flare controls emissions from Pilot and Purge Gases.

Seal gas from the inlet/booster compressor.  This is an electric compressor; no combustion emissions are generated.
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WRFO Alternative: Alternative D
Phase: Production

Activity: GHG Emissions From Gas Processing
Emissions: Gas Processing and Recompression

Date: 9/3/2010

Example Gas Processing Plant
Example Gas Plant Throughput1 200 MMscf/day Operating Parameters:
Needed Throughput (Alternative D) 9,300 MMscf/day Operating hours 8,760 Gas Heating Value 1050 Btu/scf
Scaling Factor (Alternative D) 46.50 Capacity (%) 100 Gas Molecular Weight 18.01 lb/lb-mol

Controlled 
VOC 

Emissions TOC/VOC

Controlled 
TOC 

Emissions

Control 
Device 
Control 

Efficiency 3
Uncontrolled 

TOC Emissions
Carbon Content 
of Flared Gas MW CO2/MW C

CO2 

Formation 
Efficiency CO2 Emissions

(lb/hr) (unitless) (lb/hr) (%) (lb/hr) (lb C/lb) (unitless) (%) (lb/hr)
Thermal Oxidizer 1 0.616 11.916 7.345 99.000 734.546 0.712 3.667 99 1,898.67
Flare 2 0.776 11.916 9.250 95.000 184.997 0.712 3.667 98 473.35

CO2/TOC

Uncontrolled 
TOC 

Emissions
CO2 

Emissions
(unitless) (lb/hr) (lb/hr)

Thermal Oxidizer 1 0.063 734.546 46.586
Flare 2 0.063 184.997 11.733

CH4/TOC

Uncontrolled 
TOC 

Emissions

Uncontrolled 
CH4 

Emissions

Control Device 
Control 

Efficiency 3
Controlled CH4 

Emissions
(unitless) (lb/hr) (lb/hr) (%) (lb/hr)

Thermal Oxidizer 1 0.063 734.546 46.586 99.000 0.466
Flare 2 0.063 184.997 11.733 95.000 0.587

Uncontrolled 
TOC 

Emissions Gas MW -1 Gas Density

Control 
Device 
Control 

Efficiency 3 Heating Value
N20 Emission 

Factor N2O Emissions
N2O 

Emissions

(lb/hr) (lb-mol/lb) (scf/lb-mol) (%) (Btu/scf)
(tonnes 

N2O/MMBtu) (tonnes/hr) (lb/hr)
Thermal Oxidizer 4

Flare 2 184.997 0.056 379.300 95.000 1050.000 9.50E-08 0.000 1.71E-03

1

2

3

4

Thermal oxidizer emissions are calculated using procedures from Section 4.7 of the "API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry".
Flare emissions are calculated using procedures from Section 4.6 of the "API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry" (DATE??).

Flare and Incinerator Greenhouse Gas Emissions From Gas Processing and Recompression

N2O Combustion Byproduct

This calculation reflects Alternative D.  The Needed throughput, scaling factor, and number of wells are 
revised for Alternative A, B, and C calculations.

Control efficiencies are given in the preconstruction permit application submitted by ExxonMobil Production on March 16, 2006 for the Enterprise Piceance Development Project -- Central Treating Facility 
(CTF).

The "API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry" does not include a methodology for estimating N2O emissions from thermal oxidizers.

CO2 Formed During Combustion

CO2 Entering as Part of Gas

CH4 Uncombusted
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WRFO Alternative: Alternative A
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 48.670 4.870 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 162.100 16.210 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 2.845 3.099 0.003 0.112 0.112 0.458 0.004 0.001 --- 0.001 --- 0.005 346.310 0.019 0.011

Subtotal 18.13 7.43 0.06 212.28 22.59 1.87 0.01 0.00 0.00 0.00 0.00 0.01 1,375 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 828.996 82.900 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 13.106 9.849 0.014 0.489 0.489 1.688 0.008 0.003 --- 0.002 --- 0.010 1573.512 0.075 0.036
   Drilling Traffic Road Dust --- --- --- 723.040 72.304 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 8.438 45.448 0.005 0.531 0.531 4.614 0.098 0.010 --- 0.007 --- 0.109 1193.333 0.168 0.129
   Drill Rig Engines - Tier 4b (2015) 444.444 2311.111 24.711 19.556 19.556 124.444 2.633 1.153 --- 0.806 --- 0.223 463680.000 22.297 5.005
   Frac Pump Engines - Tier4b 134.921 701.587 7.502 5.937 5.937 37.778 0.799 0.350 0.245 0.068 140760.000 6.769 1.519

Subtotal (with Tier 4B drill rigs) 600.91 3,068.00 32.23 1,578.55 181.72 168.52 3.54 1.52 0.00 1.06 0.00 0.41 607,206.85 29.31 6.69
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 549.747 54.975 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 8.766 6.587 0.009 0.327 0.327 1.129 0.005 0.002 --- 0.002 --- 0.007 1052.381 0.050 0.024
   Completion Traffic Road Dust --- --- --- 562.223 56.222 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 10.261 9.140 0.011 0.391 0.391 1.449 0.010 0.003 -- 0.002 --- 0.011 1238.393 0.063 0.032
   Completion Venting and Flaring 50.000 42.000 --- 3.800 3.800 1725.774 25.177 20.897 --- 13.941 --- --- 61264.352 16226.519 1.100

Subtotal 69.03 57.73 0.02 1,116.49 115.71 1,728.35 25.19 20.90 0.00 13.94 0.00 0.02 63,555.13 16,226.63 1.16
CONSTRUCTION SUBTOTAL1 688.06 3,133.15 32.31 2,907.31 320.02 1,898.75 28.74 22.42 0.00 15.01 0.00 0.44 672,137 16,256 8

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 253.868 25.387 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 1821.993 182.199 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 29.007 23.044 0.031 1.090 1.090 3.848 0.020 0.008 --- 0.006 --- --- 3488.188 0.170 0.083
   Pad Heaters 31.286 26.280 --- 2.378 2.378 1.721 0.001 0.001 --- --- --- 0.023 37542.857 0.720 0.688
   Produced Water and Condensate Tanks (all at well pads) --- --- --- --- --- 5481.318 25.916 --- --- --- 75.589 --- --- --- ---
   Truck Loading --- --- --- --- --- 1.775 0.029 0.047 0.001 0.014 0.223 --- 0.232 0.777 0.000
   Pneumatic Devices --- --- --- --- --- 527.605 7.562 6.276 0.000 4.187 52.457 --- 398.726 5116.832 0.000
   Pneumatic Pumps --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.545 0.812 --- 0.040 0.040 16.781 0.252 0.209 0.000 0.140 1.747 0.001 691.304 162.269 0.012
   Equipment Leaks --- --- --- --- --- 186.437 2.874 7.772 0.201 7.355 19.560 --- 91.227 1169.439 0.000

Subtotal 60.84 50.14 0.03 2,079.37 211.09 6,227.07 36.76 14.40 0.20 11.76 150.33 0.02 42,218.27 6,523.77 0.78
Centralized Compression and Processing
   Field Compression (2010 Emissions) 550.667 1101.335 --- --- --- 385.467 0.759 0.703 0.068 0.317 1.914 91.040 189667.536 2155.313 1.591
   Compressor Station Equipment Leaks --- --- --- --- --- 5.923 0.097 0.401 0.012 0.397 0.650 --- 1.519 19.420 0.000
   Compressor Station Dehydrators 1.763 1.481 --- 0.134 0.134 271.120 49.380 29.233 --- 9.008 25.184 0.001 2149.618 436.567 0.039
   Gas Processing and Recompression 419.596 642.624 1.890 46.307 46.307 1385.801 33.475 52.586 0.912 25.292 33.328 0.116 520878.679 11020.177 2.357

Subtotal (with 2010 engines) 972.03 1,745.44 1.89 46.44 46.44 2,048.31 83.71 82.92 0.99 35.01 61.08 91.16 712,697.35 13,631.48 3.99
PRODUCTION SUBTOTAL 1,032.86 1,795.58 1.92 2,125.81 257.53 8,275.38 120.47 97.33 1.19 46.78 211.41 91.18 754,916 20,155 5

CONSTRUCTION AND PRODUCTION TOTAL 1,720.93 4,928.73 34.23 5,033.12 577.55 10,174.13 149.21 119.75 1.19 61.78 211.41 91.62 1,427,053 36,411 13

1

Emissions by Source Category

9/3/2010

Year 2028 Emission Summary (lb/well)
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Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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WRFO Alternative: Alternative A
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0243 0.0024 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0811 0.0081 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0014 0.0015 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1732 0.0000 0.0000

Subtotal 0.0091 0.0037 0.0000 0.1061 0.0113 0.0009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6877 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.4145 0.0414 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0066 0.0049 0.0000 0.0002 0.0002 0.0008 0.0000 0.0000 --- 0.0000 --- 0.0000 0.7868 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.3615 0.0362 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0042 0.0227 0.0000 0.0003 0.0003 0.0023 0.0000 0.0000 --- 0.0000 --- 0.0001 0.5967 0.0001 0.0001
   Drill Rig Engines - Tier 2 1.6889 1.1556 0.0124 0.0667 0.0667 0.4444 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4a (2011) 0.2222 1.1556 0.0124 0.0333 0.0333 0.1333 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4b (2015) 0.2222 1.1556 0.0124 0.0098 0.0098 0.0622 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Frac Pump Engines - Tier4b 0.0675 0.3508 0.0038 0.0030 0.0030 0.0189 0.0004 0.0002 --- 0.0001 --- 0.0000 70.3800 0.0034 0.0008

Subtotal 0.3005 1.5340 0.0161 0.7893 0.0909 0.0843 0.0018 0.0008 0.0000 0.0005 0.0000 0.0002 303.6034 0.0147 0.0033
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.2749 0.0275 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0044 0.0033 0.0000 0.0002 0.0002 0.0006 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5262 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.2811 0.0281 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0051 0.0046 0.0000 0.0002 0.0002 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.6192 0.0000 0.0000
   Completion Venting and Flaring 0.0250 0.0210 --- 0.0019 0.0019 0.8629 0.0126 0.0104 --- 0.0070 --- --- 30.6322 8.1133 0.0006

Subtotal 0.0345 0.0289 0.0000 0.5582 0.0579 0.8642 0.0126 0.0105 0.0000 0.0070 0.0000 0.0000 31.7776 8.1133 0.0006
CONSTRUCTION TOTAL1 0.3440 1.5666 0.0162 1.4537 0.1600 0.9494 0.0144 0.0112 0.0000 0.0075 0.0000 0.0002 336.0686 8.1280 0.0039

Well Pad Emissions
   Wind Erosion --- --- --- 0.1269 0.0127 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.9110 0.0911 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0145 0.0115 0.0000 0.0005 0.0005 0.0019 0.0000 0.0000 --- 0.0000 --- --- 1.7441 0.0001 0.0000
   Pad Heaters 0.0156 0.0131 --- 0.0012 0.0012 0.0009 0.0000 0.0000 --- --- --- 0.0000 18.7714 0.0004 0.0003
   Condensate Tanks --- --- --- --- --- 2.7407 0.0130 --- --- --- 0.0378 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0001 0.0004 0.0000
   Pneumatic Devices --- --- --- --- --- 0.2638 0.0038 0.0031 0.0000 0.0021 0.0262 --- 0.1994 2.5584 0.0000
   Pneumatic Pumps --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0003 0.0004 --- 0.0000 0.0000 0.0084 0.0001 0.0001 0.0000 0.0001 0.0009 0.0000 0.3457 0.0811 0.0000
   Equipment Leaks --- --- --- --- --- 0.0932 0.0014 0.0039 0.0001 0.0037 0.0098 --- 0.0456 0.5847 0.0000

Subtotal 0.0304 0.0251 0.0000 1.0397 0.1055 3.1135 0.0184 0.0072 0.0001 0.0059 0.0752 0.0000 21.1091 3.2619 0.0004
Centralized Compression and Processing
   Field Compression (2007 Emissions) 0.5507 1.1013 --- --- --- 0.2753 0.0004 0.0004 0.0000 0.0002 0.0010 0.0455 94.8338 1.0777 0.0008
   Field Compression (2010 Emissions) 0.2753 0.5507 --- --- --- 0.1927 0.0004 0.0004 0.0000 0.0002 0.0010 0.0455 94.8338 1.0777 0.0008
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0030 0.0000 0.0002 0.0000 0.0002 0.0003 --- 0.0008 0.0097 0.0000
   Compressor Station Dehydrators 0.0009 0.0007 --- 0.0001 0.0001 0.1356 0.0247 0.0146 --- 0.0045 0.0126 0.0000 1.0748 0.2183 0.0000
   Gas Processing and Recompression 0.2098 0.3213 0.0009 0.0232 0.0232 0.6929 0.0167 0.0263 0.0005 0.0126 0.0167 0.0001 260.4393 5.5101 0.0012

Subtotal (with 2010 engines) 0.4860 0.8727 0.0009 0.0232 0.0232 1.0242 0.0419 0.0415 0.0005 0.0175 0.0305 0.0456 356.3487 6.8157 0.0020
PRODUCTION SUBTOTAL 0.5164 0.8978 0.0010 1.0629 0.1288 4.1377 0.0602 0.0487 0.0006 0.0234 0.1057 0.0456 377.4578 10.0776 0.0024

CONSTRUCTION AND PRODUCTION TOTAL 0.8605 2.4644 0.0171 2.5166 0.2888 5.0871 0.0746 0.0599 0.0006 0.0309 0.1057 0.0458 713.5265 18.2056 0.0063

1

Emissions by Source Category
(ton/well)

9/3/2010

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.

Year 2028 Emission Summary (ton/well)
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WRFO Alternative: Alternative B
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 48.670 4.870 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 52.833 5.283 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 2.845 3.099 0.003 0.112 0.112 0.458 0.004 0.001 --- 0.001 --- 0.005 346.310 0.019 0.011

Subtotal 18.13 7.43 0.06 103.01 11.66 1.87 0.01 0.00 0.00 0.00 0.00 0.01 1,375 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 270.191 27.019 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 13.106 9.849 0.014 0.489 0.489 1.688 0.008 0.003 --- 0.002 --- 0.010 1573.512 0.075 0.036
   Drilling Traffic Road Dust --- --- --- 235.658 23.566 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 8.438 45.448 0.005 0.531 0.531 4.614 0.098 0.010 --- 0.007 --- 0.109 1193.333 0.168 0.129
   Drill Rig Engines - Tier 4b (2015) 444.444 2311.111 24.711 19.556 19.556 124.444 2.633 1.153 --- 0.806 --- 0.223 463680.000 22.297 5.005
   Frac Pump Engines - Tier4b 134.921 701.587 7.502 5.937 5.937 37.778 0.799 0.350 0.245 0.068 140760.000 6.769 1.519

Subtotal (with Tier 4B drill rigs) 600.91 3,068.00 32.23 532.36 77.10 168.52 3.54 1.52 0.00 1.06 0.00 0.41 607,206.85 29.31 6.69
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 179.177 17.918 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 8.766 6.587 0.009 0.327 0.327 1.129 0.005 0.002 --- 0.002 --- 0.007 1052.381 0.050 0.024
   Completion Traffic Road Dust --- --- --- 183.985 18.399 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 10.261 9.140 0.011 0.391 0.391 1.449 0.010 0.003 -- 0.002 --- 0.011 1238.393 0.063 0.032
   Completion Venting and Flaring 2.500 2.100 --- 0.190 0.190 86.289 1.259 1.045 --- 0.697 --- --- 3063.218 811.326 0.055

Subtotal 21.53 17.83 0.02 364.07 37.22 88.87 1.27 1.05 0.00 0.70 0.00 0.02 5,353.99 811.44 0.11
CONSTRUCTION SUBTOTAL1 640.56 3,093.25 32.31 999.44 125.98 259.26 4.82 2.57 0.00 1.76 0.00 0.44 613,936 841 7

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 253.868 25.387 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 118.140 11.814 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 5.819 5.619 0.006 0.224 0.224 0.861 0.006 0.002 --- 0.001 --- --- 704.326 0.037 0.019
   Pad Heaters 31.286 26.280 --- 2.378 2.378 1.721 0.001 0.001 --- --- --- 0.023 37542.857 0.720 0.688
   Produced Water and Condensate Tanks --- --- --- --- --- 274.066 1.296 --- --- --- 3.779 --- --- --- ---
   Truck Loading --- --- --- --- --- 1.775 0.029 0.047 0.001 0.014 0.223 --- 0.232 0.777 0.000
   Pneumatic Devices --- --- --- --- --- 527.605 7.562 6.276 0.000 4.187 52.457 --- 398.726 5116.832 0.000
   Pneumatic Pumps --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.545 0.812 --- 0.040 0.040 16.781 0.252 0.209 0.000 0.140 1.747 0.001 691.304 162.269 0.012
   Equipment Leaks --- --- --- --- --- 186.437 2.874 7.772 0.201 7.355 19.560 --- 91.227 1169.439 0.000

Subtotal 37.650 32.711 0.006 374.650 39.843 1016.831 12.129 14.397 0.202 11.757 78.521 0.024 39434.404 6523.640 0.719
Centralized Compression and Processing
   Field Compression (2010 Emissions) 551.566 1103.132 --- --- --- 386.096 0.760 0.705 0.069 0.318 1.917 91.189 189977.079 2158.830 1.594
   Compressor Station Equipment Leaks --- --- --- --- --- 5.923 0.097 0.401 0.012 0.397 0.650 --- 1.519 19.420 0.000
   Compressor Station Dehydrators 1.763 1.481 --- 0.134 0.134 27.199 4.938 2.923 --- 0.901 2.518 0.001 2119.004 43.693 0.039
   Gas Processing and Recompression 275.356 421.717 1.240 30.388 30.388 909.420 21.968 34.509 0.599 16.598 21.871 0.076 341822.297 7231.899 1.547

Subtotal (with 2010 engines) 828.69 1,526.33 1.24 30.52 30.52 1,328.64 27.76 38.54 0.68 18.21 26.96 91.27 533,919.90 9,453.84 3.18
PRODUCTION SUBTOTAL 866.34 1,559.04 1.25 405.17 70.37 2,345.47 39.89 52.94 0.88 29.97 105.48 91.29 573,354 15,977 4

CONSTRUCTION AND PRODUCTION TOTAL 1,506.90 4,652.30 33.55 1,404.61 196.35 2,604.73 44.71 55.51 0.88 31.73 105.48 91.73 1,187,290 16,818 11
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Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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WRFO Alternative: Alternative B
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0243 0.0024 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0264 0.0026 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0014 0.0015 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1732 0.0000 0.0000

Subtotal 0.0091 0.0037 0.0000 0.0515 0.0058 0.0009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6877 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.1351 0.0135 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0066 0.0049 0.0000 0.0002 0.0002 0.0008 0.0000 0.0000 --- 0.0000 --- 0.0000 0.7868 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.1178 0.0118 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0042 0.0227 0.0000 0.0003 0.0003 0.0023 0.0000 0.0000 --- 0.0000 --- 0.0001 0.5967 0.0001 0.0001
   Drill Rig Engines - Tier 2 1.6889 1.1556 0.0124 0.0667 0.0667 0.4444 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4a (2011) 0.2222 1.1556 0.0124 0.0333 0.0333 0.1333 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4b (2015) 0.2222 1.1556 0.0124 0.0098 0.0098 0.0622 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Frac Pump Engines - Tier4b 0.0675 0.3508 0.0038 0.0030 0.0030 0.0189 0.0004 0.0002 --- 0.0001 --- 0.0000 70.3800 0.0034 0.0008

Subtotal 0.3005 1.5340 0.0161 0.2662 0.0385 0.0843 0.0018 0.0008 0.0000 0.0005 0.0000 0.0002 303.6034 0.0147 0.0033
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.0896 0.0090 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0044 0.0033 0.0000 0.0002 0.0002 0.0006 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5262 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.0920 0.0092 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0051 0.0046 0.0000 0.0002 0.0002 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.6192 0.0000 0.0000
   Completion Venting and Flaring 0.0013 0.0011 --- 0.0001 0.0001 0.0431 0.0006 0.0005 --- 0.0003 --- --- 1.5316 0.4057 0.0000

Subtotal 0.0108 0.0089 0.0000 0.1820 0.0186 0.0444 0.0006 0.0005 0.0000 0.0004 0.0000 0.0000 2.6770 0.4057 0.0001
CONSTRUCTION TOTAL1 0.3203 1.5466 0.0162 0.4997 0.0630 0.1296 0.0024 0.0013 0.0000 0.0009 0.0000 0.0002 306.9681 0.4204 0.0034

Well Pad Emissions
   Wind Erosion --- --- --- 0.1269 0.0127 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.0591 0.0059 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0029 0.0028 0.0000 0.0001 0.0001 0.0004 0.0000 0.0000 --- 0.0000 --- --- 0.3522 0.0000 0.0000
   Pad Heaters 0.0156 0.0131 --- 0.0012 0.0012 0.0009 0.0000 0.0000 --- --- --- 0.0000 18.7714 0.0004 0.0003
   Condensate Tanks --- --- --- --- --- 0.1370 0.0006 --- --- --- 0.0019 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0001 0.0004 0.0000
   Pneumatic Devices --- --- --- --- --- 0.2638 0.0038 0.0031 0.0000 0.0021 0.0262 --- 0.1994 2.5584 0.0000
   Pneumatic Pumps --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0003 0.0004 --- 0.0000 0.0000 0.0084 0.0001 0.0001 0.0000 0.0001 0.0009 0.0000 0.3457 0.0811 0.0000
   Equipment Leaks --- --- --- --- --- 0.0932 0.0014 0.0039 0.0001 0.0037 0.0098 --- 0.0456 0.5847 0.0000

Subtotal 0.0188 0.0164 0.0000 0.1873 0.0199 0.5084 0.0061 0.0072 0.0001 0.0059 0.0393 0.0000 19.7172 3.2618 0.0004
Centralized Compression and Processing
   Field Compression (2007 Emissions) 0.5516 1.1031 --- --- --- 0.2758 0.0004 0.0004 0.0000 0.0002 0.0010 0.0456 94.9885 1.0794 0.0008
   Field Compression (2010 Emissions) 0.2758 0.5516 --- --- --- 0.1930 0.0004 0.0004 0.0000 0.0002 0.0010 0.0456 94.9885 1.0794 0.0008
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0030 0.0000 0.0002 0.0000 0.0002 0.0003 --- 0.0008 0.0097 0.0000
   Compressor Station Dehydrators 0.0009 0.0007 --- 0.0001 0.0001 0.0136 0.0025 0.0015 --- 0.0005 0.0013 0.0000 1.0595 0.0218 0.0000
   Gas Processing and Recompression 0.1377 0.2109 0.0006 0.0152 0.0152 0.4547 0.0110 0.0173 0.0003 0.0083 0.0109 0.0000 170.9111 3.6159 0.0008

Subtotal (with 2010 engines) 0.4143 0.7632 0.0006 0.0153 0.0153 0.6643 0.0139 0.0193 0.0003 0.0091 0.0135 0.0456 266.9599 4.7269 0.0016
PRODUCTION SUBTOTAL 0.4332 0.7795 0.0006 0.2026 0.0352 1.1727 0.0199 0.0265 0.0004 0.0150 0.0527 0.0456 286.6772 7.9887 0.0019

CONSTRUCTION AND PRODUCTION TOTAL 0.7534 2.3261 0.0168 0.7023 0.0982 1.3024 0.0224 0.0278 0.0004 0.0159 0.0527 0.0459 593.6452 8.4091 0.0054
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Year 2028 Emission Summary (ton/well)
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Emissions by Source Category
(ton/well)

9/3/2010

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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WRFO Alternative: Alternative C
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 48.670 4.870 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 52.833 5.283 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 2.845 3.099 0.003 0.112 0.112 0.458 0.004 0.001 --- 0.001 --- 0.005 346.310 0.019 0.011
Subtotal 18.13 7.43 0.06 103.01 11.66 1.87 0.01 0.00 0.00 0.00 0.00 0.01 1,375 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 270.191 27.019 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 13.106 9.849 0.014 0.489 0.489 1.688 0.008 0.003 --- 0.002 --- 0.010 1573.512 0.075 0.036
   Drilling Traffic Road Dust --- --- --- 235.658 23.566 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 8.438 45.448 0.005 0.531 0.531 4.614 0.098 0.010 --- 0.007 --- 0.109 1193.333 0.168 0.129
   Drill Rig Engines - Tier 4b (2015) 444.444 2311.111 24.711 19.556 19.556 124.444 2.633 1.153 --- 0.806 --- 0.223 463680.000 22.297 5.005
   Frac Pump Engines - Tier4b 134.921 701.587 7.502 5.937 5.937 37.778 0.799 0.350 0.245 0.068 140760.000 6.769 1.519
Subtotal (with Tier 4B drill rigs) 600.91 3,068.00 32.23 532.36 77.10 168.52 3.54 1.52 0.00 1.06 0.00 0.41 607,206.85 29.31 6.69
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 179.177 17.918 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 8.766 6.587 0.009 0.327 0.327 1.129 0.005 0.002 --- 0.002 --- 0.007 1052.381 0.050 0.024
   Completion Traffic Road Dust --- --- --- 183.985 18.399 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 10.261 9.140 0.011 0.391 0.391 1.449 0.010 0.003 --- 0.002 --- 0.011 1238.393 0.063 0.032
   Completion Venting and Flaring 2.500 2.100 --- 0.190 0.190 86.289 1.259 1.045 --- 0.697 --- --- 3063.218 811.326 0.055
Subtotal 21.53 17.83 0.02 364.07 37.22 88.87 1.27 1.05 0.00 0.70 0.00 0.02 5,353.99 811.44 0.11
CONSTRUCTION SUBTOTAL1 640.56 3,093.25 32.31 999.44 125.98 259.26 4.82 2.57 0.00 1.76 0.00 0.44 613,936 841 7
Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 253.868 25.387 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 208.962 20.896 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 10.317 8.999 0.011 0.392 0.392 1.440 0.009 0.003 --- 0.002 --- --- 1244.263 0.063 0.032
   Pad Heaters 31.286 26.280 --- 2.378 2.378 1.721 0.001 0.001 --- --- --- 0.023 37542.857 0.720 0.688
   Produced Water and Condensate Tanks --- --- --- --- --- 274.066 1.296 --- --- --- 3.779 --- --- --- ---
   Truck Loading --- --- --- --- --- 1.775 0.029 0.047 0.001 0.014 0.223 --- 0.232 0.777 0.000
   Pneumatic Devices --- --- --- --- --- 527.605 7.562 6.276 0.000 4.187 52.457 --- 398.726 5116.832 0.000
   Pneumatic Pump --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.545 0.812 --- 0.040 0.040 16.781 0.252 0.209 0.000 0.140 1.747 0.001 691.304 162.269 0.012
   Equipment Leaks --- --- --- --- --- 186.437 2.874 7.772 0.201 7.355 19.560 --- 91.227 1169.439 0.000
Subtotal 42.15 36.09 0.01 465.64 49.09 1,017.41 12.13 14.40 0.20 11.76 78.52 0.02 39,974.34 6,523.67 0.73
Centralized Compression and Processing
   Field Compression (2010 Emissions) 561.699 1123.398 --- --- --- 393.189 0.774 0.718 0.070 0.324 1.952 92.864 193467.107 2198.490 1.623
   Compressor Station Equipment Leaks --- --- --- --- --- 5.923 0.097 0.401 0.012 0.397 0.650 --- 1.519 19.420 0.000
   Compressor Station Dehydrators 1.763 1.481 --- 0.134 0.134 27.199 4.938 2.923 --- 0.901 2.518 0.001 2119.004 43.693 0.039
   Gas Processing and Recompression 221.380 339.051 0.997 24.432 24.432 731.153 17.661 27.744 0.481 13.344 17.584 0.061 274817.243 5814.280 1.244
Subtotal (with 2010 engines) 784.84 1,463.93 1.00 24.57 24.57 1,157.46 23.47 31.79 0.56 14.97 22.70 92.93 470,404.87 8,075.88 2.91
PRODUCTION SUBTOTAL 826.99 1,500.02 1.01 490.21 73.66 2,174.87 35.60 46.18 0.77 26.72 101.23 92.95 510,379 14,600 4

CONSTRUCTION AND PRODUCTION TOTAL 1,467.55 4,593.27 33.32 1,489.65 199.64 2,434.14 40.42 48.76 0.77 28.49 101.23 93.39 1,124,315 15,440 10

1

Emissions by Source Category

9/3/2010

Year 2028 Emission Summary (lb/well)

P
R
O
D
U
C
T
I
O
N

C
O
N
S
T
R
U
C
T
I
O
N

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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WRFO Alternative: Alternative C
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0243 0.0024 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0264 0.0026 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0014 0.0015 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1732 0.0000 0.0000

Subtotal 0.0091 0.0037 0.0000 0.0515 0.0058 0.0009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6877 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.1351 0.0135 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0066 0.0049 0.0000 0.0002 0.0002 0.0008 0.0000 0.0000 --- 0.0000 --- 0.0000 0.7868 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.1178 0.0118 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0042 0.0227 0.0000 0.0003 0.0003 0.0023 0.0000 0.0000 --- 0.0000 --- 0.0001 0.5967 0.0001 0.0001
   Drill Rig Engines - Tier 2 1.6889 1.1556 0.0124 0.0667 0.0667 0.4444 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4a (2011) 0.2222 1.1556 0.0124 0.0333 0.0333 0.1333 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4b (2015) 0.2222 1.1556 0.0124 0.0098 0.0098 0.0622 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Frac Pump Engines - Tier4b 0.0675 0.3508 0.0038 0.0030 0.0030 0.0189 0.0004 0.0002 --- 0.0001 --- 0.0000 70.3800 0.0034 0.0008

Subtotal 0.3005 1.5340 0.0161 0.2662 0.0385 0.0843 0.0018 0.0008 0.0000 0.0005 0.0000 0.0002 303.6034 0.0147 0.0033
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.0896 0.0090 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0044 0.0033 0.0000 0.0002 0.0002 0.0006 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5262 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.0920 0.0092 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0051 0.0046 0.0000 0.0002 0.0002 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.6192 0.0000 0.0000
   Completion Venting and Flaring 0.0013 0.0011 --- 0.0001 0.0001 0.0431 0.0006 0.0005 --- 0.0003 --- --- 1.5316 0.4057 0.0000

Subtotal 0.0108 0.0089 0.0000 0.1820 0.0186 0.0444 0.0006 0.0005 0.0000 0.0004 0.0000 0.0000 2.6770 0.4057 0.0001
CONSTRUCTION TOTAL1 0.3203 1.5466 0.0162 0.4997 0.0630 0.1296 0.0024 0.0013 0.0000 0.0009 0.0000 0.0002 306.9681 0.4204 0.0034

Well Pad Emissions
   Wind Erosion --- --- --- 0.1269 0.0127 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.1045 0.0104 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0052 0.0045 0.0000 0.0002 0.0002 0.0007 0.0000 0.0000 --- 0.0000 --- --- 0.6221 0.0000 0.0000
   Pad Heaters 0.0156 0.0131 --- 0.0012 0.0012 0.0009 0.0000 0.0000 --- --- --- 0.0000 18.7714 0.0004 0.0003
   Condensate Tanks --- --- --- --- --- 0.1370 0.0006 --- --- --- 0.0019 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0001 0.0004 0.0000
   Pneumatic Devices --- --- --- --- --- 0.2638 0.0038 0.0031 0.0000 0.0021 0.0262 --- 0.1994 2.5584 0.0000
   Pneumatic Pump --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0003 0.0004 --- 0.0000 0.0000 0.0084 0.0001 0.0001 0.0000 0.0001 0.0009 0.0000 0.3457 0.0811 0.0000
   Equipment Leaks --- --- --- --- --- 0.0932 0.0014 0.0039 0.0001 0.0037 0.0098 --- 0.0456 0.5847 0.0000

Subtotal 0.0211 0.0180 0.0000 0.2328 0.0245 0.5087 0.0061 0.0072 0.0001 0.0059 0.0393 0.0000 19.9872 3.2618 0.0004
Centralized Compression and Processing
   Field Compression (2007 Emissions) 0.5617 1.1234 --- --- --- 0.2808 0.0004 0.0004 0.0000 0.0002 0.0010 0.0464 96.7336 1.0992 0.0008
   Field Compression (2010 Emissions) 0.2808 0.5617 --- --- --- 0.1966 0.0004 0.0004 0.0000 0.0002 0.0010 0.0464 96.7336 1.0992 0.0008
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0030 0.0000 0.0002 0.0000 0.0002 0.0003 --- 0.0008 0.0097 0.0000
   Compressor Station Dehydrators 0.0009 0.0007 --- 0.0001 0.0001 0.0136 0.0025 0.0015 --- 0.0005 0.0013 0.0000 1.0595 0.0218 0.0000
   Gas Processing and Recompression 0.1107 0.1695 0.0005 0.0122 0.0122 0.3656 0.0088 0.0139 0.0002 0.0067 0.0088 0.0000 137.4086 2.9071 0.0006

Subtotal (with 2010 engines) 0.3924 0.7320 0.0005 0.0123 0.0123 0.5787 0.0117 0.0159 0.0003 0.0075 0.0114 0.0465 235.2024 4.0379 0.0015
PRODUCTION SUBTOTAL 0.4135 0.7500 0.0005 0.2451 0.0368 1.0874 0.0178 0.0231 0.0004 0.0134 0.0506 0.0465 255.1896 7.2998 0.0018

CONSTRUCTION AND PRODUCTION TOTAL 0.7338 2.2966 0.0167 0.7448 0.0998 1.2171 0.0202 0.0244 0.0004 0.0142 0.0506 0.0467 562.1577 7.7202 0.0052

1

Emissions by Source Category
(ton/well)

9/3/2010

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.

Year 2028 Emission Summary (ton/well)

P
R
O
D
U
C
T
I
O
N

C
O
N
S
T
R
U
C
T
I
O
N

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-44



WRFO Alternative: Alternative D
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 48.670 4.870 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 52.833 5.283 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 15.282 4.333 0.053 1.395 1.395 1.415 0.006 0.003 --- 0.002 --- 0.007 1029.007 0.049 0.011
   Delivery/Commuter Vehicle Exhaust 2.845 3.099 0.003 0.112 0.112 0.458 0.004 0.001 --- 0.001 --- 0.005 346.310 0.019 0.011

Subtotal 18.13 7.43 0.06 103.01 11.66 1.87 0.01 0.00 0.00 0.00 0.00 0.01 1,375 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 270.191 27.019 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 13.106 9.849 0.014 0.489 0.489 1.688 0.008 0.003 --- 0.002 --- 0.010 1573.512 0.075 0.036
   Drilling Traffic Road Dust --- --- --- 235.658 23.566 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 8.438 45.448 0.005 0.531 0.531 4.614 0.098 0.010 --- 0.007 --- 0.109 1193.333 0.168 0.129
   Drill Rig Engines - Tier 2 3377.778 2311.111 24.711 133.333 133.333 888.889 2.633 1.153 --- 0.806 --- 0.223 463680.000 22.297 5.005
   Drill Rig Engines - Tier 4a (2011) 444.444 2311.111 24.711 66.667 66.667 266.667 2.633 1.153 --- 0.806 --- 0.223 463680.000 22.297 5.005
   Drill Rig Engines - Tier 4b (2015) 444.444 2311.111 24.711 19.556 19.556 124.444 2.633 1.153 --- 0.806 --- 0.223 463680.000 22.297 5.005
   Frac Pump Engines - Tier4b 134.921 701.587 7.502 5.937 5.937 37.778 0.799 0.350 0.245 0.068 140760.000 6.769 1.519

Subtotal (with Tier 4B drill rigs) 600.91 3,068.00 32.23 532.36 77.10 168.52 3.54 1.52 0.00 1.06 0.00 0.41 607,206.85 29.31 6.69
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 179.177 17.918 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 8.766 6.587 0.009 0.327 0.327 1.129 0.005 0.002 --- 0.002 --- 0.007 1052.381 0.050 0.024
   Completion Traffic Road Dust --- --- --- 183.985 18.399 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 10.261 9.140 0.011 0.391 0.391 1.449 0.010 0.003 -- 0.002 --- 0.011 1238.393 0.063 0.032
   Completion Venting and Flaring 2.500 2.100 --- 0.190 0.190 86.289 1.259 1.045 --- 0.697 --- --- 3063.218 811.326 0.055

Subtotal 21.53 17.83 0.02 364.07 37.22 88.87 1.27 1.05 0.00 0.70 0.00 0.02 5,353.99 811.44 0.11
CONSTRUCTION SUBTOTAL1 640.56 3,093.25 32.31 999.44 125.98 259.26 4.82 2.57 0.00 1.76 0.00 0.44 613,936 841 7

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 253.868 25.387 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 118.140 11.814 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 5.819 5.619 0.006 0.224 0.224 0.861 0.006 0.002 --- 0.001 --- --- 704.326 0.037 0.019
   Pad Heaters 31.286 26.280 --- 2.378 2.378 1.721 0.001 0.001 --- --- --- 0.023 37542.857 0.720 0.688
   Produced Water and Condensate Tanks --- --- --- --- --- 274.066 1.296 --- --- --- 3.779 --- --- --- ---
   Truck Loading --- --- --- --- --- 1.775 0.029 0.047 0.001 0.014 0.223 --- 0.232 0.777 0.000
   Pneumatic Devices --- --- --- --- --- 527.605 7.562 6.276 0.000 4.187 52.457 --- 398.726 5116.832 0.000
   Pneumatic Pumps --- --- --- --- --- 0.057 0.001 0.001 0.000 0.000 0.006 --- 0.043 0.552 0.000
   Well Blowdowns --- --- --- --- --- 7.529 0.108 0.090 0.000 0.060 0.749 --- 5.690 73.014 0.000
   Well Workover & Recompletion (Venting, Flaring) 0.545 0.812 --- 0.040 0.040 16.781 0.252 0.209 0.000 0.140 1.747 0.001 691.304 162.269 0.012
   Equipment Leaks --- --- --- --- --- 186.437 2.874 7.772 0.201 7.355 19.560 --- 91.227 1169.439 0.000

Subtotal 37.65 32.71 0.01 374.65 39.84 1,016.83 12.13 14.40 0.20 11.76 78.52 0.02 39,434.40 6,523.64 0.72
Centralized Compression and Processing
   Field Compression (2010 Emissions) 278.98 557.96 --- --- --- 195.29 0.38 0.36 0.03 0.16 0.97 46.12 96,089.27 1,091.92 0.81
   Compressor Station Equipment Leaks --- --- --- --- --- 5.92 0.10 0.40 0.012 0.40 0.65 --- 1.52 19.42 0.00
   Compressor Station Dehydrators 1.763 1.481 --- 0.134 0.134 27.199 4.938 2.923 --- 0.901 2.518 0.001 2119.004 43.693 0.039
   Gas Processing and Recompression 194.77 298.30 0.88 21.50 21.50 556.68 15.54 24.41 0.42 11.74 15.47 0.05 134704.73 5111.10 0.22

Subtotal (with 2010 engines) 475.52 857.74 0.88 21.63 21.63 785.09 20.96 28.09 0.47 13.20 19.61 46.18 232,914.52 6,266.13 1.06
PRODUCTION SUBTOTAL 513.17 890.45 0.88 396.28 61.47 1,801.92 33.09 42.49 0.67 24.96 98.13 46.20 272,349 12,790 2

CONSTRUCTION AND PRODUCTION TOTAL 1,153.73 3,983.71 33.19 1,395.72 187.45 2,061.19 37.91 45.06 0.67 26.72 98.13 46.64 886,285 13,631 9
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Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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WRFO Alternative: Alternative D
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0243 0.0024 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.0264 0.0026 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0076 0.0022 0.0000 0.0007 0.0007 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5145 0.0000 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0014 0.0015 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 --- 0.0000 --- 0.0000 0.1732 0.0000 0.0000

Subtotal 0.0091 0.0037 0.0000 0.0515 0.0058 0.0009 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6877 0.0000 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 0.1351 0.0135 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0066 0.0049 0.0000 0.0002 0.0002 0.0008 0.0000 0.0000 --- 0.0000 --- 0.0000 0.7868 0.0000 0.0000
   Drilling Traffic Road Dust --- --- --- 0.1178 0.0118 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0042 0.0227 0.0000 0.0003 0.0003 0.0023 0.0000 0.0000 --- 0.0000 --- 0.0001 0.5967 0.0001 0.0001
   Drill Rig Engines - Tier 2 1.6889 1.1556 0.0124 0.0667 0.0667 0.4444 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4a (2011) 0.2222 1.1556 0.0124 0.0333 0.0333 0.1333 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Drill Rig Engines - Tier 4b (2015) 0.2222 1.1556 0.0124 0.0098 0.0098 0.0622 0.0013 0.0006 --- 0.0004 --- 0.0001 231.8400 0.0111 0.0025
   Frac Pump Engines - Tier4b 0.0675 0.3508 0.0038 0.0030 0.0030 0.0189 0.0004 0.0002 --- 0.0001 --- 0.0000 70.3800 0.0034 0.0008

Subtotal 0.3005 1.5340 0.0161 0.2662 0.0385 0.0843 0.0018 0.0008 0.0000 0.0005 0.0000 0.0002 303.6034 0.0147 0.0033
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.0896 0.0090 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0044 0.0033 0.0000 0.0002 0.0002 0.0006 0.0000 0.0000 --- 0.0000 --- 0.0000 0.5262 0.0000 0.0000
   Completion Traffic Road Dust --- --- --- 0.0920 0.0092 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0051 0.0046 0.0000 0.0002 0.0002 0.0007 0.0000 0.0000 --- 0.0000 --- 0.0000 0.6192 0.0000 0.0000
   Completion Venting and Flaring 0.0013 0.0011 --- 0.0001 0.0001 0.0431 0.0006 0.0005 --- 0.0003 --- --- 1.5316 0.4057 0.0000

Subtotal 0.0108 0.0089 0.0000 0.1820 0.0186 0.0444 0.0006 0.0005 0.0000 0.0004 0.0000 0.0000 2.6770 0.4057 0.0001
CONSTRUCTION TOTAL1 0.3203 1.5466 0.0162 0.4997 0.0630 0.1296 0.0024 0.0013 0.0000 0.0009 0.0000 0.0002 306.9681 0.4204 0.0034

Well Pad Emissions
   Wind Erosion --- --- --- 0.1269 0.0127 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.0591 0.0059 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0029 0.0028 0.0000 0.0001 0.0001 0.0004 0.0000 0.0000 --- 0.0000 --- --- 0.3522 0.0000 0.0000
   Pad Heaters 0.0156 0.0131 --- 0.0012 0.0012 0.0009 0.0000 0.0000 --- --- --- 0.0000 18.7714 0.0004 0.0003
   Condensate Tanks --- --- --- --- --- 0.1370 0.0006 --- --- --- 0.0019 --- --- --- ---
   Tank Loading --- --- --- --- --- 0.0009 0.0000 0.0000 0.0000 0.0000 0.0001 --- 0.0001 0.0004 0.0000
   Pneumatic Devices --- --- --- --- --- 0.2638 0.0038 0.0031 0.0000 0.0021 0.0262 --- 0.1994 2.5584 0.0000
   Pneumatic Pumps --- --- --- --- --- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 --- 0.0000 0.0003 0.0000
   Well Blowdowns --- --- --- --- --- 0.0038 0.0001 0.0000 0.0000 0.0000 0.0004 --- 0.0028 0.0365 0.0000
   Well Workover & Recompletion (Venting, Flaring) 0.0003 0.0004 --- 0.0000 0.0000 0.0084 0.0001 0.0001 0.0000 0.0001 0.0009 0.0000 0.3457 0.0811 0.0000
   Equipment Leaks --- --- --- --- --- 0.0932 0.0014 0.0039 0.0001 0.0037 0.0098 --- 0.0456 0.5847 0.0000

Subtotal 0.0188 0.0164 0.0000 0.1873 0.0199 0.5084 0.0061 0.0072 0.0001 0.0059 0.0393 0.0000 19.7172 3.2618 0.0004
Centralized Compression and Processing --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
   Field Compression (2007 Emissions) 0.2790 0.5580 --- --- --- 0.1395 0.0002 0.0002 0.0000 0.0001 0.0005 0.0231 48.0446 0.5460 0.0004
   Field Compression (2010 Emissions) 0.1395 0.2790 --- --- --- 0.0976 0.0002 0.0002 0.0000 0.0001 0.0005 0.0231 48.0446 0.5460 0.0004
   Compressor Station Equipment Leaks --- --- --- --- --- 0.0030 0.0000 0.0002 0.0000 0.0002 0.0003 --- 0.0008 0.0097 0.0000
   Compressor Station Dehydrators 0.0009 0.0007 --- 0.0001 0.0001 0.0136 0.0025 0.0015 --- 0.0005 0.0013 0.0000 1.0595 0.0218 0.0000
   Gas Processing and Recompression 0.0974 0.1492 0.0004 0.0107 0.0107 0.2783 0.0078 0.0122 0.0002 0.0059 0.0077 0.0000 67.3524 2.5555 0.0001

Subtotal (with 2010 engines) 0.2378 0.4289 0.0004 0.0108 0.0108 0.3925 0.0105 0.0140 0.0002 0.0066 0.0098 0.0231 116.4573 3.1331 0.0005
PRODUCTION SUBTOTAL 0.2566 0.4452 0.0004 0.1981 0.0307 0.9010 0.0165 0.0212 0.0003 0.0125 0.0491 0.0231 136.1745 6.3949 0.0009

CONSTRUCTION AND PRODUCTION TOTAL 0.5769 1.9919 0.0166 0.6979 0.0937 1.0306 0.0190 0.0225 0.0003 0.0134 0.0491 0.0233 443.1425 6.8153 0.0043
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Year 2028 Emission Summary (ton/well)
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Emissions by Source Category
(ton/well)

9/3/2010

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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WRFO Alternative: Alternative A
Phase: Construction and Production

Activity: All

Emissions:
Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 6.400 0.640 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 21.316 2.132 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 2.010 0.570 0.007 0.183 0.183 0.186 0.001 0.000 --- 0.000 --- 0.001 135.314 0.007 0.001
   Delivery/Commuter Vehicle Exhaust 0.374 0.408 0.000 0.015 0.015 0.060 0.001 0.000 --- 0.000 --- 0.001 45.540 0.003 0.001

Subtotal 2.384 0.977 0.007 27.914 2.970 0.246 0.001 0.000 0.000 0.000 0.000 0.002 180.854 0.009 0.003
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 109.013 10.901 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 1.723 1.295 0.002 0.064 0.064 0.222 0.001 0.000 --- 0.000 --- 0.001 206.917 0.010 0.005
   Drilling Traffic Road Dust --- --- --- 95.080 9.508 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 1.110 5.976 0.001 0.070 0.070 0.607 0.013 0.001 --- 0.001 --- 0.014 156.923 0.022 0.017
   Drill Rig Engines - Tier 2 444.178 303.911 3.250 17.533 17.533 116.889 0.346 0.152 --- 0.106 --- 0.029 60973.920 2.932 0.658
   Drill Rig Engines - Tier 4a (2011) 58.444 303.911 3.250 8.767 8.767 35.067 0.346 0.152 --- 0.106 --- 0.029 60973.920 2.932 0.658
   Drill Rig Engines - Tier 4b (2015) 58.444 303.911 3.250 2.572 2.572 16.364 0.346 0.152 --- 0.106 --- 0.029 60973.920 2.932 0.658
   Frac Pump Engines - Tier4b 17.7421 92.2587 0.9865 0.7807 0.7807 4.9678 0.1051 0.0460 --- 0.0322 --- 0.0089 18509.9400 0.8901 0.1998

Subtotal (with Tier 4B drill rigs) 79.020 403.44 4.24 207.58 23.90 22.16 0.47 0.20 0.00 0.14 0.00 0.05 79,847.70 3.85 0.88
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 72.292 7.229 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 1.153 0.866 0.001 0.043 0.043 0.148 0.001 0.000 --- 0.000 --- 0.001 138.388 0.007 0.003
   Completion Traffic Road Dust --- --- --- 73.932 7.393 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 1.349 1.202 0.001 0.051 0.051 0.191 0.001 0.000 --- 0.000 --- 0.002 162.849 0.008 0.004
   Completion Venting and Flaring 6.575 5.523 --- 0.500 0.500 226.939 3.311 2.748 --- 1.833 --- --- 8056.262 2133.787 0.145

Subtotal 9.08 7.59 0.00 146.82 15.22 227.28 3.31 2.75 0.00 1.83 0.00 0.00 8,357.50 2,133.80 0.15
CONSTRUCTION SUBTOTAL1 90.48 412.01 4.25 382.31 42.08 249.69 3.78 2.95 0.00 1.97 0.00 0.06 88,386 2,138 1

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 33.384 3.338 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 4193.318 419.332 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 66.760 53.037 0.071 2.508 2.508 8.856 0.047 0.018 --- 0.013 --- --- 8028.065 0.391 0.191
   Pad Heaters 72.004 60.483 --- 5.472 5.472 3.960 0.002 0.002 --- --- --- 0.054 86404.886 1.656 1.584
   Produced Water and Condensate Tanks --- --- --- --- --- 12615.254 59.646 --- --- --- 173.967 --- --- --- ---
   Truck Loading --- --- --- --- --- 4.084 0.068 0.109 0.001 0.032 0.514 --- 0.533 1.788 0.000
   Pneumatic Devices --- --- --- --- --- 1214.283 17.403 14.445 0.000 9.636 120.731 --- 917.668 11776.390 0.000
   Pneumatic Pumps --- --- --- --- --- 0.131 0.002 0.002 0.000 0.001 0.013 --- 0.099 1.270 0.000
   Well Blowdowns --- --- --- --- --- 17.327 0.248 0.206 0.000 0.138 1.723 --- 13.095 168.042 0.000
   Well Workover & Recompletion (Venting, Flaring) 1.255 1.869 --- 0.093 0.093 38.621 0.580 0.481 0.000 0.321 4.020 0.001 1591.035 373.462 0.027
   Equipment Leaks --- --- --- --- --- 429.085 6.615 17.886 0.463 16.927 45.018 --- 209.959 2691.464 0.000

Subtotal 140.02 115.39 0.07 4,234.77 430.74 14,331.60 84.61 33.15 0.46 27.07 345.99 0.06 97,165.34 15,014.46 1.80
Centralized Compression and Processing
   Field Compression (2010 Emissions) 1267.361 2534.722 --- --- --- 887.153 1.746 1.619 0.158 0.730 4.405 209.530 436519.834 4960.453 3.662
   Compressor Station Equipment Leaks --- --- --- --- --- 13.631 0.223 0.923 0.028 0.913 1.496 --- 3.496 44.694 0.000
   Compressor Station Dehydrators 4.058 3.408 --- 0.308 0.308 623.984 113.648 67.280 --- 20.732 57.960 0.003 4947.346 1004.758 0.089
   Gas Processing and Recompression 965.700 1479.000 4.350 106.575 106.575 3189.420 77.042 121.026 2.100 58.210 76.705 0.268 1198802.279 25362.936 5.425

Subtotal (with 2010 engines) 2,237.12 4,017.13 4.35 106.88 106.88 4,714.19 192.66 190.85 2.28 80.59 140.57 209.80 1,640,272.96 31,372.84 9.18
PRODUCTION SUBTOTAL 2,377.14 4,132.52 4.42 4,341.66 537.63 19,045.79 277.27 224.00 2.75 107.65 486.55 209.86 1,737,438.30 46,387.30 11

CONSTRUCTION AND PRODUCTION TOTAL 2,467.62 4,544.53 8.67 4,723.97 579.71 19,295.47 281.05 226.95 2.75 109.63 486.55 209.91 1,825,824.35 48,524.97 12

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well 
pad construction.

Year 2028 Emission Summary (tons/year)
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WRFO Alternative: Alternative B
Phase: Construction and Production

Activity: All

Emissions:
Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 16.207 1.622 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 21.800 2.180 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 5.089 1.443 0.018 0.464 0.464 0.471 0.002 0.001 --- 0.001 --- 0.002 342.659 0.016 0.004
   Delivery/Commuter Vehicle Exhaust 0.947 1.032 0.001 0.037 0.037 0.153 0.001 0.000 --- 0.000 --- 0.002 115.321 0.006 0.004

Subtotal 6.036 2.475 0.019 38.509 4.304 0.624 0.003 0.001 0.000 0.001 0.000 0.004 457.980 0.023 0.007
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 111.488 11.149 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 4.364 3.280 0.005 0.163 0.163 0.562 0.003 0.001 --- 0.001 --- 0.003 523.979 0.025 0.012
   Drilling Traffic Road Dust --- --- --- 97.238 9.724 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 2.810 15.134 0.002 0.177 0.177 1.536 0.033 0.003 --- 0.002 --- 0.036 397.380 0.056 0.043
   Drill Rig Engines - Tier 2 1124.800 769.600 8.229 44.400 44.400 296.000 0.877 0.384 --- 0.269 --- 0.074 154405.440 7.425 1.667
   Drill Rig Engines - Tier 4a (2011) 148.000 769.600 8.229 22.200 22.200 88.800 0.877 0.384 --- 0.269 --- 0.074 154405.440 7.425 1.667
   Drill Rig Engines - Tier 4b (2015) 148.000 769.600 8.229 6.512 6.512 41.440 0.877 0.384 --- 0.269 --- 0.074 154405.440 7.425 1.667
   Frac Pump Engines - Tier4b 44.9286 233.6286 2.4980 1.9769 1.9769 12.5800 0.2662 0.1166 --- 0.0815 --- 0.0225 46873.0800 2.2540 0.5060

Subtotal (with Tier 4B drill rigs) 200.103 1,021.64 10.73 217.55 29.70 56.12 1.18 0.51 0.00 0.35 0.00 0.14 202,199.88 9.76 2.23
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 73.933 7.393 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 2.919 2.194 0.003 0.109 0.109 0.376 0.002 0.001 --- 0.001 --- 0.002 350.443 0.017 0.008
   Completion Traffic Road Dust --- --- --- 75.829 7.583 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 3.417 3.044 0.004 0.130 0.130 0.483 0.003 0.001 --- 0.001 --- 0.004 412.385 0.021 0.011
   Completion Venting and Flaring 2.661 2.235 --- 0.202 0.202 91.854 1.340 1.112 --- 0.742 --- --- 3260.795 863.656 0.059

Subtotal 9.00 7.47 0.01 150.20 15.42 92.71 1.34 1.11 0.00 0.74 0.00 0.01 4,023.62 863.69 0.08
CONSTRUCTION SUBTOTAL1 215.14 1,031.59 10.76 406.27 49.42 149.46 2.53 1.62 0.00 1.10 0.00 0.15 206,681 873 2

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 84.538 8.454 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 1446.609 144.661 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 39.041 35.065 0.041 1.488 1.488 5.540 0.037 0.011 --- 0.008 --- --- 4713.246 0.241 0.122
   Pad Heaters 143.774 120.770 --- 10.927 10.927 7.908 0.003 0.005 --- --- --- 0.108 172528.200 3.307 3.163
   Produced Water and Condensate Tanks --- --- --- --- --- 4021.316 19.013 --- --- --- 55.455 --- --- --- ---
   Truck Loading --- --- --- --- --- 8.155 0.135 0.217 0.002 0.065 1.026 --- 1.065 3.570 0.000
   Pneumatic Devices --- --- --- --- --- 2424.608 34.749 28.842 0.000 19.241 241.068 --- 1832.345 23514.403 0.000
   Pneumatic Pumps --- --- --- --- --- 0.261 0.004 0.003 0.000 0.002 0.026 --- 0.198 2.535 0.000
   Well Blowdowns --- --- --- --- --- 34.598 0.496 0.412 0.000 0.275 3.440 --- 26.146 335.537 0.000
   Well Workover & Recompletion (Venting, Flaring) 2.506 3.732 --- 0.185 0.185 77.117 1.159 0.961 0.000 0.641 8.026 0.003 3176.885 745.707 0.054
   Equipment Leaks --- --- --- --- --- 856.772 13.209 35.715 0.925 33.800 89.889 --- 419.235 5374.157 0.000

Subtotal 185.32 159.57 0.04 1,543.75 165.71 7,436.28 68.80 66.17 0.93 54.03 398.93 0.11 182,697.32 29,979.46 3.34
Centralized Compression and Processing
   Field Compression (2010 Emissions) 2534.246 5068.491 --- --- --- 1773.972 3.492 3.238 0.315 1.460 8.808 418.980 872875.490 9919.040 7.322
   Compressor Station Equipment Leaks --- --- --- --- --- 27.219 0.445 1.843 0.055 1.823 2.986 --- 6.981 89.242 0.000
   Compressor Station Dehydrators 8.102 6.806 --- 0.616 0.616 254.366 46.264 27.389 --- 8.440 23.595 0.006 9754.119 409.166 0.178
   Gas Processing and Recompression 1341.902 2055.166 6.045 148.093 148.093 4431.905 107.055 168.173 2.918 80.886 106.587 0.372 1665813.110 35243.436 7.538

Subtotal (with 2010 engines) 3,884.25 7,130.46 6.04 148.71 148.71 6,487.46 157.26 200.64 3.29 92.61 141.98 419.36 2,548,449.70 45,660.88 15.04
PRODUCTION SUBTOTAL 4,069.57 7,290.03 6.09 1,692.46 314.42 13,923.74 226.06 266.81 4.22 146.64 540.91 419.47 2,731,147.02 75,640.34 18

CONSTRUCTION AND PRODUCTION TOTAL 4,284.71 8,321.62 16.84 2,098.72 363.85 14,073.19 228.59 268.43 4.22 147.74 540.91 419.61 2,937,828.50 76,513.82 21

1

Emissions From All Production and Construction Activities 
(BLM and non-BLM sources)

Year 2028 Emission Summary (tons/year)

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of 
well pad construction.

9/3/2010

Emissions by Source Category
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WRFO Alternative: Alternative C
Phase: Construction and Production

Activity: All

Emissions:
Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 29.056 2.907 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 39.081 3.908 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 9.123 2.587 0.032 0.833 0.833 0.845 0.003 0.002 --- 0.001 --- 0.004 614.317 0.030 0.007
   Delivery/Commuter Vehicle Exhaust 1.699 1.850 0.002 0.067 0.067 0.273 0.002 0.001 --- 0.000 --- 0.003 206.747 0.011 0.006

Subtotal 10.822 4.437 0.034 69.036 7.715 1.118 0.006 0.002 0.000 0.001 0.000 0.007 821.064 0.041 0.013
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 199.862 19.986 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 7.825 5.880 0.008 0.292 0.292 1.008 0.005 0.002 --- 0.001 --- 0.006 939.387 0.045 0.021
   Drilling Traffic Road Dust --- --- --- 174.317 17.432 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 5.038 27.132 0.003 0.317 0.317 2.755 0.059 0.006 --- 0.004 --- 0.065 712.420 0.100 0.077
   Drill Rig Engines - Tier 2 2016.533 1379.733 14.753 79.600 79.600 530.667 1.572 0.688 --- 0.481 --- 0.133 276816.960 13.311 2.988
   Drill Rig Engines - Tier 4a (2011) 265.333 1379.733 14.753 39.800 39.800 159.200 1.572 0.688 --- 0.481 --- 0.133 276816.960 13.311 2.988
   Drill Rig Engines - Tier 4b (2015) 265.333 1379.733 14.753 11.675 11.675 74.293 1.572 0.688 --- 0.481 --- 0.133 276816.960 13.311 2.988
   Frac Pump Engines - Tier4b 80.5476 418.8476 4.4784 3.5441 3.5441 22.5533 0.4772 0.2090 --- 0.1461 --- 0.0403 84033.7200 4.0409 0.9071

Subtotal (with Tier 4B drill rigs) 358.743 1,831.59 19.24 390.01 53.25 100.61 2.11 0.91 0.00 0.63 0.00 0.24 362,502.49 17.50 3.99
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 132.538 13.254 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 5.233 3.933 0.006 0.195 0.195 0.674 0.003 0.001 --- 0.001 --- 0.004 628.271 0.030 0.014
   Completion Traffic Road Dust --- --- --- 135.938 13.594 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 6.126 5.456 0.007 0.233 0.233 0.865 0.006 0.002 --- 0.001 --- 0.007 739.321 0.038 0.019
   Completion Venting and Flaring 4.770 4.007 --- 0.363 0.363 164.639 2.402 1.994 --- 1.330 --- --- 5844.619 1548.010 0.105

Subtotal 16.13 13.40 0.01 269.27 27.64 166.18 2.41 2.00 0.00 1.33 0.00 0.01 7,212.21 1,548.08 0.14
CONSTRUCTION SUBTOTAL1 385.69 1,849.43 19.29 728.31 88.60 267.91 4.53 2.90 0.00 1.97 0.00 0.26 370,536 1,566 4

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 151.559 15.156 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 2973.233 297.323 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 93.833 79.884 0.099 3.553 3.553 12.924 0.079 0.027 --- 0.019 --- --- 11307.944 0.566 0.282
   Pad Heaters 235.300 197.652 --- 17.883 17.883 12.941 0.005 0.008 --- --- --- 0.176 282359.829 5.412 5.177
   Produced Water and Condensate Tanks --- --- --- --- --- 6586.051 31.139 --- --- --- 90.823 --- --- --- ---
   Truck Loading --- --- --- --- --- 13.346 0.221 0.355 0.004 0.106 1.678 --- 1.743 5.843 0.000
   Pneumatic Devices --- --- --- --- --- 3968.117 56.871 47.203 0.000 31.490 394.533 --- 2998.818 38483.696 0.000
   Pneumatic Pumps --- --- --- --- --- 0.428 0.006 0.005 0.000 0.003 0.043 --- 0.323 4.149 0.000
   Well Blowdowns --- --- --- --- --- 56.623 0.812 0.674 0.000 0.449 5.630 --- 42.791 549.139 0.000
   Well Workover & Recompletion (Venting, Flaring) 4.101 6.108 --- 0.303 0.303 126.210 1.897 1.573 0.000 1.049 13.136 0.004 5199.294 1220.425 0.089
   Equipment Leaks --- --- --- --- --- 1402.195 21.617 58.451 1.514 55.317 147.112 --- 686.120 8795.351 0.000

Subtotal 333.23 283.64 0.10 3,146.53 334.22 12,178.83 112.65 108.29 1.52 88.43 652.95 0.18 302,596.86 49,064.58 5.55
Centralized Compression and Processing
   Field Compression (2010 Emissions) 4214.951 8429.903 --- --- --- 2950.466 5.807 5.385 0.524 2.428 14.650 696.847 1451764.505 16497.324 12.179
   Compressor Station Equipment Leaks --- --- --- --- --- 44.546 0.729 3.017 0.090 2.984 4.887 --- 11.426 146.054 0.000
   Compressor Station Dehydrators 8.554 11.138 --- 1.008 1.008 416.519 75.757 44.848 --- 13.820 38.636 0.010 15963.630 670.001 0.292
   Gas Processing and Recompression 1837.238 2813.788 8.276 202.758 202.758 6067.851 146.572 230.251 3.995 110.743 145.931 0.509 2280713.655 48252.824 10.320

Subtotal (with 2010 engines) 6,060.74 11,254.83 8.28 203.77 203.77 9,479.38 228.87 283.50 4.61 129.98 204.10 697.37 3,748,453.21 65,566.20 22.79
PRODUCTION SUBTOTAL 6,393.98 11,538.47 8.37 3,350.30 537.98 21,658.22 341.51 391.80 6.13 218.41 857.06 697.55 4,051,050.08 114,630.78 28

CONSTRUCTION AND PRODUCTION TOTAL 6,779.67 13,387.90 27.66 4,078.61 626.58 21,926.12 346.04 394.70 6.13 220.38 857.06 697.81 4,421,585.84 116,196.40 32

1 Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well 
pad construction.

9/3/2010

Emissions by Source Category
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Emissions From All Production and Construction Activities 
(BLM and non-BLM sources)

Year 2028 Emission Summary (tons/year)
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WRFO Alternative: Alternative D
Phase: Construction and Production

Activity: All

Emissions:
Date:

Emissions From All Production and Construction Activities (BLM 
and non-BLM sources)

Year 2028 Emission Summary (tons/year)

9/3/2010

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 40.420 4.045 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 54.313 5.431 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 12.691 3.598 0.044 1.158 1.158 1.175 0.005 0.002 --- 0.001 --- 0.006 854.590 0.041 0.009
   Delivery/Commuter Vehicle Exhaust 2.363 2.574 0.002 0.093 0.093 0.380 0.003 0.001 --- 0.001 --- 0.004 287.610 0.016 0.009

Subtotal 15.054 6.172 0.047 95.985 10.727 1.555 0.008 0.003 0.000 0.002 0.000 0.010 1142.200 0.057 0.018
Drill Rig Move and Drilling

Emissions by Source Category

C
O Drill Rig Move and Drilling

   Drill Rig Transport Road Dust --- --- --- 277.760 27.776 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 10.885 8.180 0.012 0.406 0.406 1.402 0.007 0.003 --- 0.002 --- 0.008 1306.802 0.062 0.030
   Drilling Traffic Road Dust --- --- --- 242.259 24.226 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 7.008 37.744 0.004 0.441 0.441 3.832 0.082 0.009 --- 0.006 --- 0.090 991.063 0.140 0.107
   Drill Rig Engines - Tier 2 2805.244 1919.378 20.523 110.733 110.733 738.222 2.187 0.958 --- 0.670 --- 0.185 385086.240 18.518 4.157
   Drill Rig Engines - Tier 4a (2011) 369.111 1919.378 20.523 55.367 55.367 221.467 2.187 0.958 --- 0.670 --- 0.185 385086.240 18.518 4.157
   Drill Rig Engines - Tier 4b (2015) 369.111 1919.378 20.523 16.241 16.241 103.351 2.187 0.958 --- 0.670 --- 0.185 385086.240 18.518 4.157
   Frac Pump Engines - Tier4b 112.0516 582.6683 6.2301 4.9303 4.9303 31.3744 0.6638 0.2907 --- 0.2033 --- 0.0561 116901.1800 5.6214 1.2619

Subtotal (with Tier 4B drill rigs) 499.056 2,547.97 26.77 542.04 74.02 139.96 2.94 1.26 0.00 0.88 0.00 0.34 504,285.28 24.34 5.56
Completion and Testing

C l ti W t i T k R d D t 184 196 18 420

O
N
S
T
R
U
C
T
I
O    Completion Watering Truck Road Dust --- --- --- 184.196 18.420 --- --- --- --- --- --- --- --- --- ---

   Completion Watering Truck Vehicle Exhaust 7.280 5.471 0.008 0.272 0.272 0.938 0.004 0.002 --- 0.001 --- 0.006 874.002 0.042 0.020
   Completion Traffic Road Dust --- --- --- 188.921 18.892 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 8.522 7.591 0.009 0.325 0.325 1.204 0.008 0.002 --- 0.002 --- 0.010 1028.485 0.052 0.027
   Completion Venting and Flaring 6.613 5.555 --- 0.503 0.503 228.234 3.330 2.764 --- 1.844 --- --- 8102.211 2145.957 0.145

Subtotal 22.41 18.62 0.02 374.22 38.41 230.38 3.34 2.77 0.00 1.85 0.00 0.02 10,004.70 2,146.05 0.19
CONSTRUCTION SUBTOTAL1 536.52 2,572.76 26.83 1,012.24 123.16 371.89 6.29 4.03 0.00 2.73 0.00 0.36 515,432 2,170 6

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 210.837 21.084 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 3331.749 333.175 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 89.984 80.829 0.094 3.430 3.430 12.771 0.085 0.026 --- 0.018 --- --- 10863.414 0.556 0.282

O
N

q p
   Pad Heaters 331.629 278.568 --- 25.204 25.204 18.240 0.007 0.011 --- --- --- 0.249 397954.286 7.627 7.296
   Produced Water and Condensate Tanks --- --- --- --- --- 9260.284 43.783 --- --- --- 127.702 --- --- --- ---
   Truck Loading --- --- --- --- --- 18.810 0.311 0.500 0.005 0.149 2.366 --- 2.456 8.235 0.000
   Pneumatic Devices --- --- --- --- --- 5592.612 80.153 66.528 0.000 44.382 556.049 --- 4226.495 54238.423 0.000
   Pneumatic Pumps --- --- --- --- --- 0.603 0.009 0.007 0.000 0.005 0.060 --- 0.456 5.848 0.000
   Well Blowdowns --- --- --- --- --- 79.803 1.144 0.949 0.000 0.633 7.934 --- 60.310 773.950 0.000
   Well Workover & Recompletion (Venting, Flaring) 5.780 8.608 --- 0.427 0.427 177.878 2.673 2.217 0.000 1.479 18.514 0.006 7327.817 1720.051 0.126
   Equipment Leaks --- --- --- --- --- 1976.235 30.467 82.379 2.134 77.963 207.338 --- 967.008 12396.054 0.000

Subtotal 427.39 368.00 0.09 3,571.65 383.32 17,137.24 158.63 152.62 2.14 124.63 919.96 0.25 421,402.24 69,150.74 7.70
Centralized Compression and Processing
   Field Compression (2010 Emissions) 3288.758 6577.516 --- --- --- 2302.131 4.531 4.201 0.409 1.895 11.431 543.722 1132753.766 12872.202 9.502

P
R
O
D
U
C
T
I
O    Field Compression (2010 Emissions) 3288.758 6577.516 2302.131 4.531 4.201 0.409 1.895 11.431 543.722 1132753.766 12872.202 9.502

   Compressor Station Equipment Leaks --- --- --- --- --- 62.782 1.027 4.252 0.127 4.206 6.888 --- 16.103 205.847 0.000
   Compressor Station Dehydrators 18.688 15.698 --- 1.420 1.420 586.006 106.583 63.097 --- 19.443 54.357 0.014 22498.803 942.630 0.411
   Gas Processing and Recompression 2338.984 3582.228 10.536 258.131 258.131 6912.744 186.601 293.132 5.086 140.987 185.785 0.648 1899175.681 61389.355 4.895

Subtotal (with 2010 engines) 5,646.43 10,175.44 10.54 259.55 259.55 9,863.66 298.74 364.68 5.62 166.53 258.46 544.38 3,054,444.35 75,410.03 14.81
PRODUCTION SUBTOTAL 6,073.82 10,543.45 10.63 3,831.20 642.87 27,000.90 457.37 517.30 7.76 291.16 1,178.42 544.64 3,475,846.60 144,560.78 23

CONSTRUCTION AND PRODUCTION TOTAL 6,610.35 13,116.20 37.46 4,843.44 766.03 27,372.79 463.66 521.33 7.76 293.89 1,178.42 545.00 3,991,278.78 146,731.23 28

1
Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad 
construction.
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WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Drilling Engines - EPA Tier 4a (2011)
Date: 9/3/2010

Pollutant
Pollutant Emission 

Factor1
Total Horsepower 

All Engines2
Overall Load 

Factor3
Drilling Activity 

Duration
Drilling Activity 

Duration Emissions Emissions
(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 3,000 0.40 14 24 2,311.11         6.88         
NOx 0.5000 3,000 0.40 14 24 444.44         1.32         
SO2

4 0.0278 3,000 0.40 14 24 24.71         0.07         
VOC 0.3000 3,000 0.40 14 24 266.67         0.79         
PM10

5 0.07500 3,000 0.40 14 24 66.67         0.20         
(lb/hp-hr)

CO2
6 1.15000 3,000 0.40 14 24 463,680.00         1,380.00         

CH4
7 5.53E-05 3,000 0.40 14 24 22.30         0.07         

N2O
8 1.24E-05 3,000 0.40 14 24 5.01         0.01         

Formaldehyde9 5.52E-07 3,000 0.40 14 24 0.22         0.00         
Benzene10 6.53E-06 3,000 0.40 14 24 2.63         0.01         
Toluene10 2.86E-06 3,000 0.40 14 24 1.15         0.00         
Xylene10 2.00E-06 3,000 0.40 14 24 0.81         0.00         

1

2

3

4

5

6

7

8

9

10

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-
hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines". Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel.

Drilling Emissions - Tier 4a - Directional Drilling

Emission factors for Tier 4 (2011) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines: Final Rule" (63 FR 56970, Oct. 23, 1998) for 
engines greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 1, "EPA Tier 1-3 Nonroad Diesel Engine Emission 
Standards, g/kWh (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on nearly six 750 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel 
Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors for Large 
Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.
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WRFO Alternative: All
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Drilling Engines - EPA Tier 2
Date: 9/3/2010

Pollutant
Emission 
Factor1

Total Horsepower All 
Engines2

Overall Load 
Factor3

Drilling Activity 
Duration

Drilling Activity 
Duration Emissions Emissions

(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 3,000 0.40 14 24 2,311.11         6.88         
NOx

4 3.8000 3,000 0.40 14 24 3,377.78         10.05         
SO2

5 0.0278 3,000 0.40 14 24 24.71         0.07         
VOC 1.0000 3,000 0.40 14 24 888.89         2.65         
PM10

6 0.1500 3,000 0.40 14 24 133.33         0.40         
(lb/hp-hr)

CO2
7 1.15000 3,000 0.40 14 24 463,680.00         1,380.00         

CH4
8 5.53E-05 3,000 0.40 14 24 22.30         0.07         

N2O
8 1.24E-05 3,000 0.40 14 24 5.01         0.01         

Formaldehyde10 5.52E-07 3,000 0.40 14 24 0.22         0.00         
Benzene11 6.53E-06 3,000 0.40 14 24 2.63         0.01         
Toluene11 2.86E-06 3,000 0.40 14 24 1.15         0.00         
Xylene11 2.00E-06 3,000 0.40 14 24 0.81         0.00         

1

2

3

4

5

6

7

8

9

10

11

The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.

Drilling Emissions - Tier 2 - Directional Drilling

Emission factors for Tier 2 engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines: Final Rule" (63 FR 56970, Oct. 23, 1998) for 
engines greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 1, "EPA Tier 1-3 Nonroad Diesel Engine Emission 
Standards, g/kWh (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on nearly six 750 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; 
lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel (15 ppm).

For Tier 2 engines, the combined non-methane hydrocarbon and NOx emission rate is 4.8 g/bhp-hr.  Emission calculations presented here assume 3.8 g/bhp-hr for 
NOx and 1.0 g/bhp-hr for VOC.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel 
Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hr-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors for 
Large Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hr-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).
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Total Emissions By Year — WRFO Alternative A

Estimated Number of Drill Rigs Each Year

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 18.00 18.00 18.00 19.00 19.00 19.00 20.00 20.00 20.00 21.00 21.00 22.00 22.00 22.00 23.00 23.00 23.00 24.00 24.00 24.00

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Average wells drilled by rig per ye 10.97 (Year 2009, 2010 wells reduced by 2 to achieve 4,603 wells in year 2028.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 195 195 197 208 208 208 219 219 219 230 230 241 241 241 252 252 252 263 263 263
Total Producing Wells 195 391 588 797 1,005 1,214 1,433 1,652 1,872 2,102 2,333 2,574 2,815 3,057 3,309 3,561 3,814 4,077 4,340 4,603

Estimated Construction Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 100% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 340.73 340.73 344.22 363.34 363.34 363.34 318.11 253.75 189.39 131.29 67 73 77 80 87 87 87 91 91 91

Year

Year

Year

VOC 256.58 256.58 259.21 273.61 273.61 273.61 274.36 260.71 247.05 245.07 228.33 236.68 234.16 231.64 239.54 239.54 239.54 249.95 249.95 249.95

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressors 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressors 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

NOX 154.76 201.88 303.86 411.50 519.14 626.78 740.08 853.39 966.69 1,085.66 1,204.64 1,329.27 1,453.91 1,578.54 1,708.84 1,839.14 1,969.45 2,105.41 2,241.38 2,377.34
VOC 824.32 1,616.35 2,432.79 3,294.59 4,156.39 5,018.20 5,925.36 6,832.52 7,739.68 8,692.19 9,644.71 10,642.59 11,640.46 12,638.34 13,681.57 14,724.80 15,768.04 16,856.63 17,945.22 19,033.81

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NOX 495 543 648 775 882 990 1,058 1,107 1,156 1,217 1,271 1,403 1,530 1,658 1,796 1,926 2,056 2,196 2,332 2,468
VOC 1,081 1,873 2,692 3,568 4,430 5,292 6,200 7,093 7,987 8,937 9,873 10,879 11,875 12,870 13,921 14,964 16,008 17,107 18,195 19,284

Year

Year

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-53



Total Emissions By Year — WRFO Alternative B

Estimated Number of Drill Rigs Each Year NOTE:  These totals are simplified totals and assume that all oil and gas facilities are on BL

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 18 19.45 20.9 22.35 23.8 25.25 26.7 28.15 29.6 31.05 32.5 33.95 35.4 36.85 38.3 39.75 41.2 42.65 44.1 45.55
Rounded Number of Rigs 18 19 21 22 24 25 27 28 30 31 33 34 35 37 38 40 41 43 44 46

Year

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Average wells drilled by rig per yea 14.45 (Year 2028 wells increased by 1 to achieve 9,191 wells in year 2028.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 260 275 303 318 347 361 390 405 434 448 477 491 506 535 549 578 592 621 636 666

Year

g
Total Producing Wells 260 535 838 1,156 1,503 1,864 2,254 2,659 3,092 3,540 4,017 4,508 5,014 5,549 6,098 6,676 7,268 7,890 8,526 9,191

Estimated Construction Emissions (tons/yr)Estimated Construction Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Year
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 447.24 69.41 76.72 80.37 87.68 91.33 98.64 102.29 109.60 113.25 126.99 137.47 148.34 164.03 175.87 185.12 189.75 199.01 203.64 213.21
VOCs 128.22 49.93 55.18 57.81 63.07 65.69 70.95 73.58 78.83 81.46 81.74 79.08 76.13 74.89 71.18 74.93 76.80 80.55 82.42 86.30

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressor 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Year

Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

NOX 184.40 231.59 363.04 500.74 650.96 807.45 976.45 1,151.71 1,339.49 1,533.52 1,740.08 1,952.89 2,171.97 2,403.56 2,641.41 2,891.79 3,148.42 3,417.56 3,692.97 3,981.33
VOCs 325.78 625.42 980.39 1,352.26 1,757.94 2,180.52 2,636.90 3,110.19 3,617.29 4,141.29 4,699.10 5,273.81 5,865.42 6,490.84 7,133.16 7,809.29 8,502.32 9,229.16 9,972.90 10,751.62

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NOX 632 301 440 581 739 899 1,075 1,254 1,449 1,647 1,867 2,090 2,320 2,568 2,817 3,077 3,338 3,617 3,897 4,195

Year

VOCs 454 675 1,036 1,410 1,821 2,246 2,708 3,184 3,696 4,223 4,781 5,353 5,942 6,566 7,204 7,884 8,579 9,310 10,055 10,838
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Total Emissions By Year — WRFO Alternative C

Estimated Number of Drill Rigs Each Year NOTE:  These totals are simplified totals and assume that all oil and gas facilities are on BL

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77

Year

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Average wells drilled by rig per year 15.510 (Year 2009 wells decreased by 3 to achieve 15,042 wells in year 2028.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 307 357 403 450 496 543 589 636 682 729 776 822 869 915 962 1,008 1,055 1,101 1,148 1,194

Year

g , , , , ,
Total Producing Wells 307 664 1,067 1,517 2,013 2,556 3,146 3,781 4,464 5,193 5,968 6,790 7,659 8,574 9,536 10,544 11,598 12,700 13,847 15,042

Estimated Construction Emissions (tons/yr)Estimated Construction Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Year
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 100% 100% 100% 100% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 528.23 613.39 693.40 773.41 853.42 933.42 149.01 160.77 172.54 184.30 206.53 230.01 254.75 280.74 307.99 322.89 337.79 352.70 367.60 382.50
VOCs 151.44 175.86 198.79 221.73 244.67 267.61 107.18 115.64 124.10 132.57 132.93 132.32 130.74 128.18 124.66 130.69 136.72 142.75 148.78 154.82

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressor 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Year

Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

NOX 213.30 274.53 441.28 627.26 832.49 1,056.95 1,300.66 1,563.61 1,845.79 2,147.22 2,467.88 2,807.79 3,166.93 3,545.32 3,942.94 4,359.81 4,795.91 5,251.26 5,725.84 6,219.66
VOCs 359.03 720.02 1,157.34 1,645.13 2,183.37 2,772.08 3,411.25 4,100.88 4,840.97 5,631.52 6,472.53 7,364.00 8,305.93 9,298.33 10,341.18 11,434.49 12,578.27 13,772.50 15,017.20 16,312.36

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NOX 742 888 1,135 1,401 1,686 1,990 1,450 1,724 2,018 2,332 2,674 3,038 3,422 3,826 4,251 4,683 5,134 5,604 6,093 6,602

Year

X , , , , , , , , , , , , , , , , , ,
VOCs 510 896 1,356 1,867 2,428 3,040 3,518 4,217 4,965 5,764 6,605 7,496 8,437 9,427 10,466 11,565 12,715 13,915 15,166 16,467
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Total Emissions By Year — WRFO Alternative D — Assumes All Sources on Federal Land

E ti t d N b f D ill Ri E h Y NOTE Th t t l i lifi d t t l d th t ll il d f iliti BEstimated Number of Drill Rigs Each Year NOTE:  These totals are simplified totals and assume that all oil and gas facilities are on B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Number of Rigs 30.00 34.10 38.21 42.31 46.42 50.52 54.63 58.73 62.84 66.94 71.05 75.15 79.26 83.36 87.47 91.57 95.68 99.78 103.89 107.99
Rounded Number of Rigs 30 34 38 42 46 51 55 59 63 67 71 75 79 83 87 92 96 100 104 108

Estimated Number of Wells to be Drilled Yearly Per Above Drill Rig ScheduleEstimated Number of Wells to be Drilled Yearly Per Above Drill Rig Schedule  

Average wells drilled by rig per ye 15.360 (Year 2028 wells increased by 2 to achieve 21200 wells in year 2028.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Wells Drilled During Year 462 524 587 650 713 776 839 902 965 1,028 1,091 1,154 1,217 1,280 1,343 1,407 1,470 1,533 1,596 1,661
T t l P d i W ll 462 986 1 572 2 222 2 935 3 711 4 550 5 452 6 417 7 446 8 537 9 691 10 909 12 189 13 532 14 939 16 409 17 941 19 537 21 200

Year

Total Producing Wells 462 986 1,572 2,222 2,935 3,711 4,550 5,452 6,417 7,446 8,537 9,691 10,909 12,189 13,532 14,939 16,409 17,941 19,537 21,200

Estimated Construction Emissions (tons/yr)Estimated Construction Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Year
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Tier 2 Drill Rig Engines (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Tier 4a Drill Rig Engines (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 80% 60% 40% 20% 0% 0% 0% 0% 0% 0%
Tier 4b Drill Rig Engines (%) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 20% 40% 60% 80% 100% 100% 100% 100% 100% 100%

NOX 794.06 132.42 148.36 164.30 180.25 196.19 212.13 228.07 244.01 259.95 290.61 322.98 357.05 392.82 430.29 450.48 470.68 490.87 511.07 531.90
VOCs 227.65 95.25 106.72 118.18 129.65 141.12 152.58 164.05 175.52 186.98 187.05 185.80 183.24 179.36 174.16 182.33 190.50 198.68 206.85 215.28

Estimated Production Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Compressor 2007 Standards (%) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Year

Compressor 2010 Standards (%) 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

NOX 213.30 274.53 441.28 627.26 832.49 1,056.95 1,300.66 1,563.61 1,845.79 2,147.22 2,467.88 2,807.79 3,166.93 3,545.32 3,942.94 4,359.81 4,795.91 5,251.26 5,725.84 6,219.66
VOCs 359.03 720.02 1,157.34 1,645.13 2,183.37 2,772.08 3,411.25 4,100.88 4,840.97 5,631.52 6,472.53 7,364.00 8,305.93 9,298.33 10,341.18 11,434.49 12,578.27 13,772.50 15,017.20 16,312.36VOCs 359.03 720.02 1,157.34 1,645.13 2,183.37 2,772.08 3,411.25 4,100.88 4,840.97 5,631.52 6,472.53 7,364.00 8,305.93 9,298.33 10,341.18 11,434.49 12,578.27 13,772.50 15,017.20 16,312.36

Estimated Total Emissions (tons/yr)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

NO 1 007 407 590 792 1 013 1 253 1 513 1 792 2 090 2 407 2 758 3 131 3 524 3 938 4 373 4 810 5 267 5 742 6 237 6 752

Year

NOX 1,007 407 590 792 1,013 1,253 1,513 1,792 2,090 2,407 2,758 3,131 3,524 3,938 4,373 4,810 5,267 5,742 6,237 6,752
VOCs 587 815 1,264 1,763 2,313 2,913 3,564 4,265 5,016 5,819 6,660 7,550 8,489 9,478 10,515 11,617 12,769 13,971 15,224 16,528

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-56



  Development Scenario Values
  Wells Developed Over 20 Years (2006 through 2028) 5,400
  Natural Gas (NG) Wells Operating in 2028 2,154
  Oil Wells Operating in 2028 2,055
  Number of NG Well Pads 615
  Number of Oil Well Pads 1,370
  Typical NG Wells Per Pad 3.5
  Typical Oil Wells Per Pad 1.5
  Maximum Additional Drill Rigs 20
  Maximum Gas Production (MMscfd) 1,939
  Gas Production Per Well (MMscfd/well) 0.900
  Gas Production at Well Pad (MMscfd/well pad) 3.150
  Gas Wells Constructed in Year 2028 800
  Maximum Oil Production (bbl/day) 82,200
  Oil Production Per Well (bbl/day/well) 40.0
  Oil Production at Well Pad (bbl/day/well pad) 140.0
  Oil Wells Constructed in Year 2028 200

  Gas Processing Values
  Total Gas Processing Needed (MMscfd) 1,939
  Assumed Gas Processing Plant Size (MMscfd) 200
  Number of Gas Processing Plants 10

Emission Source Controlled Pollutant Values
Local Roads PM10, PM2.5 50

Resource Roads PM10, PM2.5 50
Construction Activities PM10, PM2.5 50
Compressor Engines1 All (due to electrification) 50

Well Completion VOC, HAP 47.5
Glycol Dehydrators2 VOC, HAP 0

Condensate and Produced Water Tanks 2 VOC, HAP 0

Emission Source Controlled Pollutant Values
Local Roads PM10, PM2.5 Watering or chemical suppression.

Resource Roads PM10, PM2.5 Watering.
Construction Activities PM10, PM2.5 Watering or chemical suppression.

Drill Rig Engines SO2 Ultra-low sulfur diesel fuel (15 ppm).

Drill Rig Engines NOx, PM10, PM2.5, VOC Turnover and transitioning to Tier 4 engines (or better); all Tier 4 
engines beginning in 2019.

Frac Pump Engines NOx, PM10, PM2.5, VOC Turnover and transitioning to Tier 4 engines (or better); all Tier 4 
engines beginning in 2019.

Well Completion VOC, HAP No green completion. Of emitted gas, 50% is vented and 50% is flared 
with 95% control of flared gas.

Compressor Engines1 CO, NOx, VOC Meet EPA and Utah standards.
Compressor Engines1 All 50% of compression will be electrically powered.
Glycol Dehydrators2 VOC, HAP Meet EPA and Utah standards.  

Condensate and Produced Water Tanks 3 VOC, HAP No control, unless required by EPA or Utah regulations.
1

2 Equipment located at major sources of air pollution could be subject to more stringent control, as determined by Utah DEQ on a case-by-case basis.

Compressor engines will meet engine manufacturer emission control standards in accordance federal and state regulations.  These controls are reflected in the emission factors used to calculate
emissions; consequently, zero emission control is shown for most compressor engines.  At least 50 percent of all compression will be electrically driven.  This is accounted for by including 50 
percent "control" of all emissions associated with compressor engines.

9/3/2010
Vernal Field Office (VFO)

Emission Controls
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VFO Alternative: RFD
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date: 9/3/2010

Actitivty Description for Oil and Natural Gas Wells

2028 Activity Total
Natural 

Gas (NG) Oil

Wells Constructed During 2028 1 1,000 800 200

Drill Rigs Operating During 2028 1 20 16 4

Wells Operating During 2028 1 4,209 2,154 2,055
Operating Gas Plants (CTFs) 2 10 10 0

1 Approximate locations of wells, drill rigs, and compressor stations were provided by the BLM.
2 All gas plants are conservatively assumed to be located on BLM land.

Total Oil and Natural Gas Emissions

NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene
Ethyl-

benzene Xylene Hexane Form. CO2 CH4 N2O CO2e

CO2e 
(metric 

tons/yr) 1

Oil 1,586 3,087 7 3,448 401 4,555 210 161 1 63 122 151 1,019,099 15,239 9 1,341,749 1,217,558

NG 2,219 1,781 4 3,034 498 537 0 0 0 0 0 0 123,739 4 2 124,454 112,935
Total 3,805 4,869 11 6,482 899 5,092 210 161 1 63 122 151 1,142,838 15,242 11 1,466,203 1,330,493

1 CO2 equivalent (CO2e) is calculated by multiplying each GHG by its Global Warming Potential.  Global Warming Potential from 40 CFR Part 98, Subpart A, Table A-1. (CO 2 = 1; CH4 = 21; N2O = 310)

Year 2028 Oil and Natural Gas Emission Summary (tons)

Emissions (ton/yr)
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VFO Alternative: RFD
Phase: Construction and Production

Activity: All
Date: 9/3/2010

Land Disturbance From Well Pad, Resource Road to Well Pad, an 
equal portion of the divided Local Road for each well pad, an equal 
portion of the divided area for other associated infrastructure, and 
pipeline disturbance per pad (acres) 6 1
Ratio of Months with Frozen or Muddy Roads 0.33 0.33
Vehicle Road Dust Local Road -- Control Percent (%) 50 0.5

Vehicle Road Dust Resource Road -- Control Percent (%) 50 0.5
NG Well Count Per Pad 3.5 3.5
Oil Well Count Per Pad 1.5 1.5
Condensate Tank -- Control Percent (%) 0 1
Produced Water Tank -- Control Percent (%) 0 1
Glycol Dehydrator -- Control Percent (%) 0 1
Percent of producing wells that are recompleted each year 
(%) 1 54
Number of pneumatic pumps for all gas plants 0 0.00000
Number of pneumatic pumps for all compressor stations 0 0.00000
Number of pneumatic pumps for all consolidated field 
facilities 0 0.00000
Number of pneumatic pumps per well --- 1.00000
For well completion -- percentage of wells with green 
completion 0 1.00000
Well Pad Wind Erosion Emissions During Production -- 
Control Percent (%) 50 0.4785
Electrification of Compressor Engines (%) 50 0.5000

Scaling Factors for VFO

Parameter Value (Units shown at left)

Scaling Factor for Alternative Calculations 
(Units are number of wells, number of 

sources, or percentage)

NOTE:  These scaling factors are used throughout the 
emission calculation worksheets in order to streamline 
calculations throughout this worksheet.

Source Category
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VFO Alternative: RFD
Phase: Construction

Activity: Well Pad Construction
Emissions: Fugitive Particulate Emissions

from Well Pad and Resource Road Construction
Date: 9/3/2010

Well Pad, 
Resource 

Road, Local 
Road Area 1

Construction 
Activity TSP 

Emission Factor2
Construction Activity 

Duration
Construction 

Activity Duration

Manual 
Emission 
Control 

Efficiency

Rainfall 
Emission 
Control 

Efficiency3
PM10 Emissions 

(controlled)
PM2.5 Emissions 

(controlled)4
Wells per 
Well Pad

PM10 Emissions 
(controlled)

PM2.5 Emissions 
(controlled)

(acre) (tons/acre-month) (days/well pad) (hours/day) (%) (%) (lb/well pad) (lb/well pad) (lb/well) (lb/well)

6.0 1.2 7.5 12 50 100 212.38 21.24 3.5 60.68 6.07

Well Pad Construction Emissions (lb/well/day) 8.09 0.81 2.31 0.23

1

2

3 Frequency is 4.3% of annual hours have measurable precipitation -- Western Regional Climate Center (http://www.wrcc.dri.edu/htmlfiles/hrsofppt.html).
4

AP-42 (EPA 2006), Section 13.2.3, "Heavy Construction Operations".

Assuming that PM2.5 accounts for 10% of PM10 based on "Analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Land Disturbance From Well Pad, Resource Road, and Local Road Construction

Total disturbance area per well pad is estimated to be 7.25 acres for the well pad, 1.0 acre for a portion of compressor station and central treating facility (CTF), 1.75 acres for resource road and 
portion of local road area, and 2 acres for a portion of pipeline disturbance.
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VFO Alternative: RFD

Phase: Construction

Activity: Well Pad/Resource Road

Emissions: Fugitive Particulate From Well 

Pad and Resource Road Construction

Traffic on Unpaved Roads

Date:

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/pad) (miles) (VMT/pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/pad) (lb/pad)

Low boy hauler Local water/chemical 85,000 25 20 4 10 40 0.333 0 5.22 0.52 208.83 20.88

Resource water 85,000 25 20 4 0.8 3.2 0.333 0 5.22 0.52 16.71 1.67

Gravel haul trucks Local water/chemical 54,000 25 20 50 10 500 0.333 0 4.26 0.43 2128.35 212.83

Resource water 54,000 25 20 50 0.8 40 0.333 0 4.26 0.43 170.27 17.03

Fuel tanker Local water/chemical 54,000 25 20 1 10 10 0.333 0 4.26 0.43 42.57 4.26

Resource water 54,000 25 20 1 0.8 0.8 0.333 0 4.26 0.43 3.41 0.34

Water tanker (100 bbl) Local water/chemical 54,000 25 20 20 10 200 0.333 0 4.26 0.43 851.34 85.13

Resource water 54,000 25 20 20 0.8 16 0.333 0 4.26 0.43 68.11 6.81

Light trucks/pickups Local water/chemical 8,000 35 20 30 10 300 0.333 0 1.80 0.18 540.76 54.08

Resource water 8,000 35 20 30 0.8 24 0.333 0 1.80 0.18 43.26 4.33

 Total Unpaved Road Traffic Emissions (lb/pad) 4,073.60 407.36

Wells per Pad 3.5 3.5

 Total Unpaved Road Traffic Emissions (lb/well) 1,163.89 116.39

1

2

3

4

5

6

AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
Calculated as lb/VMT x VMT/pad x control efficiency.

Silt content was confirmed by VFO personnel (September 4, 2009).
Calculated as Round Trips per Vehicle Type x Round Trip Distance.

Vehicle Road Dust From Well Pad/Resource Road Construction

9/3/2010

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
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VFO Alternative: RFD
Phase: Construction

Activity: Well Pad/Resource Road
Emissions: Diesel Combustion Emissions

 from Heavy Equipment Exhaust
Date:

Heavy 
Equipment

Engine 
Horsepower

Operating 
Load 

Factor1 Pollutant Emission Factor

Construction 
Activity 

Duration Pollutant Emissions

(hp) (hr)

CO NOx SO2 VOC PM10
4 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10

4 CO2 CH4 N2O Form. Benzene Toluene Xylene

Backhoe2 100 0.4 2.45 7.46 0.027 0.55 0.789 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 9 1.94 5.92 0.02 0.44 0.63 414.37 0.02 0.00 0.00 0.00 0.00 0.00

Motor 
Grader2 165 0.4 2.45 7.46 0.027 0.55 0.789 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 12 4.28 13.03 0.05 0.96 1.38 911.60 0.04 0.01 0.01 0.01 0.00 0.00

D8 Dozer3 300 0.4 2.15 7.81 0.027 0.75 0.692 522.1 0.0251 0.0056 0.0037 0.00296 0.00129 0.000905 50 28.44 103.31 0.36 9.92 9.15 6906.08 0.33 0.07 0.05 0.04 0.02 0.01

Total Heavy Equipment Exhaust Emissions (lb/well pad) 34.66 122.25 0.43 11.32 11.16 8232.05 0.40 0.09 0.06 0.05 0.02 0.01

Wells per Pad 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

Total Heavy Equipment Exhaust Emissions (lb/well) 9.90 34.93 0.12 3.23 3.19 2352.02 0.11 0.03 0.02 0.01 0.01 0.00

1

2

3

4

5

6

7

8

9 Based on N2O emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

PM2.5 assumed equivalent to PM10 for combustion sources.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-hr = pounds per horsepower-hour.
Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; converted to g/hp-hr

Well Pad/Resource Road Heavy Construction Equipment Exhaust

Taken from "Surface Mining" (Pfleider 1972) for average service duty.

AP-42 (EPA 1985), Volume II Mobile Sources.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm).

Emission factor for track-type tractor.

(g/hp-hr) (lb/well pad)

9/3/2010
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VFO Alternative: RFD
Phase: Construction

Activity: Well Pad/Resource Road Construction 
Emissions: Construction Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor

Round 
Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/pad) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Low boy hauler 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 4 10.8 43.2 0.58 1.35 0.00 0.10 0.05 161.90 0.01 0.00 0.00 0.00 0.00 0.00

Gravel hauler 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 50 10.8 540 7.19 16.88 0.02 1.27 0.57 2023.81 0.10 0.05 0.01 0.01 0.00 0.00

Fuel tanker 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 1 10.8 10.8 0.14 0.34 0.00 0.03 0.01 40.48 0.00 0.00 0.00 0.00 0.00 0.00

Water tanker (100 bbl) 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 3.88E-02 0.0107 0.0085 0.00371 0.0026 20 10.8 216 2.88 6.75 0.01 0.51 0.23 809.52 0.04 0.02 0.01 0.00 0.00 0.00

Light duty diesel truck 3.2965 1.786 0.00516 1.612 0.2843 230 0.018 4.59E-02 0.0622 0.03224 0.00371 0.0026 18 10.8 194.4 1.41 0.77 --- 0.69 0.12 98.57 0.01 0.02 0.03 0.01 0.00 0.00

Light duty gasoline truck 45.965 2.01075 0.00437 2.967 0.0302 330 0.119 4.92E-02 0.0448 0.0798 0.00371 0.0026 12 10.8 129.6 13.13 0.57 --- 0.85 0.01 94.29 0.03 0.01 0.01 0.02 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 25.33 26.66 0.02 3.44 0.99 3228.57 0.19 0.10 0.06 0.05 0.01 0.01

Wells per Pad 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

Total Heavy Equipment Exhaust Emissions (lb/well) 7.24 7.62 0.01 0.98 0.28 922.45 0.05 0.03 0.02 0.01 0.00 0.00

1

2

5

6

7

8

9

(g/mi) (lb/well pad)

Pollutant Emissions

9/3/2010

Well Pad/Resource Road Construction Vehicle Exhaust

Emission factors reflect the Uintah County, Utah, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO 2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).
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VFO Alternative: RFD
Phase: Construction

Activity: Drill Rig Transport
Emissions: Fugitive Particulate from Drill Rig 

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round Trips 
(RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well) (lb/well)

Rig Hauler Local water/chemical 100,000 25 20 35 10 350 0.333 0 5.62 0.56 1965.91 196.59

Resource water 100,000 25 20 35 0.8 28 0.333 0 5.62 0.56 157.27 15.73

Water tanker (130 bbl) Local water/chemical 85,000 25 20 276 10 2760 0.333 0 5.22 0.52 14409.32 1440.93

Resource water 85,000 25 20 276 0.8 220.8 0.333 0 5.22 0.52 1152.75 115.27

 Total Unpaved Road Traffic Emissions (lb/well) 17,685.25 1,768.52

1

2

3

4

5

6

Vehicle Road Dust From Drill Rig Transport

Silt content was confirmed by VFO personnel (September 4, 2009).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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VFO Alternative: RFD
Phase: Construction

Activity: Drill Rig and Water Transport
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

3 CH4
4 N2O

7 Form.5 Benzene5 Toluene5 Xylene5 CO NOx SO2
6 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Rig haulers 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 35 10.8 378 5.03 11.81 0.01 0.89 0.40 1416.67 0.07 0.03 0.01 0.01 0.00 0.00

Water truck (130 bbl) 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 276 10.8 2980.8 39.69 93.17 0.09 7.01 3.16 11171.43 0.53 0.25 0.07 0.06 0.02 0.02

Total Heavy Equipment Exhaust Emissions (lb/well) 44.72 104.98 0.10 7.89 3.56 12588.10 0.60 0.29 0.08 0.06 0.03 0.02

1

2

3

4

5

6

7 Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Uintah County, Utah, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American Petroleum Institute (2004).

(g/mi) (lb/well)

Pollutant Emissions

Drill Rig and Drilling Water Transport Exhaust Emissions

9/3/2010
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VFO Alternative: RFD
Phase: Construction

Activity: Drilling
Emissions: Fugitive Particulate From Drilling

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months with 
Frozen or 

Muddy Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well) (lb/well)

Fuel tanker Local water/chemical 54,000 25 20 10 10 100 0.333 0 4.26 0.43 425.67 42.57

Resource water 54,000 25 20 10 0.8 8 0.333 0 4.26 0.43 34.05 3.41

Logging truck Local water/chemical 35,000 25 20 1 10 10 0.333 0 3.50 0.35 35.02 3.50

Resource water 35,000 25 20 1 0.8 0.8 0.333 0 3.50 0.35 2.80 0.28

Cement truck Local water/chemical 54,000 25 20 2 10 20 0.333 0 4.26 0.43 85.13 8.51

Resource water 54,000 25 20 2 0.8 1.6 0.333 0 4.26 0.43 6.81 0.68

Cement supply truck Local water/chemical 66,000 25 20 2 10 20 0.333 0 4.66 0.47 93.18 9.32

Resource water 66,000 25 20 2 0.8 1.6 0.333 0 4.66 0.47 7.45 0.75

Water tanker (100 bbl) Local water/chemical 54,000 25 20 0 10 0 0.333 0 4.26 0.43 0.00 0.00

(road dust control) Resource water 54,000 25 20 0 0.8 0 0.333 0 4.26 0.43 0.00 0.00

Light duty vehicles (bits) Local water/chemical 8,000 35 20 4 10 40 0.333 0 1.80 0.18 72.10 7.21

Resource water 8,000 35 20 4 0.8 3.2 0.333 0 1.80 0.18 5.77 0.58

Light duty vehicles Local water/chemical 3000 35 20 100 10 1000 0.333 0 1.16 0.12 1159.31 115.93

(commuting) Resource water 3000 35 20 100 0.8 80 0.333 0 1.16 0.12 92.74 9.27

  Total Unpaved Road Traffic Emissions (lb/well) 2,020.05 202.01

1

2

3

4

5

6

Vehicle Road Dust During Drilling

Silt content was confirmed by VFO personnel (September 4, 2009).

Calculated as lb/VMT x VMT/well x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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VFO Alternative: RFD
Phase: Construction

Activity:
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

9 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Fuel tanker 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 10 10.8 108 1.44 3.38 0.00 0.25 0.11 404.76 0.02 0.01 0.00 0.00 0.00 0.00

Logging truck 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1 10.8 10.8 0.14 0.34 0.00 0.03 0.01 40.48 0.00 0.00 0.00 0.00 0.00 0.00

Cement truck 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.29 0.68 0.00 0.05 0.02 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Cement supply truck 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.29 0.68 0.00 0.05 0.02 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Water truck (100 bbl) 6.04 14.1775 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 0 10.8 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck 3.2965 1.786 0.00516 1.612 0.2843 230 0.018 0.0459 0.0622 0.03224 0.00371 0.0026 3 10.8 32.4 0.24 0.13 --- 0.12 0.02 16.43 0.00 0.00 0.00 0.00 0.00 0.00
(bits)

Light duty gasoline truck 45.965 2.01075 0.00437 2.967 0.0302 330 0.119 0.0492 0.0448 0.0798 0.00371 0.0026 1 10.8 10.8 1.09 0.05 --- 0.07 0.00 7.86 0.00 0.00 0.00 0.00 0.00 0.00
 (bits)

Light duty diesel truck 3.2965 1.786 0.00516 1.612 0.2843 230 0.018 0.0459 0.0622 0.03224 0.00371 0.0026 60 10.8 648 4.71 2.55 --- 2.30 0.41 328.57 0.03 0.07 0.09 0.05 0.01 0.00
  (commuting)

Light duty gasoline truck 45.965 2.01075 0.00437 2.967 0.0302 330 0.119 0.0492 0.0448 0.0798 0.00371 0.0026 40 10.8 432 43.78 1.92 --- 2.83 0.03 314.29 0.11 0.05 0.04 0.08 0.00 0.00
  (commuting)

Total Heavy Equipment Exhaust Emissions (lb/well) 51.97 9.71 0.00 5.70 0.63 1274.29 0.17 0.13 0.14 0.13 0.01 0.01

1

2

5

6

7

8

9

Emission factors reflect the Uintah County, Utah, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American 
Petroleum Institute (2004).

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American 
Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

(g/mi) (lb/well)

Pollutant Emissions

Drilling Operation Vehicle Exhaust

9/3/2010

Drilling
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VFO Alternative: RFD
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Drilling Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Pollutant
Pollutant Emission 

Factor1
Total Horsepower 

All Engines2
Overall Load 

Factor3
Drilling Activity 

Duration
Drilling Activity 

Duration Emissions Emissions
(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 3,000 0.40 5 24 825.40         6.88         
NOx 0.5000 3,000 0.40 5 24 158.73         1.32         
SO2

4 0.0278 3,000 0.40 5 24 8.83         0.07         
VOC 0.1400 3,000 0.40 5 24 44.44         0.37         
PM10

5 0.0220 3,000 0.40 5 24 6.98         0.06         
(lb/hp-hr)

CO2
6 1.15000 3,000 0.40 5 24 165,600.00         1,380.00         

CH4
7 5.53E-05 3,000 0.40 5 24 7.96         0.07         

N2O
8 1.24E-05 3,000 0.40 5 24 1.79         0.01         

Formaldehyde9 5.52E-07 3,000 0.40 5 24 0.08         0.00         
Benzene10 6.53E-06 3,000 0.40 5 24 0.94         0.01         
Toluene10 2.86E-06 3,000 0.40 5 24 0.41         0.00         
Xylene10 2.00E-06 3,000 0.40 5 24 0.29         0.00         

1

2

3

4

5

6

7

8

9

10
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines", 
converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors for Large 
Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-hr = 
pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for low-sulfur fuel (15 ppm).

Drilling Emissions - Tier 4b - Directional Drilling

Emission factors for Tier 4 (2015) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 38980, June 29, 
2004) for generator sets greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 4, "Tier 4 Emission Standards—Engines 
Above 560 kW (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on three 1,000 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).
The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.
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VFO Alternative: RFD
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Frac Pump Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Pollutant
Pollutant Emission 

Factor1
Total Horsepower 

All Engines2
Overall Load 

Factor3
Fracing Activity 

Duration
Fracing Activity 

Duration Emissions Emissions
(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 12,000 0.85 0.5 12 350.79         58.47         
NOx 0.5000 12,000 0.85 0.5 12 67.46         11.24         
SO2

4 0.0278 12,000 0.85 0.5 12 3.75         0.63         
VOC 0.1400 12,000 0.85 0.5 12 18.89         3.15         
PM10

5 0.02200 12,000 0.85 0.5 12 2.97         0.49         
(lb/hp-hr)

CO2
6 1.15000 12,000 0.85 0.5 12 70,380.00         11,730.00         

CH4
7 5.53E-05 12,000 0.85 0.5 12 3.38         0.56         

N2O
8 1.24E-05 12,000 0.85 0.5 12 0.76         0.13         

Formaldehyde9 5.52E-07 12,000 0.85 0.5 12 0.03         0.01         
Benzene10 6.53E-06 12,000 0.85 0.5 12 0.40         0.07         
Toluene10 2.86E-06 12,000 0.85 0.5 12 0.18         0.03         
Xylene10 2.00E-06 12,000 0.85 0.5 12 0.12         0.02         

1

2

3

4

5

6

7

8

9

10
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines", 
converted from lb/MMBtu to lb/hp-hr using an average BSFC of 7,000 Btu/hp-hr.

AP-42 (EPA 1996), Section 3.4, "Large Stationary Diesel and All Stationary Dual-Fuel Engines. Table 3.4-3, "Speciated Organic Compound Emission Factors for Large 
Uncontrolled Stationary Diesel Engines", converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC) of 7,000 Btu/hp-hr.

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG 
Emission Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-hr 
= pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines".  
Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjusting for ultra-low sulfur fuel (15 ppm).

Frac Pump Emissions - Tier 4b 

Emission factors for Tier 4 (2015) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 38980, June 29, 
2004) for generator sets greater than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 4, "Tier 4 Emission Standards—Engines 
Above 560 kW (g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on eight 1,500 hp engines, fueled with ultra low sulfur diesel fuel (15 ppm).
The overall load factor is 0.85.

PM2.5 assumed equivalent to PM10 for drilling engines.
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Field Office: Vernal
Phase: Production

Activity: Well Pumpjack Engine
Emissions: Emissions from Diesel-Fueled

Engine
Date: 9/3/2010

Pumpjack Engine
Power Rating 105 hp
Operating Load Factor 50 %
Fuel Ultra-low Sulfur Diesel (15 ppm)
Engines per Oil Well 1

Operating Parameters:
Operating Hours 8760 hr/yr

Emission Factor
(g/hp-hr) (g/hr) (lb/hr) (lb/yr) (lb/well) (lb/pad)

CO1 1.5000 78.750 0.1736 1,520.83 1520.83 3041.67
NOx

1 2.0000 105.000 0.2315 2,027.78 2027.78 304.17
PM10

1 0.2000 10.500 0.0231 202.78 202.78 304.17
PM2.5

1 0.2000 10.500 0.0231 202.78 202.78 4.56
SO2

1 0.00300 0.158 0.0003 3.04 3.04 760.42
VOC1 0.5000 26.250 0.0579 506.94 506.94 0.00

(lb/hp-hr)
CO2

2 1.15000 --- 1.1500 10,074.00 10074.00 0.73
CH4

4 5.53E-05 --- 0.0001 0.48 0.48 0.16
N2O

5 1.24E-05 --- 0.0000 0.11 0.11 0.11
Formaldehyde3 8.2407E-06 --- 0.0000 0.07 0.07 0.09
Benzene3 6.53E-06 --- 0.0000 0.06 0.06 0.04
Toluene3 2.86E-06 --- 0.0000 0.03 0.03 0.03
Xylene3 2.00E-06 --- 0.0000 0.02 0.02 0.00

1 Emission rates supplied by BLM on 6/11/08.
2

3

4

5

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).
Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Emissions

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled 
Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines"; lb/hp-hr = pounds per horsepower-hour.

Emissions per 
Well

Emissions per 
Pad

Oil Well Pumpjack Engine

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-70



VFO Alternative: RFD
Phase: Construction

Activity: Completion and Testing
Emissions: Fugitive Particulate From Completion and 

Testing Traffic on Unpaved Roads
Date:

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well) (lb/well)

Water tanker (100 bbl) Local water/chemical 85,000 25 20 238 10 2380 0.333 0 5.22 0.52 12425.43 1242.54

Resource water 85,000 25 20 238 0.8 190.4 0.333 0 5.22 0.52 994.03 99.40

  Total Unpaved Road Traffic Emissions (lb/well) 13,419.46 1,341.95

1

2

3

4

5

6

Vehicle Road Dust During Completion Watering

Silt content was confirmed by VFO personnel (September 4, 2009).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 
Emission Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

9/3/2010

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix B

B-71



VFO Alternative: RFD
Phase: Construction

Activity: Well Completion and Testing
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round 

Trips (RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10

4 CO2 CH4 N2O Form. Benzene Toluene Xylene

Water truck (100 bbl) 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 238 10.8 2570.4 34.23 80.34 0.08 6.04 2.72 9633.33 0.46 0.22 0.06 0.05 0.02 0.01

Total Heavy Equipment Exhaust Emissions (lb/well) 34.23 80.34 0.08 6.04 2.72 9633.33 0.46 0.22 0.06 0.05 0.02 0.01

1

2

4

5

6

7

8

9

10

11 Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile 
Sources, American Petroleum Institute (2004).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average 
winter/summer concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with 
average winter/summer concentrations.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Uintah County, Utah, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
PM2.5 assumed equivalent to PM10 for combustion sources.

(g/mi) (lb/well)

Pollutant Emissions

9/3/2010

Well Completion Watering Vehicle Exhaust
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VFO Alternative: RFD
Phase: Construction

Activity: Completion and Testing
Emissions: Fugitive Particulate From Completion and 

Testing Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)2

Ratio of 
Months 

with 
Frozen or 

Muddy 
Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)

PM2.5 

Emissions5 

(uncontrolled)

(lb) (mph) (%) (RT/well) (miles) (VMT/well) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well) (lb/well)

Casing hauler Local water/chemical 100,000 25 20 3 10 30 0.333333 0 5.62 0.56 168.51 16.85

Resource water 100,000 25 20 3 0.8 2.4 0.333333 0 5.62 0.56 13.48 1.35

Completion rig Local water/chemical 85,000 25 20 1 10 10 0.333333 0 5.22 0.52 52.21 5.22

Resource water 85,000 25 20 1 0.8 0.8 0.333333 0 5.22 0.52 4.18 0.42

Logging truck Local water/chemical 35,000 25 20 2 10 20 0.333333 0 3.50 0.35 70.04 7.00

Resource water 35,000 25 20 2 1 2 0.333333 0 3.50 0.35 7.00 0.70

Cement truck Local water/chemical 54,000 25 20 6 10 60 0.333333 0 4.26 0.43 255.40 25.54

Resource water 54,000 25 20 6 1 6 0.333333 0 4.26 0.43 25.54 2.55

Sand truck Local water/chemical 85,000 25 20 20 10 200 0.333333 0 5.22 0.52 1044.15 104.42

Resource water 85,000 25 20 20 1 20 0.333333 0 5.22 0.52 104.42 10.44

Frac pumper Local water/chemical 85,000 25 20 30 10 300 0.333333 0 5.22 0.52 1566.23 156.62

Resource water 85,000 25 20 30 1 30 0.333333 0 5.22 0.52 156.62 15.66

Fracmaster delivery Local water/chemical 85,000 25 20 2 10 20 0.333333 0 5.22 0.52 104.42 10.44

Resource water 85,000 25 20 2 1 2 0.333333 0 5.22 0.52 10.44 1.04

Water tanker (100 bbl) Local water/chemical 54,000 25 20 0 10 0 0.333333 0 4.26 0.43 0.00 0.00

Resource water 54,000 25 20 0 1 0 0.333333 0 4.26 0.43 0.00 0.00

Light duty gasoline trucks Local water/chemical 3,000 35 20 30 10 300 0.333333 0 1.16 0.12 347.79 34.78

Resource water 3,000 35 20 30 1 30 0.333333 0 1.16 0.12 34.78 3.48

  Total Unpaved Road Traffic Emissions (lb/well) 3,965.21 396.52

1

2

3

4

5

6

Vehicle Road Dust During Completion

Silt content was confirmed by VFO personnel (September 4, 2009).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.
Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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VFO Alternative: RFD
Phase: Construction

Activity: Well Completion and Testing
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)2

(RT/well) (miles) (mi)

CO1 NOx
1 SO2

2 VOC1 PM10
1 CO2

5 CH4
6 N2O

11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2
8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Casing hauler 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 3 10.8 32.4 0.43 1.01 0.00 0.08 0.03 121.43 0.01 0.00 0.00 0.00 0.00 0.00

Completion rig 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 1 10.8 10.8 0.14 0.34 0.00 0.03 0.01 40.48 0.00 0.00 0.00 0.00 0.00 0.00

Logging truck 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.29 0.68 0.00 0.05 0.02 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Cement truck 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 6 10.8 64.8 0.86 2.03 0.00 0.15 0.07 242.86 0.01 0.01 0.00 0.00 0.00 0.00

Sand truck 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 20 10.8 216 2.88 6.75 0.01 0.51 0.23 809.52 0.04 0.02 0.01 0.00 0.00 0.00

Frac pumper 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 30 10.8 324 4.31 10.13 0.01 0.76 0.34 1214.29 0.06 0.03 0.01 0.01 0.00 0.00

Fracmaster delivery 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 2 10.8 21.6 0.29 0.68 0.00 0.05 0.02 80.95 0.00 0.00 0.00 0.00 0.00 0.00

Water truck (100 bbl) 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 0 10.8 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Light duty diesel truck9 3.2965 1.786 0.00516 1.612 0.2843 230 0.019 0.0459 0.0622 0.03224 0.00371 0.0026 18 10.8 194.4 1.41 0.77 0.00 0.69 0.12 98.57 0.01 0.02 0.03 0.01 0.00 0.00

Light duty gasoline truck10 45.965 2.0108 0.00437 2.967 0.0302 330 0.119 0.0492 0.0448 0.0798 0.00371 0.0026 12 10.8 129.6 13.13 0.57 0.00 0.85 0.01 94.29 0.03 0.01 0.01 0.02 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well) 23.75 22.94 0.02 3.16 0.86 2783.33 0.17 0.09 0.06 0.05 0.01 0.01

1

2

5

6

7

8

9

10

11
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, 
American Petroleum Institute (2004).

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average 
winter/summer concentrations.

Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average 
winter/summer concentrations.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO 2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American 
Petroleum Institute (2004).
AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.
Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 

(g/mi) (lb/well)

Pollutant Emissions

9/3/2010

Well Completion Vehicle Exhaust

Emission factors reflect the Uintah County, Utah, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.
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VFO Alternative: RFD
Phase: Construction

Activity: Completion/Testing Flaring
Emissions: Gas Flaring without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Total Volume of Gas Emitted1 1.00 MMscf
Total Volume of Gas Vented1 0.50 MMscf
Total Volume of Flared Gas1 0.50 MMscf
Average Heat Content 1,050 BTU/scf

Total Hours in which Gas is Vented or Flared 1 36 hrs 

Volume
Volume 

Units Pollutant
Emission 

Factor
Emission 

Factor Units Emission Factor Source
Total 

Emissions
Total 

Emissions Duration
Hourly 

Emissions
(lb/well) (ton/well) (hours) (lb/hr/well)

Venting - Natural Gas 2 0.50 MMscf VOC 7,549.85 lb/MMscf Extended Natural Gas Analysis1 3774.9 1.89 36 104.86
CO2 193.05 lb/MMscf Extended Natural Gas Analysis1

96.5 0.05 36 2.68
CH4 28,481.69 lb/MMscf Extended Natural Gas Analysis1

14240.8 7.12 36 395.58
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1

0.0 0.00 36 0.00
HAP (total) 504.46 lb/MMscf Extended Natural Gas Analysis1 252.2 0.13 36 7.01
  Benzene 54.12 lb/MMscf Extended Natural Gas Analysis1 27.1 0.01 36 0.75
  Toluene 44.92 lb/MMscf Extended Natural Gas Analysis1 22.5 0.01 36 0.62
  Ethylbenzene 0.00 lb/MMscf Extended Natural Gas Analysis1 0.0 0.00 36 0.00
  Xylenes 29.97 lb/MMscf Extended Natural Gas Analysis1 15.0 0.01 36 0.42
  Hexane 375.45 lb/MMscf Extended Natural Gas Analysis1 187.7 0.09 36 5.21

Flaring - Natural Gas 0.50 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 50.0 0.03 36 1.39
CO 84.00 lb/MMscf AP-42 Section 1.4 42.0 0.02 36 1.17
PM10 7.60 lb/MMscf AP-42 Section 1.4 3.8 0.00 36 0.11
VOC 5.50 lb/MMscf AP-42 Section 1.4 2.8 0.00 36 0.08
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 60000.0 30.00 36 1666.67
CH4 2.30 lb/MMscf AP-42 Section 1.4 1.2 0.00 36 0.03
N2O 2.20 lb/MMscf AP-42 Section 1.4 1.1 0.00 36 0.03
HAP (total) 25.22 lb/MMscf Assume 95% Reduction3 12.6 0.01 36 0.35
  Benzene 2.71 lb/MMscf Assume 95% Reduction3 1.4 0.00 36 0.04
  Toluene 2.25 lb/MMscf Assume 95% Reduction3 1.1 0.00 36 0.03
  Ethylbenzene 0.00 lb/MMscf Assume 95% Reduction3 0.0 0.00 36 0.00
  Xylenes 1.50 lb/MMscf Assume 95% Reduction3 0.7 0.00 36 0.02
  Hexane 18.77 lb/MMscf Assume 95% Reduction3 9.4 0.00 36 0.26

5 bbl VOC 10.00 lb VOC/bbl 50.0 0.02500 36 1.39

1

2

3

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).
For VOC and HAP emission factors that used the constituent analysis, a 95% destruction rate was assumed. 

Completion Venting and Flaring

Evaporation from condensate/water to waste pit 
(for wells not using green completion)

Tests conducted by Williams E&P 
for CDPHE

50% of well completions will use venting and 50% will use flaring.  For simplicity, single-well emissions are shown with both venting and 
flaring.
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VFO Alternative: RFD
Phase: Construction

Activity: Drilling
Emissions: Diesel Combustion Emissions from 

Workover Rig Engines - EPA Tier 4b (2015)
Date: 9/3/2010

Percentage of Producing Wells 1.00%

Pollutant
Pollutant Emission 

Factor1
Total Horsepower All 

Engines2
Overall Load 

Factor3
Drilling Activity 

Duration
Drilling Activity 

Duration

Emissions 
Allocated Across 

All Producing Wells

Emissions 
Allocated Across 

All Producing Wells
(g/hp-hr) (hp) (days/well) (hrs/day) (lb/well) (lb/hr/well)

CO 2.6000 475 0.40 1.5 24 0.3921 0.0109
NOx 0.3000 475 0.40 1.5 24 0.0452 0.0013
SO2

4 0.0278 475 0.40 1.5 24 0.0042 0.0001
VOC 0.1400 475 0.40 1.5 24 0.0211 0.0006
PM10

5 0.01500 475 0.40 1.5 24 0.0023 0.0001
(lb/hp-hr)

CO2
6 1.15000 475 0.40 1.5 24 78.6600 2.1850

CH4
7 5.53E-05 475 0.40 1.5 24 0.0038 0.0001

N2O
8 1.24E-05 475 0.40 1.5 24 0.0008 0.0000

Formaldehyde9 8.26E-06 475 0.40 1.5 24 0.0006 0.0000
Benzene9 6.53E-06 475 0.40 1.5 24 0.0004 0.0000
Toluene9 2.86E-06 475 0.40 1.5 24 0.0002 0.0000
Xylene9 2.00E-06 475 0.40 1.5 24 0.0001 0.0000

1

2

3

4

5

6

7

8

9

Workover Rig Emissions - Tier 4b

Emission factors for Tier 4 (2014) engines taken from "Control of Emissions of Air Pollution From Nonroad Diesel Engines and Fuel: Final Rule" (69 FR 38980, June 29, 2004)
for engines less than 750 hp and from Diesel Net, Emissions Standards: USA: Nonroad Diesel Engines, Table 3, "Tier 4 Emission Standards—Engines Up To 560 kW, g/kWh 
(g/bhp-hr)."  Available on-line at http://www.dieselnet.com/standards/us/offroad.html.
Drilling engine total horsepower is based on one 475 hp engine, fueled with ultra low sulfur diesel fuel (15 ppm).

Only 1% of producing wells are expected to be worked over in any single year.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines", 
converted from lb/MMBtu to lb/hp-hr using an average brake-specific fuel consumption (BSFC)

Based on nitrous oxide emissions of 0.08 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

Based on methane emissions of 0.13 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission 
Methodologies for the Oil and Gas Industry," Table 4-9 (2004).

The overall load factor is 0.4.

PM2.5 assumed equivalent to PM10 for drilling engines.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial Engines"; lb/hp-hr = 
pounds per horsepower-hour.

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-1, "Emission Factors for Uncontrolled Gasoline and Diesel Industrial 
Engines".  Emission rate of 0.00205 lb/hp-hr converts to 0.0278 g/hp-hr when converting units and adjust
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VFO Alternative: RFD
Phase: Production

Activity: Recompletion, Flaring
Emissions: Recompletion without High Pressure

Flowback Separator Units
Date: 9/3/2010

Specifications:

Total Volume of Gas Emitted per recompleted well1 1.00 MMscf
Total Volume of Gas Vented 0.50 MMscf
Total Volume of Flared Gas 0.50 MMscf
Average Heat Content 1,050 BTU/scf

Percentage of Operating Wells Recompleted in Year 1.00%
Total Hours in which Gas is Vented or Flared1 24 hrs 

Volume
Volume 

Units Pollutant
Emission 

Factor

Emission 
Factor 
Units Emission Factor Source

Total 
Emissions

Total 
Emissions Duration

Hourly 
Emissions

(lb/well/yr)4 (ton/well)4 (hours) (lb/hr/well)4

Venting - Natural Gas 2 0.50 MMscf VOC 7,549.85 lb/MMscf Extended Natural Gas Analysis1 37.749 0.019 24 37.749
CO2 193.05 lb/MMscf Extended Natural Gas Analysis1

0.965 0.000 24 0.965
CH4 28,481.69 lb/MMscf Extended Natural Gas Analysis1

142.408 0.071 24 142.408
N2O 0.00 lb/MMscf Extended Natural Gas Analysis1

0.000 0.000 24 0.000
HAP (total) 504.46 lb/MMscf Extended Natural Gas Analysis1 2.522 0.001 24 2.522
  Benzene 54.12 lb/MMscf Extended Natural Gas Analysis1 0.271 0.000 24 0.271
  Toluene 44.92 lb/MMscf Extended Natural Gas Analysis1 0.225 0.000 24 0.225
  Ethylbenzene 0.00 lb/MMscf Extended Natural Gas Analysis1 0.000 0.000 24 0.000
  Xylenes 29.97 lb/MMscf Extended Natural Gas Analysis1 0.150 0.000 24 0.150
  Hexane 375.45 lb/MMscf Extended Natural Gas Analysis1 1.877 0.001 24 1.877

Flaring - Natural Gas 0.50 MMscf NOx 100.00 lb/MMscf AP-42 Section 1.4 0.500 0.000 24 0.021
CO 84.00 lb/MMscf AP-42 Section 1.4 0.420 0.000 24 0.018
PM10 7.60 lb/MMscf AP-42 Section 1.4 0.038 0.000 24 0.002
VOC 5.50 lb/MMscf AP-42 Section 1.4 0.028 0.000 24 0.001
CO2 120,000.00 lb/MMscf AP-42 Section 1.4 600.000 0.300 24 25.000
CH4 2.30 lb/MMscf AP-42 Section 1.4 0.012 0.000 24 0.000
N2O 2.20 lb/MMscf AP-42 Section 1.4 0.011 0.000 44 0.000
HAP (total) 25.22 lb/MMscf Assume 95% Reduction3 0.126 0.000 24 0.005
  Benzene 2.71 lb/MMscf Assume 95% Reduction3 0.014 0.000 24 0.001
  Toluene 2.25 lb/MMscf Assume 95% Reduction3 0.011 0.000 24 0.000
  Ethylbenzene 0.00 lb/MMscf Assume 95% Reduction3 0.000 0.000 24 0.000
  Xylenes 1.50 lb/MMscf Assume 95% Reduction3 0.007 0.000 24 0.000
  Hexane 18.77 lb/MMscf Assume 95% Reduction3 0.094 0.000 24 0.004

3 bbl VOC 0.07 lb VOC/bbl 0.002 0.00000 24 0.0001

1

2

3

4

Recompletion Venting and Flaring

Evaporation from condensate/water to waste pit Tests conducted by Williams E&P 
for CDPHE

During recompletion, 50% of well recompletions will use venting and 50% will use flaring.  For simplicity, single-well emissions are 
shown with both venting and flaring.

Only 1% of operating wells are expected to be recompleted in any single year.

Based on data collected from oil and gas operators in the Piceance Basin (July 2009).
Based on extended gas analysis for typical Piceance Basin gas (see gas analysis worksheet).
For VOC and HAP emission factors that used the constituent analysis, a 95% destruction rate was assumed. 
Per-well totals provide emissions for each operating well based on allocation of emissions from the 1 percent of wells that are recompleted. 
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VFO Alternative: RFD

Phase: Production
Activity: Area Source Fugitives

Emissions: Area Source Fugitives Emissions
Date: 9/3/2010

Pump Seals
p

Seals Relief Valves Connectors
p

Lines
p g

Connections

Equipment Type
gas service per 

well
LL service per 

well
in LL service per 

well
seals in gas 

service per well
in gas service 

per well
# of connectors 

per well
# of open-ended 

lines per well
connections per 

well
Count at compressor stations 1 100 50 2 6 12 421 12 9
Count at consolidated facilities 1 0 0 0 0 0 0 0 0

Count at well pads 1 80 3 2 0 15 180 0 12
Counts per well at consolidated facilities 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Counts per well at well pads 22.8571 0.8571 0.5714 0.0000 4.2857 51.4286 0.0000 3.4286

Equipment Type VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Gas Service Valves 0.00450 0.0099 1.76E-03 4.51E-05 6.65E-03 0.00E+00 1.18E-04 1.26E-05 1.05E-05 0.00E+00 7.00E-06 8.77E-05
Light Liquid Valves 0.00250 0.0055 4.49E-03 9.26E-06 3.19E-05 0.00E+00 1.48E-03 7.82E-05 4.32E-04 1.37E-05 4.36E-04 5.16E-04

Light Liquid Pump Seals 0.01300 0.0287 2.34E-02 4.81E-05 1.66E-04 0.00E+00 7.68E-03 4.06E-04 2.25E-03 7.14E-05 2.27E-03 2.68E-03
Gas Service Compressor Seals 0.00880 0.0194 3.45E-03 8.82E-05 1.30E-02 0.00E+00 2.30E-04 2.47E-05 2.05E-05 0.00E+00 1.37E-05 1.72E-04

Gas Service Relief Valves 0.00880 0.0194 3.45E-03 8.82E-05 1.30E-02 0.00E+00 2.30E-04 2.47E-05 2.05E-05 0.00E+00 1.37E-05 1.72E-04
Connectors 0.00020 0.0004 7.84E-05 2.00E-06 2.96E-04 0.00E+00 5.24E-06 5.62E-07 4.66E-07 0.00E+00 3.11E-07 3.90E-06

Open-Ended Lines 0.00200 0.0044 7.84E-04 2.00E-05 2.96E-03 0.00E+00 5.24E-05 5.62E-06 4.66E-06 0.00E+00 3.11E-06 3.90E-05
Sampling Connections 0.00880 0.0194 3.45E-03 8.82E-05 1.30E-02 0.00E+00 2.30E-04 2.47E-05 2.05E-05 0.00E+00 1.37E-05 1.72E-04

Equipment Type VOC CO2 CH4 N2O HAP (total) Benzene Toluene Ethylbenzene Xylenes Hexane

Gas Service Valves 4.03E-02 1.03E-03 1.52E-01 0.00E+00 2.69E-03 2.89E-04 2.40E-04 0.00E+00 1.60E-04 2.01E-03
Light Liquid Valves 3.85E-03 7.94E-06 2.74E-05 0.00E+00 1.27E-03 6.70E-05 3.70E-04 1.18E-05 3.74E-04 4.43E-04

Light Liquid Pump Seals 1.33E-02 2.75E-05 9.48E-05 0.00E+00 4.39E-03 2.32E-04 1.28E-03 4.08E-05 1.30E-03 1.53E-03
Gas Service Compressor Seals 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Gas Service Relief Valves 1.48E-02 3.78E-04 5.58E-02 0.00E+00 9.88E-04 1.06E-04 8.80E-05 0.00E+00 5.87E-05 7.35E-04
Gas Service Connectors 4.03E-03 1.03E-04 1.52E-02 0.00E+00 2.69E-04 2.89E-05 2.40E-05 0.00E+00 1.60E-05 2.01E-04

Gas Service Open-Ended Lines 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Gas Service Sampling Connections 1.18E-02 3.02E-04 4.46E-02 0.00E+00 7.90E-04 8.48E-05 7.04E-05 0.00E+00 4.69E-05 5.88E-04

Consolidated Facilties and Well Pads Total 8.82E-02 1.85E-03 2.68E-01 0.00E+00 1.04E-02 8.08E-04 2.08E-03 5.25E-05 1.95E-03 5.51E-03
All Sources Totals (lbs/well/yr) 7.72E+02 1.62E+01 2.35E+03 0.00E+00 9.10E+01 7.08E+00 1.82E+01 4.60E-01 1.71E+01 4.82E+01

1

2 "EPA Protocol for Equipment Leak Emission Estimates" -- Table 2-4.  Oil and Gas Production Operations Average Emission Factors.

(lb/well/hr)

Equipment Leaks

Based on data collected from oil and gas operators in the Piceance Basin (July, 2009) -- Extended Natural Gas and Light Liquid (LL) Analysis

Oil and Gas 
Emission 
Factor (kg 
TOC/hr/ 
source) 2

Input Values for Calculations

Valves

Oil and Gas 
Emission 
Factor (lb 
TOC/hr/ 
source)

Pollutant Emission Factor1

(lb/hr/source)

Pollutant Emissions
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VFO Alternative: All
Phase: Production

Activity: Analysis
Date:

Component
Molecular 

Weight 
Weight 
Percent

Carbon 
Content 
for TOC

Contribu-
tion to 
TOC 

Carbon 
Content

(lb/lb-mol) (wt%) (lb C/lb) (lb C/lb TOC)

Methane 16.040 0.579 0.749 0.434
Ethane 30.070 0.458 0.799 0.366
Nitrogen 28.020 0.007 --- ---
Carbon Dioxide 43.990 0.168 --- ---
Nitrous Oxide 44.020 0.000 --- ---
Hydrogen Sulfide 34.060 0.000 --- ---
Non-reactive, non-HAP --- 1.212 ---
Propane 44.100 0.771 0.817 0.630
Iso-butane 58.120 0.688 0.827 0.569
n-butane 58.120 0.906 0.827 0.749
i-pentane 72.150 1.515 0.832 1.261
n-pentane 72.150 1.502 0.499 0.750
Hexanes 100.210 9.368 0.719 6.736
Heptanes 100.200 19.328 0.839 16.217
Octanes 114.230 17.614 0.841 14.815
Nonanes 128.258 13.309 0.843 11.216
Decanes+ 142.29 16.491 0.844 13.919
Reactive VOC --- 81.492 66.862
Benzene 78.110 1.418 0.923 1.308
Ethylbenzene 106.160 0.249 0.905 0.225
n-Hexane --- 9.368 --- ---
Toluene 92.130 7.837 0.913 7.151
Xylenes 106.160 7.912 0.905 7.161
HAPs --- 26.784 15.846

Totals --- 100.120 83.507 3

1

2

3 The carbon contribution to hydrocarbons in the liquid mixture is used to calculate CO2 emissions from the model gas plant 
thermal oxidizer and flare.

9/3/2010

n-Hexane is a VOC and a HAP.  To be conservative, all non-speciated hexanes are assumed to be HAPs.

Condensate Analysis

Extended condensate analysis of typical Piceance Basin condensate.
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VFO Alternative: RFD
Phase: Production

Activity: Wind Erosion
Emissions: Fugitive Particulate Emissions

from Wind Blown Dust at Well Pads
Date: 9/3/2010

Well Pad and 
Resource 

Road Area 1 Silt Content2

Days with Wind 
Speed Greater Than 

5.4 m/s 3

Total 
Suspended 
Particulate4

Days Before 
Interim 

Reclamation 
Complete 5

Total 
Suspended 
Particulate 

Emission Control 
Efficiency6

PM10 Emissions 
(uncontrolled)7

PM2.5 Emissions 
(uncontrolled)8

Wells per Well 
Pad

PM10 Emissions 
(uncontrolled)3

PM2.5 Emissions 
(uncontrolled)4

(acre) (%) (%) (lb/acre/month) (months) (lb/well pad) (%) (lb/well pad) (lb/well pad) (lb/well) (lb/well)

6.0 20 27.4 64.309 24.0 9,260.50 0 2,315.13 231.51 3.5 661.46 66.15

1

2

3

4
AP-42 (EPA 2004), Section 13.2.2 "Unpaved Roads", Background Document. 

5

6

7

8

"Control of Fugitive Dust Sources" EPA-450/3-98-008 (EPA 1998).  TSP (lb/acre/month) = 1.7 × (s/1.5) × ([365-p]/235) × (f/15), where:
p = number of days with > 0.001 in precipitation (not used)
f = percent of time wind speed exceeds 5.4 (m/s) [equivalent to 12 mph] = 27.4% based on WRCC Ernie Gulch RAWS stations August 1, 1984 through March 1, 2008.

AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", Background Document. Assuming that PM10 accounts for 25% of TSP. Daily and hourly emissions based on 30.4-day month.
Assuming that PM2.5 accounts for 10% of PM10 based on "Analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).

Wind Erosion at Producing Well Pads

Total disturbance area per well pad is estimated to be 7.25 acres for the well pad, 1.0 acre for a portion of compressor station and central treating facility (CTF), 1.75 acres for resource road and portion of local road 
area, and 2 acres for a portion of pipeline disturbance.

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission Summary" Worksheet 
for each Alternative.

Interim reclamation is expected to be complete within two years.  Emissions for two years are calculated and attributed to each constructed well pad for one year, since emissions from pads constructed during the 
previous year would be occurring simultaneously.

Silt content was confirmed by VFO personnel (September 4, 2009).
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VFO Alternative: RFD
Phase: Both

Activity: Gas Analysis
Date: 9/3/2010

Gas Component
Volumetric 

Concentration1 
Molecular 

Weight Gas Weight 
Weight 
Percent Weight2

Carbon 
Content for 

TOC

Contribu-
tion to TOC 

Carbon 
Content

(vol%) (lb/lb-mol) (lb/lb-mol) (wt%) (lb/MMscf) (lb C/lb) (lb C/lb TOC)

Methane 83.512 16.040 13.395 67.079 28,481.7 0.749 50.226
Ethane 9.141 30.070 2.749 13.765 5,844.4 0.799 10.995
Nitrogen 0.440 28.020 0.123 0.617 262.0 --- ---
Carbon Dioxide 0.206 43.990 0.091 0.455 193.1 --- ---
Nitrous Oxide 0.000 44.020 0.000 0.000 0.0 --- ---
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.0 --- ---
Non-reactive, non-HAP 93.299 --- 16.358 81.915 34,781.1 --- 61.221
Propane 3.996 44.100 1.762 8.824 3,746.5 0.817 7.209
Iso-butane 0.577 58.120 0.336 1.680 713.5 0.827 1.389
n-butane 1.074 58.120 0.624 3.125 1,326.8 0.827 2.583
i-pentane 0.283 72.150 0.204 1.023 434.5 0.832 0.852
n-pentane 0.335 72.150 0.242 1.211 514.1 0.499 0.605
Hexanes 0.176 100.210 0.177 0.884 375.5 0.719 0.636
Heptanes 0.112 100.200 0.112 0.563 239.1 0.839 0.473
Octanes 0.053 114.230 0.061 0.304 129.0 0.841 0.256
Nonanes 0.019 128.258 0.025 0.124 52.7 0.843 0.105
Decanes+ 0.006 142.29 0.009 0.043 18.3 0.844 0.036
Reactive VOC 6.632 --- 3.551 17.781 7,549.8 14.142
Benzene 0.033 78.110 0.025 0.127 54.1 0.923 0.118
Ethylbenzene 0.000 106.160 0.000 0.000 0.0 0.905 0.000
n-Hexane 3 0.176 100.210 0.177 0.884 375.5 --- ---
Toluene 0.023 92.130 0.021 0.106 44.9 0.913 0.097
Xylenes 0.013 106.160 0.014 0.071 30.0 0.905 0.064
HAPs 0.245 --- 0.237 1.188 504.5 0.278

Totals 100.000 --- 19.970 100.000 42,460.0 --- 75.640 4

1

2

3

4

Based on gas analysis dated August 24, 2009 supplied by VFO personnel.  C6+ speciation based on C6+ speciation from WRFO.

n-Hexane is a VOC and a HAP.  To be conservative, all non-speciated hexanes are assumed to be HAPs.
The carbon contribution to hydrocarbons in the gas mixture is used to calculate CO2 emissions from the model gas plant thermal oxidizer and flare.

Gas density is 0.04246 lb/scf (19.26 g/scf).

Natural Gas Extended Gas Analysis
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VFO Alternative: RFD
Phase: Production

Activity: Production Traffic
Emissions: Fugitive Particulate From Production 

Traffic on Unpaved Roads
Date: 9/3/2010

Vehicle Type Road Type
Dust Control 

Method

Average 
Vehicle 
Weight

Average 
Vehicle 
Speed

Silt 
Content1

Round 
Trips (RTs) 

RT 
Distance

Vehicle 
Miles 

Traveled 
(VMT)

Ratio of 
Months 

with Frozen 
or Muddy 

Roads

Emission 
Control 

Efficiency3

PM10 

Emission 
Factor4

PM2.5 

Emission 
Factor5

PM10 

Emissions6 

(uncontrolled)
PM2.5 Emissions5 

(uncontrolled)
(lb) (mph) (%) (RT/pad) (miles) (VMT/pad) (unitless) (%) (lb/VMT) (lb/VMT) (lb/well pad) (lb/well pad)

Water truck (130 bbl) Local water/chemical 85,000 25 20 52 10 520 0.333 0 5.22 0.52 2714.80 271.48
(process water) Resource water 85,000 25 20 52 0.8 41.6 0.333 0 5.22 0.52 217.18 21.72

Condensate tanker (200 bbl) Local water/chemical 75,000 25 20 12 10 120 0.333 0 4.93 0.49 592.18 59.22
Resource water 75,000 25 20 12 0.8 9.6 0.333 0 4.93 0.49 47.37 4.74

Light duty vehicles Local water/chemical 3,000 35 20 173 0.66 114.18 0.333 0 1.16 0.12 132.37 13.24
Resource water 3,000 35 20 173 0.8 138.4 0.333 0 1.16 0.12 160.45 16.04

 Total Unpaved Road Traffic Emissions (lb/well pad) 3,864.36 386.44

1

2

3

4

5

6

7

Vehicle Road Dust Associated With Producing Well Pads

Silt content was determined by soil testing of samples collected by WRFO personnel (April 2008).

Calculated as lb/VMT x VMT/pad x control efficiency.

Calculated as Round Trips per Vehicle Type x Round Trip Distance.

All trips are made to the consolidated facilities, which assumes that distance traveled on well pad roads (resource roads) is 0.

Emissions are calculated for each Alternative using this template and applying emission control factors from the "Alternative Description" Worksheet in calculations on the "Year 2028 Emission 
Summary" Worksheet for each Alternative.
AP-42 (EPA 2006), Section 13.2.2 "Unpaved Roads", equation 1a.
Assuming that PM2.5 accounts for 10% of PM10 based on analysis of the Fine Fraction of PM in Fugitive Dust," Midwest Research Institute (MRI) Report 110397 (2005).
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VFO Alternative: RFD
Phase: Production

Activity: Production Vehicle Traffic Exhaust
Emissions: Vehicle Exhaust Emissions

Date:

Heavy Equipment Pollutant Emission Factor
Round Trips 

(RTs) 
RT 

Distance

Vehicle 
Miles 

Traveled 
(VMT)

(RT/pad) (miles) (mi)
CO1 NOx

1 SO2
2 VOC1 PM10

1 CO2
5 CH4

6 N2O
11 Form.7 Benzene7 Toluene7 Xylene7 CO NOx SO2

8 VOC PM10 CO2 CH4 N2O Form. Benzene Toluene Xylene

Water truck (130 bbl, process) 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 52 10.8 561.6 7.48 17.55 0.02 1.32 0.59 2104.76 0.10 0.05 0.01 0.01 0.00 0.00

Condensate tanker (200 bbl) 6.04 14.178 0.0136 1.066 0.4805 1700 0.081 0.0388 0.0107 0.0085 0.00371 0.0026 12 10.8 129.6 1.73 4.05 0.00 0.30 0.14 485.71 0.02 0.01 0.00 0.00 0.00 0.00

Light duty diesel truck 9 3.2965 1.786 0.0052 1.612 0.2843 230 0.019 0.0459 0.0622 0.03224 0.00371 0.0026 173 1.46 252.58 1.84 0.99 0.00 0.90 0.16 128.07 0.01 0.03 0.03 0.02 0.00 0.00

Light duty gasoline truck 10 45.965 2.0108 0.0044 2.967 0.0302 330 0.119 0.0492 0.0448 0.0798 0.00371 0.0026 173 1.46 252.58 25.59 1.12 0.00 1.65 0.02 183.76 0.07 0.03 0.02 0.04 0.00 0.00

Total Heavy Equipment Exhaust Emissions (lb/well pad) 36.63 23.72 0.03 4.17 0.91 2902.30 0.20 0.11 0.08 0.08 0.01 0.01

1

2

5

6

7

8

9

10

11

12

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different 

AP-42 (EPA 1996), Section 3.3, "Gasoline and Diesel Industrial Engines. Table 3.3-2, "Speciated Organic Compound Emission Factors for Uncontrolled Diesel Engines"; lb/hp-hr = pounds per horsepower-hour.

Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-9 for N2O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source Combustion Factors, Table 4-10, Default Fuel Economy Factors for Different Types of Mobile Sources, American Petroleum 
Institute (2004).

All trips are made to the consolidated facilities, which assumes that distance traveled on well pad roads (resource roads) is 0.

Light duty diesel truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average winter/summer 
concentrations.
Light duty gasoline truck benzene and formaldehyde emissions are based on "Technical Description of the Toxics Module for MOBILE6.2 and Guidance on Its Use for Emission Inventory Preparation" (EPQ420-R-02-029) Table 2.3 and 30-ppm sulfur fuel specifications for Denver, CO, with average winter/summer 
concentrations.

Assumes ultra low sulfur diesel fuel (15 ppm), adjusted from 500-ppm low sulfur diesel fuel.

Emission factors reflect the Uintah County, Utah, season average, local road MOBILE6 emission factors used for 2006 base case photochemical modeling.

AP-42 (EPA 1985), Volume II Mobile Sources "Heavy Duty Diesel Engine Powered Trucks" high altitude, "aged" with 50,000 miles service, 1997+ model year.  The SO 2 emission factor is updated to reflect ultra-low sulfur fuel (15 ppm). 
Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-11, CO2 Mobile Source Emission Factors, American Petroleum Institute, Feb 2004.

(g/mi) (lb/well pad)
Pollutant Emissions

9/3/2010

Vehicle Exhaust Associated With Producing Well Pads
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VFO Alternative: RFD
Phase: Production

Activity: Well Pad Heating
Emissions: Combustion Emissions from 

Natural Gas Fired Heater
Date: 9/3/2010

Fuel Combustion Source:
Heater Fuel Input1 1.0 MMBtu/hr

Operating Parameters:
Operated 24 hr/day, 7 days/week
Operating hours 2,628 hr/yr
Capacity (%) 100 (while operating)
Seasonal Usage (%)   Winter 20   Spring 5

Summer 0   Fall 5

Potential Fuel Combustion for the Year for Unit:
Volume of Natural Gas Combusted 2.50 MMscf/yr
Heat Content 1050 Btu/scf

(lb/MMscf) (lb/well pad) (lb/well)
CO 84.0 210.24 3.5 60.07
NOx 100.0 250.29 3.5 71.51
PM10 7.6 19.02 3.5 5.43
PM2.5 7.6 19.02 3.5 5.43
SO2 --- --- 3.5 ---
VOC 5.5 13.77 3.5 3.93
CO2 120,000.0 300342.86 3.5 85812.24
CH4 2.3 5.76 3.5 1.64
N2O

2 2.2 5.51 3.5 1.57
Formaldehyde 0.0750 0.19 3.5 0.05
Benzene 0.0021 0.01 3.5 0.00
Ethylbenzene --- --- 3.5 ---
Toluene 0.0034 0.01 3.5 0.00
Xylene --- --- 3.5 ---

1

2
Assumes four 0.25-MMBtu natural gas fired heaters per well pad.

EPA AP-42, Volume I, Fifth Edition - August 2000, Tables 1.4-1, 1.4-2, and 1.4-3, Uncontrolled Emission Factors for Natural 
Gas Combustion.

Emission Factor2 Emissions Wells per Pad Emissions per Well

Well Pad Heaters
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VFO Alternative: RFD
Phase: Production

Activity: Well Pad Heating
Emissions: Combustion Emissions from 

Natural Gas Fired Heater
Date: 9/3/2010

Fuel Combustion Source:
Heater Fuel Input1 0.1 MMBtu/hr

Operating Parameters:
Operated 24 hr/day, 7 days/week
Operating hours 8,760 hr/yr
Capacity (%) 100 (while operating)
Seasonal Usage (%)   Winter 25   Spring 25

Summer 25   Fall 25

Potential Fuel Combustion for the Year for Unit:
Volume of Natural Gas Combusted 1.04 MMscf/yr
Heat Content 1050 Btu/scf

(lb/MMscf) (lb/well pad) (lb/well)
CO 84.0 87.60 1.5 58.40
NOx 100.0 104.29 1.5 69.52
PM10 7.6 7.93 1.5 5.28
PM2.5 7.6 7.93 1.5 5.28
SO2 --- --- 1.5 ---
VOC 5.5 5.74 1.5 3.82
CO2 120,000.0 125142.86 1.5 83428.57
CH4 2.3 2.40 1.5 1.60
N2O

2 2.2 2.29 1.5 1.53
Formaldehyde 0.0750 0.08 1.5 0.05
Benzene 0.0021 0.00 1.5 0.00
Ethylbenzene --- --- 1.5 ---
Toluene 0.0034 0.00 1.5 0.00
Xylene --- --- 1.5 ---

1

2
Assumes four 0.25-MMBtu natural gas fired heaters per well pad.

EPA AP-42, Volume I, Fifth Edition - August 2000, Tables 1.4-1, 1.4-2, and 1.4-3, Uncontrolled Emission Factors for Natural 
Gas Combustion.

Emission Factor2 Emissions Wells per Pad Emissions per Well

Well Pad Heaters
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VFO Alternative: RFD
Phase: Production

Activity: Field Glycol Dehydrator
Emissions: Emissions From Ethylene Glycol Dehydrator

Date: 9/3/2010

Ethylene Glycol Dehydrator
Throughput at Example Facility 70.00 MMscfd

50.00%
Average Gas Production Per Well 0.900 MMscfd
Number of Wells Served 155.56

Flash Tank and Condenser Parameters:
Operating Parameters: Flash Tank Temperature 140 ° F
Operating Hours 8760 hr/yr Flash Tank Pressure 70 psig
Vent Control Efficiency (%) 90 (Alternatives B, C, and D) Condenser Temperature 90 ° F
Wet Gas Temperature 85 ° F Condenser Pressure 10 psig
Wet Gas Pressure 900 psig
Wet Gas Water Content Saturated Reboiler Fuel Combustion:
Dry Gas Water Content 5 lb water/MMscf Reboiler Fuel Input 1.00 MMBtu/hr
Glycol Type DEG Volume of Natural Gas Combusted 8.34 MMscf/yr
Glycol Circulation Rate 15.0 gal/minute Heat Content 1050 Btu/scf

Uncontrolled 
Emissions2

Uncontrolled 
Emissions

Controlled 
Emissions

Uncontrolled 
Emissions

Controlled 
Emissions

(ton/yr) (lb/yr) (lb/yr) (lb/well/yr) (lb/well/yr) (lb/MMscf) (lb/yr) (lb/well/yr)
VOC 64.1267 128,253.40 12,825.34 824.49 82.45 CO 84.0 700.80 4.505
Benzene 11.6838 23,367.60 2,336.76 150.22 15.02 NOx 100.0 834.29 5.363
Toluene 6.9168 13,833.60 1,383.36 88.93 8.89 PM10 7.6 63.41 0.408
Ethylbenzene 0.0000 0.00 0.00 0.00 0.00 PM2.5 7.6 63.41 0.408
Xylene 2.1314 4,262.80 426.28 27.40 2.74 SO2 --- --- ---
Hexane 5.9587 11,917.40 1,191.74 76.61 7.66 VOC 5.5 45.89 0.295
CO2 0.7001 1,400.17 140.02 9.00 0.90 CO2 120,000.0 1,001,142.86 6,435.918
CH4 103.2862 206,572.40 20,657.24 1,327.97 132.80 CH4 2.3 19.19 0.123
N2O 0.0000 0.00 0.00 0.00 0.00 N2O

2 2.2 18.35 0.118
Formaldehyde 0.0750 0.63 0.004
Benzene 0.0021 0.02 0.000
Ethylbenzene --- --- ---
Toluene 0.0034 0.03 0.000
Xylene --- --- ---

1

2

In-field glycol dehydration may occur at consolidated facilities or well pads.  To avoid double-counting, field glycol dehydration is assumed to occur at well pads.  Gas dehydration at gas plants is 
included in the model gas plant calculations.

Field Dehydration 1

Emissions obtained from GRI GlyCalc 4.0 based on parameters provided by oil and gas operator.  Emissions include combined regenerator vent and flash gas emissions.

Uncontrolled 
Emissions per 

Well
Emission 

Factor

Percentage of Gas Needing Dehydration Before Gas Plant

Reboiler 
Emissions

Glycol Dehydrator Vent  and 
Flash Gas Emissions

Uncontrolled 
Emissions
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Phase: Production
Activity: Field Gas Compression

Emissions: Natural Gas Fired Compressor Engine Emissions
Date: 9/3/2010

Operating Parameters:

Throughput Capacity at Compressor Station 200 MMscfd
Number of Wells Served 222 Assuming that all of producing gas wells need compression
Operating hours 8,760
Capacity (%) 100
Annual Load (%)   Winter 25   Spring 25

Summer 25   Fall 25

Engine design (hp) 19,444

Potential Fuel Combustion for the Year for Unit:
Example Plant Volume of Natural Gas Combusted 1119.82 MMscf
Assumes gas consumed at rate of 6903 Btu/hp-hr
Heat Content 1050 Btu/scf
Example Plant Heat Input 1,175,811 MMBtu/yr

Emission Data:

(g/hp-hr) (g/hp-hr) (lb) (lb) (lb/well) (lb/well)
CO 4.0 2.0 NSPS Subpart JJJJ 1,502,058 751,029 222 6,759.26 3,379.63
NOx 2.0 1.0 NSPS Subpart JJJJ 751,029 375,514 222 3,379.63 1,689.81
PM10 --- --- --- --- --- 222 --- ---
PM2.5 --- --- --- --- --- 222 --- ---
SO2 --- --- --- --- --- 222 --- ---
VOC 1.0 0.7 NSPS Subpart JJJJ 375,514 262,860 222 1,689.81 1,182.87

(lb/MMBtu) (lb/MMBtu)
CO2 110.000 110.000 AP-422 129,339,210 129,339,210 222 582,026.45 582,026.45
CH4 1.250 1.250 AP-422 1,469,764 1,469,764 222 6,613.94 6,613.94
N2O

4 0.001 0.001 IPCC4 1,085 1,085 222 4.88 4.88
Formaldehyde 0.052800 0.052800 AP-422 62,083 62,083 222 279.37 279.37
Benzene 0.000440 0.000440 AP-422 517 517 222 2.33 2.33
Ethylbenzene 0.000040 0.000040 AP-422 47 47 222 0.21 0.21
Toluene 0.000408 0.000408 AP-422 480 480 222 2.16 2.16
Xylene 0.000184 0.000184 AP-422 216 216 222 0.97 0.97
n-Hexane 0.001110 0.001110 AP-422 1,305 1,305 222 5.87 5.87

1

2

3

4

EPA AP-42, Volume I, Fifth Edition - August 2000, Table 3.2-2, Uncontrolled Emission Factors for 4-Stroke Lean-Burn Engines, converted to lb/MMBtu.

Based on individual well production estimates, this compressor station is estimated to have enough capacity to serve 605 wells.

IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, Chapter 2 Energy, Table 2.2, Default Emission Factors for Stationary Combustion in the Energy Industries, 
default factors for N2O (IPCC) 2000.

Field Compressor Stations

2007 Emissions 2010  Emissions

Based on the Williams Webster Hill Compressor Station.  Five natural gas-fired 3,500-hp lean-burn compressor engines (17,500 hp total) are designed to transport 180 MMscf/day to a central gas treatment facility.  
["Construction Permit Application for Webs

Compressor Station Total
Number of 

Wells 
Served3

2007 Emission 
Factor2

2010 
Emission 
Factor2 Reference 2007 Emissions

2010  
Emissions

Emissions Per Well
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VFO Alternative: RFD
Phase: Production

Activity: Gas Processing
Emissions: Gas Processing and Recompression

Date: 9/3/2010

Example Gas Processing Plant
Example Gas Plant Throughput1 200 MMscf/day Operating Parameters:
Needed Throughput 1,939 MMscf/day Operating hours 8,760
Scaling Factor 9.69 Capacity (%) 100

Capacity Number of 
CO NOx SO2 PM10 PM2.5 VOC Scaling Wells CO NOx SO2 PM10 PM2.5 VOC

Emission Source (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) Factor (lb/well) (lb/well) (lb/well) (lb/well) (lb/well) (lb/well)
Sources Directed to Thermal Oxidizer2 8.836 3.630 0.000 0.753 0.753 0.616 9.693 2,154 348.30 143.10 0.00 29.70 29.70 24.30
Sources Directed to Flare3 1.895 0.342 0.000 0.000 0.000 0.776 9.693 2,154 74.70 13.50 0.00 0.00 0.00 30.60
Medium Fired Heater 3.151 3.744 0.000 0.297 0.297 0.205 9.693 2,154 124.20 147.60 0.00 11.70 11.70 8.10
Compressor Seal Gas4 0.000 0.000 0.000 0.000 0.000 1.187 9.693 2,154 0.00 0.00 0.00 0.00 0.00 46.80
Fugitive Emissions 1.142 0.205 0.000 0.000 0.000 26.119 9.693 2,154 45.00 8.10 0.00 0.00 0.00 1,029.60
Emergency Generator5 0.502 2.215 0.046 0.068 0.068 0.068 9.693 2,154 19.80 87.30 1.80 2.70 2.70 2.70
Amine Drain Sump 0.000 0.000 0.000 0.000 0.000 0.002 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.00
Treated Water Tank 0.000 0.000 0.000 0.000 0.000 0.030 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.00
Evaporation Pond6 0.000 0.000 0.000 0.000 0.000 2.648 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.00
Produced Liquids and Storage Tanks7 0.000 0.000 0.000 0.000 0.000 1.826 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.00

Total 15.53 10.14 0.05 1.12 1.12 33.48 Total 612.00 399.60 1.80 44.10 44.10 1,142.10

Capacity Number of 
Benzene Toluene Ethylbenzene Xylene Formaldehyde Hexane Scaling Wells Benzene Toluene Ethylbenzene Xylene Form. Hexane

Emission Source (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) (lb/hr) Factor (lb/well) (lb/well) (lb/well) (lb/well) (lb/well) (lb/well)
Sources Directed to Thermal Oxidizer2 0.036 0.022 0.000 0.004 0.000 0.006 9.693 2,154 1.41 0.88 0.00 0.14 0.00 0.25
Sources Directed to Flare3 0.002 0.001 0.000 0.000 0.000 0.007 9.693 2,154 0.09 0.05 0.00 0.00 0.00 0.28
Medium Fired Heater 0.000 0.000 0.000 0.000 0.003 0.067 9.693 2,154 0.00 0.01 0.00 0.00 0.11 2.66
Compressor Seal Gas4 0.003 0.002 0.000 0.000 0.000 0.011 9.693 2,154 0.14 0.08 0.00 0.01 0.00 0.42
Fugitive Emissions 0.232 0.326 0.004 0.194 0.000 0.640 9.693 2,154 9.16 12.84 0.15 7.64 0.00 25.24
Emergency Generator5 0.000 0.000 0.000 0.000 0.000 0.000 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.00
Amine Drain Sump 0.000 0.000 0.000 0.000 0.000 0.000 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.00
Treated Water Tank 0.000 0.000 0.000 0.000 0.000 0.000 9.693 2,154 0.00 0.00 0.00 0.00 0.00 0.01
Evaporation Pond6 0.470 0.817 0.016 0.365 0.000 0.016 9.693 2,154 18.54 32.22 0.63 14.40 0.00 0.63
Produced Liquids and Storage Tanks7 0.064 0.101 0.002 0.048 0.000 0.057 9.693 2,154 2.54 3.99 0.09 1.89 0.00 2.25

Total 0.81 1.27 0.02 0.61 0.00 0.81 Total 31.88 50.08 0.87 24.09 0.11 31.74

Capacity Number of 
Scaling CO2 CH4 N2O

9 CO2 CH4 N2O Scaling Wells CO2 CH4 N2O
Emission Source Pollutant (unitless) (unitless) (unitless) (lb/hr) (lb/hr) (lb/hr) Factor (lb/well) (lb/well) (lb/well)
Sources Directed to Thermal Oxidizer8 --- --- --- --- 943.278 0 0 9.693 2,154 37,184.02 0.62 0.00
Sources Directed to Flare8 --- --- --- --- 234.774 0.020 0.002 9.693 2,154 9,254.78 0.78 0.07
Medium Fired Heater (38.2 MMBtu/hr)9 --- --- --- --- 4461.877 0.076 0.008 9.693 2,154 175,887.19 2.99 0.33
Compressor Seal Gas10 VOC 0.000 3.772 0.000 0.000 4.479 0.000 9.693 2,154 0.00 176.55 0.00
Fugitive Emissions 10 VOC 0.000 3.772 0.000 0.000 98.533 0.000 9.693 2,154 0.00 3,884.15 0.00
Emergency Generator (35.4 MMBtu/hr, 200 hr/yr) 9 --- --- --- --- 5703.379 0.234 0.047 9.693 2,154 5,133.04 0.21 0.04
Amine Drain Sump 10 VOC 0.000 3.772 0.000 0.000 0.009 0.000 9.693 2,154 0.00 0.34 0.00
Treated Water Tank 10 VOC 0.000 0.007 0.000 0.000 0.000 0.000 9.693 2,154 0.00 0.01 0.00
Evaporation Pond 10 VOC 0.000 0.007 0.000 0.000 0.019 0.000 9.693 2,154 0.00 0.74 0.00
Produced Liquids and Storage Tanks10 VOC 0.000 0.007 0.000 0.000 0.013 0.000 9.693 2,154 0.00 0.51 0.00

Total 11,343.31 103.40 0.06 Total 227,459.02 4,066.91 0.44

1

2

3

4

5

6

7

8

9

10

Gas Processing and Recompression

Gas processing and recompression emissions are based on the Enterprise Piceance Development Project -- Central Treating Facility (CTF), which was initially permitted by ExxonMobil Corp.  Emissions for this "model plant" facility were obtained from the preconstruction permit application 
submitted by ExxonMobil Production on March 16, 2006.  This CTF is designed to process up to 200 MMScf/day of plant feed gas to produce pipeline quality sales gas.  The Valley Sludge Catcher is a series of condensate and process water tanks that moderate flow of condensate and 
process water as they proceed to the CTF. The Black Sulfur Tank Battery consists of a seperator tank for segregating the condensate and process water gathered from wells.  Seperator and Tanks emissions associated with these facilities are vented to the same flare; these with Truck 
Loadout operations emissions are included in the Fugitive Emissions line.

The thermal oxidizer controls emissions from Amine Vent Gas, Glycol Vent Gas and Thermal Oxidizer Purge Gases.  The thermal oxidizer achieves 99 percent VOC/HAP control efficiency.

GHG emissions from the medium fired heater and the emergency generator are based on heat input and emission factors in proposed 40 CFR Part 98, Tables C-1 and C-2.

Thermal oxidizer and flare GHG emissions are estimated using methods included in the "API Compendium of GHG Emission Estimation Methodologies for the Oil and Gas Industry," Sections 4.7 and 4.6, respectively.  See the next page for detailed calculations.

Example Plant EmissionsVOC Pollutant Scaling Factor Emissions Per Well

The Flare controls emissions from Pilot and Purge Gases.

Seal gas from the inlet/booster compressor.  This is an electric compressor; no combustion emissions are generated.

GHG emissions from these sources are scaled based on VOC content and natural gas composition.

Example Plant Emissions Gas Processing Emissions Per Well

Example Plant Emissions Gas Processing Emissions Per Well

The emergency generator is a rated 3.0 MW diesel fired engine, with heat input of 35.4 MMBtu/hr up to 200 hr/yr.  Emission calculation based on AP-42 emission factor (Table 3.4-1 and 3.4-2), assuming uncontrolled NOx, and sulfur content of fule is 500 ppm.  GHG emission factors are 
from proposed 40 CFR Part 98, Subpart C, Tables C-1 and C-2.

Control effeciency for fugitive emissions from the evaporation pond is an average of 90%.  The controlled emission rate shown here includes emissions resulting from times when the Produced Water Stripper Compressor is shutdown, which is 5% of the time.
All storage tanks at the facility which consists of Produced Liquids Skim Tanks (2), Produced Liquids Surge Tank, and Condensate Storage Tanks (2).  Emissions calculations are based on the assumption that the Produced Liquids Skim Tanks and the Produced Liquids Surge Tank will 
vent 1% of the time, and the Condensate Storage Tanks will vent 5% of the time.
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VFO Alternative: RFD
Phase: Production

Activity: GHG Emissions From Gas Processing
Emissions: Gas Processing and Recompression

Date: 9/3/2010

Example Gas Processing Plant
Example Gas Plant Throughput1 200 MMscf/day Operating Parameters:
Needed Throughput 1,939 MMscf/day Operating hours 8,760 Gas Heating Value 1050 Btu/scf
Scaling Factor 9.69 Capacity (%) 100 Gas Molecular Weight 19.88 lb/lb-mol

Controlled 
VOC 

Emissions TOC/VOC

Controlled 
TOC 

Emissions

Control Device 
Control 

Efficiency 3
Uncontrolled 

TOC Emissions
Carbon Content 
of Flared Gas MW CO2/MW C

CO2 

Formation 
Efficiency CO2 Emissions

(lb/hr) (unitless) (lb/hr) (%) (lb/hr) (lb C/lb) (unitless) (%) (lb/hr)
Thermal Oxidizer 1 0.616 5.564 3.430 99.000 342.967 0.756 3.667 99 941.70
Flare 2 0.776 5.564 4.319 95.000 86.377 0.756 3.667 98 234.77

CO2/TOC

Uncontrolled 
TOC 

Emissions
CO2 

Emissions
(unitless) (lb/hr) (lb/hr)

Thermal Oxidizer 1 0.005 342.967 1.576
Flare 2 0.005 86.377 0.397

CH4/TOC

Uncontrolled 
TOC 

Emissions

Uncontrolled 
CH4 

Emissions

Control Device 
Control 

Efficiency 3
Controlled CH4 

Emissions
(unitless) (lb/hr) (lb/hr) (%) (lb/hr)

Thermal Oxidizer 1 0.005 342.967 1.576 99.000 0.016
Flare 2 0.005 86.377 0.397 95.000 0.020

Uncontrolled 
TOC 

Emissions Gas MW -1 Gas Density

Control Device 
Control 

Efficiency 3 Heating Value
N20 Emission 

Factor N2O Emissions
N2O 

Emissions

(lb/hr) (lb-mol/lb) (scf/lb-mol) (%) (Btu/scf)
(tonnes 

N2O/MMBtu) (tonnes/hr) (lb/hr)
Thermal Oxidizer 4

Flare 2 86.377 0.050 379.300 95.000 1050.000 9.50E-08 0.000 1.69E-03

1

2

3

4

Control efficiencies are given in the preconstruction permit application submitted by ExxonMobil Production on March 16, 2006 for the Enterprise Piceance Development Project -- Central Treating Facility 
(CTF).

The "API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry" does not include a methodology for estimating N2O emissions from thermal oxidizers.

CO2 Formed During Combustion

CO2 Entering as Part of Gas

CH4 Uncombusted

Thermal oxidizer emissions are calculated using procedures from Section 4.7 of the "API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry".
Flare emissions are calculated using procedures from Section 4.6 of the "API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry" (DATE??).

Flare and Incinerator Greenhouse Gas Emissions From Gas Processing and Recompression

N2O Combustion Byproduct
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VFO Alternative: RFD
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 60.680 6.070 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 581.943 58.194 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 34.929 9.903 0.122 3.188 3.188 3.234 0.013 0.006 --- 0.004 --- 0.017 2352.015 0.113 0.025
   Delivery/Commuter Vehicle Exhaust 7.616 7.238 0.007 0.282 0.282 0.983 0.015 0.003 --- 0.002 --- 0.017 922.449 0.053 0.029

Subtotal 42.55 17.14 0.13 646.09 67.73 4.22 0.03 0.01 0.00 0.01 0.00 0.03 3,274 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 2526.464 252.646 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 29.995 12.779 0.029 1.017 1.017 2.255 0.018 0.008 --- 0.006 --- 0.023 3596.599 0.171 0.082
   Drilling Traffic Road Dust --- --- --- 1010.026 101.003 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 9.705 51.972 0.005 0.627 0.627 5.695 0.129 0.011 --- 0.007 --- 0.141 1274.286 0.172 0.131
   Drill Rig Engines - Tier 4b (2015) 158.730 825.397 8.825 6.984 6.984 44.444 0.940 0.412 --- 0.288 --- 0.079 165600.000 7.963 1.788
   Frac Pump Engines - Tier4b 67.460 350.794 3.751 2.968 2.968 18.889 0.400 0.175 0.122 0.034 70380.000 3.384 0.760

Subtotal (with Tier 4B drill rigs) 265.89 1,240.94 12.61 3,548.09 365.25 71.28 1.49 0.61 0.00 0.42 0.00 0.28 240,850.88 11.69 2.76
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 1917.066 191.707 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 22.954 9.779 0.022 0.778 0.778 1.726 0.014 0.006 --- 0.004 --- 0.017 2752.381 0.131 0.063
   Completion Traffic Road Dust --- --- --- 566.459 56.646 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 6.555 6.786 0.007 0.246 0.246 0.904 0.014 0.002 -- 0.002 --- 0.016 795.238 0.047 0.027
   Completion Venting and Flaring 50.000 42.000 --- 3.800 3.800 3827.673 28.413 23.583 --- 15.733 --- --- 60096.526 14241.994 1.100

Subtotal 79.51 58.56 0.03 2,488.35 253.18 3,830.30 28.44 23.59 0.00 15.74 0.00 0.03 63,644.15 14,242.17 1.19
CONSTRUCTION SUBTOTAL1 387.95 1,316.65 12.77 6,682.53 686.16 3,905.80 29.96 24.21 0.00 16.17 0.00 0.34 307,769 14,254 4

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 316.511 31.651 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 552.051 55.205 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 6.777 10.467 0.007 0.259 0.259 1.193 0.022 0.003 --- 0.002 --- --- 829.230 0.057 0.032
   Pad Heaters 71.510 60.069 --- 5.435 5.435 3.933 0.002 0.002 --- --- --- 0.054 85812.245 1.645 1.573
   Well Workover & Recompletion (Venting, Flaring) 0.545 0.812 --- 0.040 0.040 37.800 0.285 0.236 0.000 0.157 1.971 0.001 679.625 142.424 0.012

Subtotal 78.83 71.35 0.01 874.30 92.59 42.93 0.31 0.24 0.00 0.16 1.97 0.05 87,321.10 144.13 1.62
Gas Processing
   Field Dehydrators 5.363 4.505 --- 0.408 0.408 824.781 150.220 88.930 --- 27.404 76.612 0.004 6444.919 1328.089 0.118
   Gas Processing 1244.507 2301.815 1.800 44.100 44.100 1911.195 33.044 51.159 0.974 24.574 34.677 139.797 738166.401 7382.890 4.685

Subtotal (with 2010 engines) 1,249.87 2,306.32 1.80 44.51 44.51 2,735.98 183.26 140.09 0.97 51.98 111.29 139.80 744,611.32 8,710.98 4.80
PRODUCTION SUBTOTAL 1,328.70 2,377.67 1.81 918.80 137.10 2,778.90 183.57 140.33 0.97 52.14 113.26 139.86 831,932 8,855 6

CONSTRUCTION AND PRODUCTION TOTAL 1,716.65 3,694.31 14.57 7,601.33 823.25 6,684.71 213.53 164.54 0.97 68.30 113.26 140.20 1,139,702 23,109 10

1

Emissions by Source Category

9/3/2010

Natural Gas Well Year 2028 Emission Summary (lb/well)
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Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.
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VFO Alternative: RFD
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 0.0303 0.0030 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 0.2910 0.0291 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 0.0175 0.0050 0.0001 0.0016 0.0016 0.0016 0.0000 0.0000 --- 0.0000 --- 0.0000 1.1760 0.0001 0.0000
   Delivery/Commuter Vehicle Exhaust 0.0038 0.0036 0.0000 0.0001 0.0001 0.0005 0.0000 0.0000 --- 0.0000 --- 0.0000 0.4612 0.0000 0.0000

Subtotal 0.0213 0.0086 0.0001 0.3230 0.0339 0.0021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.6372 0.0001 0.0000
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 1.2632 0.1263 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 0.0150 0.0064 0.0000 0.0005 0.0005 0.0011 0.0000 0.0000 --- 0.0000 --- 0.0000 1.7983 0.0001 0.0000
   Drilling Traffic Road Dust --- --- --- 0.5050 0.0505 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 0.0049 0.0260 0.0000 0.0003 0.0003 0.0028 0.0001 0.0000 --- 0.0000 --- 0.0001 0.6371 0.0001 0.0001
   Drill Rig Engines - Tier 4b (2015) 0.0794 0.4127 0.0044 0.0035 0.0035 0.0222 0.0005 0.0002 --- 0.0001 --- 0.0000 82.8000 0.0040 0.0009
   Frac Pump Engines - Tier4b 0.0337 0.1754 0.0019 0.0015 0.0015 0.0094 0.0002 0.0001 --- 0.0001 --- 0.0000 35.1900 0.0017 0.0004

Subtotal 0.1329 0.6205 0.0063 1.7740 0.1826 0.0356 0.0007 0.0003 0.0000 0.0002 0.0000 0.0001 120.4254 0.0058 0.0014
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 0.9585 0.0959 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 0.0115 0.0049 0.0000 0.0004 0.0004 0.0009 0.0000 0.0000 --- 0.0000 --- 0.0000 1.3762 0.0001 0.0000
   Completion Traffic Road Dust --- --- --- 0.2832 0.0283 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 0.0033 0.0034 0.0000 0.0001 0.0001 0.0005 0.0000 0.0000 --- 0.0000 --- 0.0000 0.3976 0.0000 0.0000
   Completion Venting and Flaring 0.0250 0.0210 --- 0.0019 0.0019 1.9138 0.0142 0.0118 --- 0.0079 --- --- 30.0483 7.1210 0.0006

Subtotal 0.0398 0.0293 0.0000 1.2442 0.1266 1.9152 0.0142 0.0118 0.0000 0.0079 0.0000 0.0000 31.8221 7.1211 0.0006
CONSTRUCTION TOTAL1 0.1940 0.6583 0.0064 3.3413 0.3431 1.9529 0.0150 0.0121 0.0000 0.0081 0.0000 0.0002 153.8847 7.1270 0.0020

Well Pad Emissions
   Wind Erosion --- --- --- 0.1583 0.0158 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 0.2760 0.0276 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 0.0034 0.0052 0.0000 0.0001 0.0001 0.0006 0.0000 0.0000 --- 0.0000 --- --- 0.4146 0.0000 0.0000
   Pad Heaters 0.0358 0.0300 --- 0.0027 0.0027 0.0020 0.0000 0.0000 --- --- --- 0.0000 42.9061 0.0008 0.0008
   Well Workover & Recompletion (Venting, Flaring) 0.0003 0.0004 --- 0.0000 0.0000 0.0189 0.0001 0.0001 0.0000 0.0001 0.0010 0.0000 0.3398 0.0712 0.0000

Subtotal 0.0394 0.0357 0.0000 0.4371 0.0463 0.0215 0.0002 0.0001 0.0000 0.0001 0.0010 0.0000 43.6605 0.0721 0.0008
Centralized Compression and Processing
   Compressor Station Dehydrators 0.0027 0.0023 --- 0.0002 0.0002 0.4124 0.0751 0.0445 --- 0.0137 0.0383 0.0000 3.2225 0.6640 0.0001
   Gas Processing and Recompression 0.6223 1.1509 0.0009 0.0221 0.0221 0.9556 0.0165 0.0256 0.0005 0.0123 0.0173 0.0699 369.0832 3.6914 0.0023

Subtotal (with 2010 engines) 0.6249 1.1532 0.0009 0.0223 0.0223 1.3680 0.0916 0.0700 0.0005 0.0260 0.0556 0.0699 372.3057 4.3555 0.0024
PRODUCTION SUBTOTAL 0.6644 1.1888 0.0009 0.4594 0.0685 1.3895 0.0918 0.0702 0.0005 0.0261 0.0566 0.0699 415.9662 4.4276 0.0032

CONSTRUCTION AND PRODUCTION TOTAL 0.8583 1.8472 0.0073 3.8007 0.4116 3.3424 0.1068 0.0823 0.0005 0.0342 0.0566 0.0701 569.8510 11.5546 0.0052

1

Emissions by Source Category
(ton/well)

9/3/2010

Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.

Natural Gas Well Year 2028 Emission Summary (ton/well)
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VFO Alternative: RFD
Phase: Construction and Production

Activity: All
Emissions: Emissions From All Production and Construction Activities

Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 141.580 14.160 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 1357.866 135.787 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 81.502 23.108 0.284 7.438 7.438 7.545 0.031 0.014 --- 0.010 --- 0.039 5488.035 0.264 0.059
   Delivery/Commuter Vehicle Exhaust 17.771 16.888 0.016 0.659 0.659 2.295 0.035 0.006 --- 0.004 --- 0.039 2152.381 0.124 0.069

Subtotal 99.27 40.00 0.30 1,507.54 158.04 9.84 0.07 0.02 0.00 0.01 0.00 0.08 7,640 0 0
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 5895.082 589.508 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 69.987 29.817 0.067 2.372 2.372 5.262 0.042 0.018 --- 0.013 --- 0.053 3596.599 0.171 0.082
   Drilling Traffic Road Dust --- --- --- 1010.026 101.003 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 9.705 51.972 0.005 0.627 0.627 5.695 0.129 0.011 --- 0.007 --- 0.141 1274.286 0.172 0.131
   Drill Rig Engines - Tier 4b (2015) 158.730 825.397 8.825 6.984 6.984 44.444 0.940 0.412 --- 0.288 --- 0.079 165600.000 7.963 1.788
   Frac Pump Engines - Tier4b 67.460 350.794 3.751 2.968 2.968 18.889 0.400 0.175 0.122 0.034 70380.000 3.384 0.760

Subtotal (with Tier 4B drill rigs) 305.88 1,257.98 12.65 6,918.06 703.46 74.29 1.51 0.62 0.00 0.43 0.00 0.31 240,850.88 11.69 2.76
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 4473.153 447.315 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 53.559 22.818 0.051 1.815 1.815 4.027 0.032 0.014 --- 0.010 --- 0.040 6422.222 0.306 0.147
   Completion Traffic Road Dust --- --- --- 1321.737 132.174 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 15.296 15.833 0.016 0.575 0.575 2.109 0.033 0.006 -- 0.004 --- 0.037 1855.556 0.110 0.062

Subtotal 68.86 38.65 0.07 5,797.28 581.88 6.14 0.07 0.02 0.00 0.01 0.00 0.08 8,277.78 0.42 0.21
CONSTRUCTION SUBTOTAL1 474.01 1,336.63 13.02 14,222.88 1,443.39 90.27 1.64 0.65 0.00 0.46 0.00 0.46 256,769 12 3

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 738.525 73.852 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 1288.119 128.812 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 15.812 24.423 0.017 0.605 0.605 2.783 0.050 0.007 --- 0.005 --- --- 1934.869 0.134 0.075
   Pad Heaters 69.524 58.400 --- 5.284 5.284 3.824 0.001 0.002 --- --- --- 0.052 83428.571 1.599 1.530
   Pump Jack 2027.778 1520.833 3.042 202.778 202.778 506.944 0.057 0.025 --- 0.018 --- 0.072 10074.000 0.484 0.108

Subtotal 2,113.11 1,603.66 3.06 2,235.31 411.33 513.55 0.11 0.03 0.00 0.02 0.00 0.12 95,437.44 2.22 1.71
PRODUCTION SUBTOTAL 2,113.11 1,603.66 3.06 2,235.31 411.33 513.55 0.11 0.03 0.00 0.02 0.00 0.12 95,437 2 2

CONSTRUCTION AND PRODUCTION TOTAL 2,587.13 2,940.28 16.07 16,458.19 1,854.72 603.82 1.75 0.69 0.00 0.48 0.00 0.59 352,207 15 5

1

Oil Well Year 2028 Emission Summary (lb/well)
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Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad cons

Emissions by Source Category

9/3/2010
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VFO Alternative: RFD
Phase: Construction and Production

Activity: All

Emissions:
Date:

Source Type NOx CO SO2 PM10 PM2.5 VOCs Benzene Toluene Ethylbenzene Xylene Hexane Form. CO2 CH4 N2O
Well Pad and Resource Road Const.
   Land Disturbance --- --- --- 38.430 3.844 --- --- --- --- --- --- --- --- --- ---
   Construction Traffic Road Dust --- --- --- 368.564 36.856 --- --- --- --- --- --- --- --- --- ---
   Construction Equipment Exhaust 22.122 6.272 0.077 2.019 2.019 2.048 0.008 0.004 --- 0.003 --- 0.011 1489.610 0.072 0.016
   Delivery/Commuter Vehicle Exhaust 4.824 4.584 0.004 0.179 0.179 0.623 0.009 0.002 --- 0.001 --- 0.011 584.218 0.034 0.019

Subtotal 26.946 10.856 0.082 409.192 42.898 2.671 0.018 0.005 0.000 0.004 0.000 0.021 2073.827 0.105 0.035
Drill Rig Move and Drilling
   Drill Rig Transport Road Dust --- --- --- 1600.094 160.009 --- --- --- --- --- --- --- --- --- ---
   Drill Rig Transport Exhaust 18.997 8.093 0.018 0.644 0.644 1.428 0.011 0.005 --- 0.003 --- 0.014 1798.299 0.086 0.041
   Drilling Traffic Road Dust --- --- --- 505.013 50.501 --- --- --- --- --- --- --- --- --- ---
   Drilling Delivery/Commuter Vehicle Exhaust 4.853 25.986 0.002 0.314 0.314 2.848 0.065 0.005 --- 0.004 --- 0.070 637.143 0.086 0.065
   Drill Rig Engines - Tier 4b (2015) 79.365 412.698 4.413 3.492 3.492 22.222 0.470 0.206 --- 0.144 --- 0.040 82800.000 3.982 0.894
   Frac Pump Engines - Tier4b 33.7302 175.3968 1.8754 1.4841 1.4841 9.4444 0.1998 0.0875 --- 0.0612 --- 0.0169 35190.0000 1.6922 0.3799

Subtotal (with Tier 4B drill rigs) 136.944 622.17 6.31 2,111.04 216.44 35.94 0.75 0.30 0.00 0.21 0.00 0.14 120,425.44 5.85 1.38
Completion and Testing
   Completion Watering Truck Road Dust --- --- --- 1214.142 121.414 --- --- --- --- --- --- --- --- --- ---
   Completion Watering Truck Vehicle Exhaust 14.538 6.193 0.014 0.493 0.493 1.093 0.009 0.004 --- 0.003 --- 0.011 1743.175 0.083 0.040
   Completion Traffic Road Dust --- --- --- 358.757 35.876 --- --- --- --- --- --- --- --- --- ---
   Completion Delivery/Commuter Vehicle Exhaust 4.152 4.298 0.004 0.156 0.156 0.572 0.009 0.002 --- 0.001 --- 0.010 503.651 0.030 0.017
   Completion Venting and Flaring 20.000 16.800 --- 1.520 1.520 1531.069 11.365 9.433 --- 6.293 --- --- 24038.610 5696.797 0.440

Subtotal 38.69 27.29 0.02 1,575.07 159.46 1,532.73 11.38 9.44 0.00 6.30 0.00 0.02 26,285.44 5,696.91 0.50
CONSTRUCTION SUBTOTAL1 202.58 660.32 6.41 4,095.30 418.80 1,571.35 12.15 9.75 0.00 6.51 0.00 0.18 148,785 5,703 2

Well Pad and Consolidated Facility Emissions
   Wind Erosion --- --- --- 200.457 20.046 --- --- --- --- --- --- --- --- --- ---
   Production Traffic Road Dust --- --- --- 1918.102 191.810 --- --- --- --- --- --- --- --- --- ---
   Production Equipment Exhaust 23.545 36.367 0.026 0.901 0.901 4.144 0.075 0.010 --- 0.007 --- --- 2881.158 0.199 0.111
   Pad Heaters 148.452 124.700 --- 11.282 11.282 8.165 0.003 0.005 --- --- --- 0.111 178142.645 3.414 3.266
   Pump Jack 2083.542 1562.656 3.125 208.354 208.354 520.885 0.059 0.026 --- 0.018 --- 0.074 10351.035 0.498 0.111
   Well Workover & Recompletion (Venting, Flaring) 0.587 0.875 --- 0.043 0.043 40.711 0.306 0.254 0.000 0.170 2.123 0.001 731.956 153.390 0.013

Subtotal 2,256.13 1,724.60 3.15 2,339.14 432.44 573.90 0.44 0.29 0.00 0.19 2.12 0.19 192,106.79 157.50 3.50
Centralized Compression and Processing
   Compressor Station Dehydrators 5.776 4.852 --- 0.439 0.439 888.289 161.787 95.778 --- 29.514 82.511 0.004 6941.178 1430.352 0.127
   Gas Processing and Recompression 1340.334 2479.055 1.939 47.496 47.496 2058.357 35.588 55.098 1.049 26.466 37.347 150.561 795005.214 7951.372 5.046

Subtotal (with 2010 engines) 1,346.11 2,483.91 1.94 47.93 47.93 2,946.65 197.38 150.88 1.05 55.98 119.86 150.57 801,946.39 9,381.72 5.17
PRODUCTION SUBTOTAL 3,602.24 4,208.50 5.09 2,387.07 480.37 3,520.55 197.82 151.17 1.05 56.17 121.98 150.75 994,053.19 9,539.23 9

CONSTRUCTION AND PRODUCTION TOTAL 3,804.82 4,868.83 11.50 6,482.37 899.17 5,091.90 209.97 160.92 1.05 62.69 121.98 150.94 1,142,837.89 15,242.09 11

1
Construction emissions are based on a per well constructed/drilled basis.  Construction emissions occur only in the year that a well pad is constructed and associated wells are drilled.  All drilling is assumed to be completed in the year of well pad construction.

Oil and Natural Gas Year 2028 Emission Summary (tons/year)

9/3/2010

Emissions by Source Category
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Field Office: Little Snake
Date: 6/30/2008

Development Scenario (Based on Little Snake Alternative C) Data Source
Wells Developed Over 20 Years (Ending 2027) 1 2,243       Air Quality Impact Assessment Technical Support Document, LIttle Snake Resource

   Gas Wells 1,637       Management Plan, Moffat, Routt, and Rio Blanco Counties, Colorado, ENVIRON

   Oil Wells 606       International Corporation, June 2008.

1 Although a total of 3,031 wells are included in the RFD, 788 wells would be non-productive or would not be oil or gas wells.

Total RFD Emissions (from Table 2-8 of the AQTSD) for Year 2027. 2

Pollutant Total Emissions (tpy)

NOx 1,066

PM10 2,044

PM2.5 608

SO2 15
VOC 3 1,983
CO 4 1,684

Total 7,400

4 CO emissions were not quantified in the AQTSD.   To estimate CO emissions, the ratio (1.58) of CO to NOx emissions given in Table I-11 of the "Little Snake RMP Draft 
Environmental Impact Statement" (January 2007), was used to scale emissions based on the quantity of NOx emissions given above.

3 VOC emissions were not quantified in the AQTSD.   To estimate VOC emissions, the ratio (1.86) of VOC to NOx emissions given in Table I-11 of the "Little Snake RMP Draft 
Environmental Impact Statement" (January 2007), was used to scale emissions based on the quantity of NOx emissions given above.

RFD Emission Total
Little Snake Field Office

2 Per BLM (June 2008), emissions from 2027 are considered to be representative of 2028 emissions for the purpose of the WRFO air quality analysis.  Year 2027 emissions are the 
maximum projected emissions for the 20-year development time period analyzed for the AQTSD. 
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Field Office: Little Snake
Date:

Existing Wells Drilled Between 2000 and 2006 Data Source
   Total Wells1 174    Air Quality Impact Assessment Technical Support Document, LIttle Snake Resource

       Gas Well Fraction of Total Wells2 0.73       Management Plan, Moffat, Routt, and Rio Blanco Counties, Colorado, ENVIRON

       Number of Gas Wells 127       International Corporation, June 2008.

       Number of Oil Wells 47

NOTE: 

NOx PM10 PM2.5 SO2 VOC CO NOx PM10 PM10 SO2 VOC CO

Gas Wells
Traffic Emissions 1.8E-01 2.6E-01 2.0E-02 3.0E-03 3.3E-01 2.8E-01 2.3E+01 3.3E+01 2.5E+00 3.8E-01 4.3E+01 3.6E+01
Production Emissions 1.2E-04 1.5E-05 1.5E-05 3.0E-07 2.2E-04 1.9E-04 1.5E-02 1.9E-03 1.9E-03 3.8E-05 2.8E-02 2.4E-02

Total Gas Well Emissions 1.80E-01 2.60E-01 2.00E-02 3.00E-03 3.35E-01 2.85E-01 2.3E+01 3.3E+01 2.5E+00 3.8E-01 4.25E+01 3.61E+01

Oil Wells
Traffic Emissions 1.8E-01 2.6E-01 2.0E-02 3.0E-03 3.3E-01 2.8E-01 8.5E+00 1.2E+01 9.4E-01 1.4E-01 1.6E+01 1.3E+01
Production Emissions 1.3E-03 2.5E-02 2.5E-02 4.8E-04 2.4E-03 2.1E-03 6.1E-02 1.2E+00 1.2E+00 2.3E-02 1.1E-01 9.7E-02

Total Oil Well Emissions 1.8E-01 2.9E-01 4.5E-02 3.5E-03 3.4E-01 2.86E-01 8.5E+00 1.3E+01 2.1E+00 1.6E-01 1.59E+01 1.35E+01

1  Based on information obtained from the Colorado Oil and Gas Conservation Commission.
2  Based on the proportion of gas and oil wells projected for future development based on the AQTSD.
3  Taken from Tables 2-2 and 2-3 of the AQTSD.

6/30/2008

Little Snake Field Office
Existing (2000-2006) Well Production Emissions

Emissions for existing wells are assumed to be similar to emissions from producing RFD wells.

Emission Source
Per-Well Production Emissions (tpy)3 Total Emissions from Existing Wells (tpy)
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APPENDIX C 

Reasonably Foreseeable Future Action (RFFA)  
Cumulative Emissions Inventories 
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Height
Tempera-

ture Velocity
Dia-

meter
County (m) (K) (m/s) (m) Longitude Latitude

37 CO_RFFA_9 OLDCASTLE SW GROUP, INC. DBA B&B EXCAVAT 34 0.00 2.60 0.00 0.00 24.00 294.00 1.50 0.08 -106.85 39.65
77 CO_RFFA_12 ETC CANYON PIPELINE - PREMIER BAR X 125 53.90 0.00 0.00 20.00 5.00 533.00 14.00 0.61 -109.02 39.33
45 CO_RFFA_13 WILLIAMS PRODUCTION RMT - WASATCH YARD 91 1.50 0.00 0.00 0.00 7.00 730.00 27.80 0.41 -108.01 39.48
81 CO_RFFA_24 ST. MARY LAND & EXP - BLUE GRAVEL FACILI 108 6.60 0.00 0.00 6.80 3.00 700.00 14.70 0.20 -107.52 40.61
49 CO_RFFA_28 CLIMAX MOLYBDENUM AMAX HENDERSON MILL 6 0.00 7.81 0.00 0.00 27.00 299.00 14.20 1.46 -106.08 39.85
65 CO_RFFA_29 CLIMAX MINE / MILL 1 0.00 0.00 0.00 0.00 0.00 280.00 20.30 3.35 -106.18 39.37
103 CO_RFFA_34 COLORADO INTERSTATE GAS CO GREASEWOOD 55 88.89 0.00 0.00 16.43 7.00 722.00 25.60 0.30 -108.19 39.91
81 CO_RFFA_40 COLOWYO COAL CO 7 0.00 0.00 0.00 0.00 10.25 294.00 18.92 0.98 -107.81 40.27
107 CO_RFFA_43 CONNELL RESOURCES - CAMELLETTI PIT 34 0.00 5.83 0.00 0.00 6.67 294.00 8.66 0.88 -107.23 40.49
77 CO_RFFA_53 COORSTEK - GRAND JUNCTION OPERATIONS 24 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.60 39.08
77 CO_RFFA_54 GRAND JUNCTION PIPE & SUPPLY CO 64 0.00 8.96 0.00 0.00 6.67 298.00 8.66 0.88 -108.73 39.14
77 CO_RFFA_55 LAFARGE WEST, INC. - LATHAM BURKETT PIT 68 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.21 39.32
77 CO_RFFA_56 PARKERSON CONSTRUCTION INC 233 0.00 3.36 0.00 0.00 6.67 294.00 8.66 0.88 -108.08 39.19
103 CO_RFFA_57 LAFARGE WEST, INC. - BLAIR MESA MINE 116 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.36 40.17
81 CO_RFFA_60 CUSTOM ENERGY CONSTRUCTION INC BUCK PEAK 103 1.50 0.00 0.00 1.50 4.00 885.00 0.70 0.12 -107.50 40.49
29 CO_RFFA_61 BOWIE RESOURCES, LLC - BOWIE NO 2 MINE 49 0.00 0.00 0.00 0.00 10.25 294.00 18.92 0.98 -107.55 38.93
107 CO_RFFA_62 TWENTYMILE COAL CO.- FOIDEL CREEK 9 0.00 0.00 0.00 0.00 10.25 294.00 18.92 0.98 -107.08 40.35
29 CO_RFFA_64 DELTA COUNTY-PIG MESA 19 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.02 38.78
29 CO_RFFA_65 DELTA COUNTY ELLISON GRAVEL PIT 23 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.01 38.74
29 CO_RFFA_66 DELTA COUNTY TRIANTOS GRAVEL PIT 24 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.13 38.75
29 CO_RFFA_67 DELTA COUNTY LEMOINE GRAVEL PIT 25 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -107.69 38.82
29 CO_RFFA_68 OLDCASTLE SW GROUP DBA UNITED CO OF MESA 52 0.00 0.00 0.00 0.00 10.25 294.00 18.92 0.98 -108.06 38.75
77 CO_RFFA_87 GRAND JUNCTION CONCRETE PIPE / READY MIX 36 0.00 0.00 0.00 0.00 12.00 298.00 18.92 0.30 -108.52 39.11
77 CO_RFFA_88 GRAND JUNCTION STEEL 111 0.00 2.43 0.00 0.00 6.00 255.00 18.92 1.04 -108.56 39.06
45 CO_RFFA_89 MCCLANE CANYON MINE 17 0.00 0.00 0.00 0.00 10.25 294.00 18.92 0.98 -108.77 39.44
81 CO_RFFA_90 MERRION OIL & GAS - BLUE GRAVEL 125 24.40 0.00 0.00 26.10 3.00 255.00 49.70 0.91 -107.57 40.72
45 CO_RFFA_103 SOURCEGAS DBA ROCKY MTN- CRYSTAL RIVER 78 3.47 0.00 0.00 3.24 9.00 728.00 60.60 0.24 -107.27 39.39
45 CO_RFFA_104 SOURCEGAS DBA ROCKY MTN -DEBEQUE C S 108 0.00 0.00 0.00 14.01 7.00 541.00 37.50 0.25 -108.26 39.39
77 CO_RFFA_105 SOURCEGAS DBA ROCKY MT - COLLBRAN 110 16.92 0.00 0.00 0.00 7.00 1033.00 7.50 2.44 -107.97 39.25
77 CO_RFFA_114 BLACK HILLS MIDSTREAM - HORSESHOE CANYON 156 29.20 0.00 0.00 39.00 7.00 294.00 37.20 0.24 -108.21 39.28
51 CO_RFFA_129 MOUNTAIN COAL CO. LLC (WEST ELK MINE) 15 0.00 13.14 0.00 0.00 6.67 294.00 8.66 0.88 -107.45 38.92
51 CO_RFFA_138 OXBOW MINING INC 7 14.80 25.88 0.00 3.19 6.67 294.00 8.66 0.88 -107.47 38.93
103 CO_RFFA_149 PUBLIC SERVICE COMPANY INDIAN VALLEY STA 56 7.42 0.00 0.00 4.45 6.00 836.00 47.20 0.25 -108.23 40.10
81 CO_RFFA_153 QUESTAR PIPELINE COMPANY 49 19.40 0.00 0.00 4.80 9.00 743.00 37.20 0.52 -108.31 40.95
77 CO_RFFA_155 QUIKRETE GRAND JUNCTION 19 0.00 0.00 0.00 0.00 14.00 294.00 21.50 1.46 -108.59 39.08
45 CO_RFFA_157 LAFARGE WEST, INC. - POWERS PIT 101 0.00 3.00 0.00 0.00 7.40 294.00 11.78 0.77 -107.19 39.42
77 CO_RFFA_173 PLAINS EXPLORATION- BRUSH CREEK PROCESSI 263 22.40 0.00 0.00 1.70 9.00 728.00 19.20 0.45 -107.83 39.29
81 CO_RFFA_199 TRAPPER MINING INC 5 0.00 124.44 0.00 0.00 6.67 294.00 8.66 0.88 -107.59 40.43
81 CO_RFFA_201 TRI STATE GENERATION CRAIG 18 212.30 2.50 0.00 43.30 183.00 344.00 22.20 7.62 -107.59 40.46
77 CO_RFFA_203 OLDCASTLE SW GROUP DBA UNITED CO OF MESA 73 0.00 9.20 0.00 0.00 6.67 294.00 8.66 0.88 -108.45 39.03

COPM10 SO2

Emission Rates (tpy)

Model ID Facility Name

Table C-1
Colorado Cumulative Point Sources Included in Modeling
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Height
p

ture Velocity meter
County (m) (K) (m/s) (m) Longitude Latitude
77 CO_RFFA_204 OLDCASTLE SW GROUP DBA UNITED CO OF MESA 139 0.00 0.00 0.00 0.00 9.00 389.00 28.40 0.96 -108.63 39.10
45 CO_RFFA_212 BILL BARRETT CORP - MAMM CREEK CS 186 203.06 11.09 0.00 221.07 6.00 255.00 19.10 5.26 -107.71 39.49
77 CO_RFFA_215 COLORADO FUEL MANUFACTURERS, INC. 89 0.00 0.00 0.00 0.00 2.00 786.00 29.77 0.06 -108.62 39.12
77 CO_RFFA_216 WEST STAR AVIATION INC - WALKER FIELD 191 0.00 0.00 0.00 0.00 8.00 294.00 195.60 1.07 -108.54 39.13
103 CO_RFFA_220 BLUE MOUNTAIN ENERGY - DESERADO MINE 14 0.00 0.00 0.00 0.00 7.40 294.00 11.78 0.77 -108.72 40.19
37 CO_RFFA_225 LAFARGE WEST, INC. - EAGLE WEST PIT 55 0.00 5.09 0.00 0.00 6.67 294.00 8.66 0.88 -106.84 39.65
45 CO_RFFA_228 LAFARGE WEST, INC. - SIEVERS PIT 159 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -107.27 39.45
81 CO_RFFA_237 WEXPRO CO HIAWATHA OIL FIELD 55 2.70 0.00 0.00 2.70 4.00 672.00 36.20 0.15 -108.60 40.99
103 CO_RFFA_238 WHITE RIVER SAND & GRAVEL-MEEKER PIT 88 0.00 1.10 0.00 0.00 6.00 328.00 11.78 0.23 -107.88 40.04
45 CO_RFFA_240 ETC CANYON PIPELINE - RIFLE C.S. 77 46.60 0.00 0.00 47.10 6.00 769.00 136.70 0.27 -107.83 39.53
77 CO_RFFA_241 ETC CANYON PIPELINE - BAR X C.S. 37 57.20 0.00 0.00 27.70 5.00 811.00 24.60 0.15 -109.00 39.26
103 CO_RFFA_243 ETC CANYON PIPELINE-FOUNDATION CREEK 20 338.44 10.27 2.05 75.21 6.00 700.00 22.50 0.30 -108.79 39.67
77 CO_RFFA_247 TEA-LAR INC DBA BEST TOPS INC 282 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.57 39.08
77 CO_RFFA_250 ETC CANYON PIPELINE -PREMIER DEBEQUE 288 11.60 0.00 0.00 11.60 4.00 844.00 13.20 0.15 -108.24 39.33
45 CO_RFFA_251 BARGATH, INC.- ROAN CLIFF 228 2.10 0.00 0.00 1.80 11.00 722.00 69.70 0.25 -108.08 39.47
37 CO_RFFA_254 OLDCASTLE SW GROUP DBA B&B EXCAVATING 67 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -106.93 39.65
77 CO_RFFA_256 PARKERSON CONST INC 291 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.47 39.02
37 CO_RFFA_264 LAFARGE WEST, INC. - GYPSUM RANCH 69 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -106.91 39.65
37 CO_RFFA_271 OLDCASTLE SW GROUP, DBA B&B EXCAVATING 70 0.00 3.48 0.00 0.00 6.67 294.00 8.66 0.88 -107.07 39.67
103 CO_RFFA_275 WEST TEXAS - PICEANCE CREEK GP 128 105.00 0.00 0.00 86.89 8.00 700.00 115.80 2.44 -108.19 39.90
45 CO_RFFA_279 AMERICAN SODA LLP - PARACHUTE FACILITY 293 0.00 4.66 0.00 0.00 9.00 450.00 71.90 0.46 -108.09 39.48
45 CO_RFFA_292 FLAG SAND & GRAVEL PIT 333 0.00 2.62 0.00 0.00 6.67 294.00 8.66 0.88 -107.63 39.54
29 CO_RFFA_303 DELTA PAVING GRAVEL PIT 61 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.00 38.76
107 CO_RFFA_307 PRECISION EXCA-CAMILLETTI MILNER #2 PIT 79 0.00 28.32 0.00 0.00 7.40 294.00 11.78 0.77 -107.01 40.47
15 CO_RFFA_314 ACA PRODUCTS, INC. 42 0.00 0.00 0.00 0.00 5.00 422.00 11.78 1.22 -106.14 38.83
77 CO_RFFA_316 PUBLIC SERVICE CO. OF CO. - ORCHARD MESA 353 11.86 0.00 0.00 6.30 8.00 791.00 12.60 0.25 -108.42 39.05
77 CO_RFFA_318 SLATE RIVER RESOURCES - BADGER WGP 355 0.00 0.00 0.00 0.00 1.00 866.00 39.00 0.30 -108.91 39.33
45 CO_RFFA_329 ENCANA - EAST MAMM CREEK CS 363 0.00 0.00 0.00 0.00 61.00 728.00 67.50 1.52 -107.72 39.49
45 CO_RFFA_332 LAFARGE WEST - MAMM CREEK PIT 364 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -107.73 39.53
45 CO_RFFA_334 BARGATH, INC.- PARACHUTE 365 0.00 0.00 0.00 0.00 9.00 732.00 67.50 0.46 -108.11 39.49
45 CO_RFFA_339 ENCANA OIL & GAS (USA) INC. - PUMBA 368 0.00 0.00 0.00 0.00 8.00 255.00 22.40 9.91 -107.76 39.46
45 CO_RFFA_340 ENCANA GATHERING - MAMM CREEK CONDITIONI 370 4.18 0.00 0.00 8.28 11.00 811.00 280.40 0.30 -107.84 39.53
103 CO_RFFA_347 ENCANA OIL & GAS (USA) INC - BULL FORK 172 63.00 0.00 0.00 17.90 8.00 738.00 233.70 0.30 -108.28 39.70
77 CO_RFFA_351 ASPEN OPERATING, LLC - SINK CREEK C.S. 371 49.15 0.00 0.00 2.72 5.00 255.00 37.60 0.25 -108.30 39.02
77 CO_RFFA_352 SCHLUMBERGER TECHNOLOGY CORPORATION 376 0.00 0.00 0.00 0.00 6.00 294.00 9.40 0.40 -108.65 39.12
77 CO_RFFA_354 OLDCASTLE SW GROUP DBA UNITED COMPANIES 378 0.00 15.13 0.00 0.00 6.67 294.00 8.66 0.88 -108.78 39.17
45 CO_RFFA_355 HALLIBURTON ENERGY SVCS 516 1.28 0.00 0.00 0.00 4.00 294.00 11.78 0.08 -108.05 39.45
45 CO_RFFA_373 PETROLEUM DEVELOPMENT - GARDEN GULCH 637 34.06 0.00 0.00 54.58 6.00 811.00 38.10 0.35 -108.13 39.54
81 CO_RFFA_387 PLAINS MARKETING LP - BUCK PEAK STATION 265 0.00 1.68 0.00 0.00 6.67 294.00 8.66 0.88 -107.57 40.48
45 CO_RFFA_388 GRAND JUNCTION PIPE & SUPPLY - UNA PIT 687 0.00 8.82 0.00 0.00 6.67 294.00 8.66 0.88 -108.10 39.40

NOx PM10Model ID

Stack Parameters
Location (NAD83)

Table C-1 (cont)
Colorado Cumulative Point Sources Included in Modeling
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County (m) (K) (m/s) (m) Longitude Latitude
81 CO_RFFA_397 NEW FRONTIER ENERGY- CF&I CORP. #1 248 19.30 0.00 1.01 22.60 4.00 294.00 11.78 0.01 -107.33 40.99
103 CO_RFFA_398 QUESTAR PIPELINE CO - DARK CANYON 259 5.30 0.00 0.00 10.14 7.40 294.00 11.78 0.77 -108.19 39.89
45 CO_RFFA_400 ENCANA (WEST) - LOGAN WASH AMINE PLANT 724 6.20 0.00 0.00 5.20 15.00 311.00 11.78 0.30 -108.26 39.40
29 CO_RFFA_401 DIAMOND LAZY L. RANCH - JANET PIT 73 0.00 0.00 0.00 0.00 7.40 294.00 11.78 0.77 -107.68 38.82
45 CO_RFFA_403 WILLIAMS PROD RMT-SOUTH GRAND VALEY CS 780 15.20 0.00 0.00 5.80 6.00 730.00 49.70 0.30 -108.08 39.43
29 CO_RFFA_405 ALTERNATIVE MINING METHODS, LLC 74 0.00 0.00 0.00 0.00 6.67 294.00 8.66 0.88 -108.23 38.77
45 CO_RFFA_408 OLDCASTLE DBA UNITED CO -GLEN'S PIT 785 0.00 27.22 0.00 0.00 6.67 294.00 8.66 0.88 -107.76 39.53
103 CO_RFFA_415 TRANSCOLORADO GAS TRANS - GREASEWOOD 280 7.39 0.00 0.00 2.07 3.00 721.00 11.78 0.30 -108.19 39.90
103 CO_RFFA_416 WILGATH (FORMERLY ROC GAS) - SAGEBRUSH 281 35.40 0.00 0.00 31.20 6.00 730.00 49.70 3.66 -108.49 39.85
45 CO_RFFA_417 OXY USA WTP LP - CONN CREEK GAS 831 45.55 0.00 0.00 11.75 10.00 733.00 55.60 0.30 -108.25 39.48
45 CO_RFFA_418 WILLIAMS PRODUCTION RMT - CALLAHAN 832 41.20 0.00 0.00 11.40 6.00 730.00 49.70 0.30 -108.09 39.47
45 CO_RFFA_419 WILLIAMS PRODUCTION RMT - CLOUGH 833 37.60 0.00 0.00 11.40 6.00 730.00 49.70 0.30 -107.89 39.52
45 CO_RFFA_420 WILLIAMS PRODUCTION RMT - JANGLES 834 52.80 0.00 0.00 11.40 6.00 730.00 49.70 0.30 -108.13 39.50
103 CO_RFFA_423 ENTERPRISE GAS PROC - MEEKER GAS PLANT 291 0.00 3.04 0.00 0.00 15.00 811.00 20.00 1.74 -108.32 39.96
29 CO_RFFA_424 BENSON BROTHERS - PIG MESA 77 0.00 0.00 0.00 0.00 6.67 255.00 8.66 0.88 -108.01 38.78
45 CO_RFFA_430 WINDSOR ENERGY - CASTLE SPRINGS CENTRAL 910 49.34 0.00 0.00 27.51 2.00 744.00 111.60 0.23 -107.58 39.45
45 CO_RFFA_431 WILLIAMS PRODUCTION RMT-HEATH CS 932 55.00 0.00 0.00 11.40 7.00 5005.00 49.70 0.30 -107.89 39.50
45 CO_RFFA_435 ENCANA OIL & GAS - WEST FORK SHALE PIT 950 0.00 3.90 0.00 0.00 6.67 294.00 8.66 0.88 -108.16 39.65
103 CO_RFFA_437 PIONEER NATURAL RES-COLUMBINE SPRINGS 299 5.10 0.00 0.00 5.10 2.00 864.00 26.00 0.30 -109.03 39.72
37 CO_RFFA_444 LAFARGE WEST, INC.- MINTURN CONCRETE PLT 79 0.00 1.11 0.00 0.00 7.40 294.00 11.78 0.77 -106.41 39.57
29 CO_RFFA_446 OLDCASTLE SW GROUP - ANDERSON PIT 78 0.00 0.00 0.00 0.00 7.40 294.00 11.78 0.77 -108.04 38.76
77 CO_RFFA_449 GRAND JUNCTION CONCRETE PIPE-BATCH PLT 409 0.00 1.02 0.00 0.00 7.40 294.00 11.78 0.77 -108.62 39.10
77 CO_RFFA_450 M. A. CONCRETE - 20 ROAD GRAVEL PIT 411 0.00 1.52 0.00 0.00 6.67 294.00 8.66 0.88 -108.68 39.13
103 CO_RFFA_456 ENTERPRISE GAS-PICEANCE DEV. PROJECT 305 35.05 1.30 0.00 42.70 24.00 533.00 18.40 0.91 -108.29 39.85
45 CO_RFFA_465 WILLIAMS PRODUCTION - WHEELER GULCH 1030 77.20 0.00 0.00 22.80 6.00 730.00 49.70 0.30 -108.10 39.49
77 CO_RFFA_467 COLLBRAN VALLEY GAS - ANDERSON GULCH 413 33.60 0.00 0.00 15.60 16.00 429.00 8.10 0.81 -108.09 39.17
77 CO_RFFA_468 PLAINS EXPLORATION - EAST PLATEAU C.S. 414 23.90 0.00 0.00 3.40 2.00 841.00 12.60 0.09 -107.91 39.20
29 CO_RFFA_469 UNITED COMPANIES - DELTA BATCHING PLANT 80 0.00 1.72 0.00 0.00 7.40 294.00 11.78 0.77 -108.03 38.76
77 CO_RFFA_471 DELTA PETROLEUM CORPORATION - VEGA STA. 415 8.11 0.00 0.00 16.22 8.00 811.00 38.10 0.35 -107.74 39.28
103 CO_RFFA_487 ROCKIES EXPRESS PIPELINE, LLC - MEEKER 322 116.83 7.33 9.14 42.77 12.00 746.00 133.30 1.22 -108.29 39.92
77 CO_RFFA_495 HALLIBURTON ENERGY - CAMEO RAIL SPUR 416 0.00 4.88 0.00 0.00 7.40 294.00 11.78 0.77 -108.31 39.15
45 CO_RFFA_502 PETROLEUM DEVELOPMENT CORP.-STARKEY 1230 3.18 0.00 0.00 1.35 6.00 366.00 11.78 0.08 -108.15 39.48
81 CO_RFFA_506 BEARTOOTH OIL & GAS CO-NORTH CRAIG FIELD 293 6.52 0.00 0.00 6.96 6.00 850.00 152.60 0.25 -107.47 40.63
65 CO_RFFA_509 ACA PRODUCTS INC. - PINE RIDGE PIT 29 0.00 11.51 0.00 0.00 6.67 295.00 8.66 0.88 -106.37 39.19
77 CO_RFFA_511 PLAINS EXPLORATION - MCDANIEL 11-16 SWD 420 30.40 0.00 0.00 5.70 6.00 338.00 2.50 0.87 -107.85 39.29
77 CO_RFFA_515 PLAINS EXPLORATION - ZIEGAL 7-1 SWD FAC 421 30.40 0.00 0.00 5.70 7.93 898.00 29.77 0.54 -107.92 39.21
45 CO_RFFA_521 WILLIAMS PRODUCTION-WEBSTER HILL COMP ST 1326 122.66 4.04 0.00 49.65 9.00 732.00 67.50 0.46 -107.86 39.52
45 CO_RFFA_522 WILLIAMS PRODUCTION-RABBIT BRUSH 1327 177.82 5.05 0.00 35.31 9.00 732.00 67.40 0.46 -108.02 39.48
77 CO_RFFA_523 HALLIBURTON ENERGY SVCS - BARITE STORAGE 422 3.10 0.00 0.00 3.80 2.00 811.00 10.90 0.10 -108.76 39.17

NOx PM10 SO2Model ID Facility Name
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45 CO_RFFA_525 TRANSCOLORADO GAS - CONN CREEK 1328 67.50 2.50 0.00 14.62 7.00 874.00 11.30 0.32 -108.25 39.47
103 CO_RFFA_534 CONNELL RESOURCES - WHITE RIVER CITY PIT 329 0.00 18.80 0.00 0.00 6.67 294.00 8.66 0.88 -108.23 40.10
45 CO_RFFA_536 WILLIAMS PRODUCTION RMT-CRAWFORD TRAIL 1350 184.20 4.04 0.00 69.99 9.00 732.00 67.40 0.46 -108.19 39.50
51 CO_RFFA_537 SG INTERESTS I LTD - FEDERAL 24-1 57 22.50 0.00 0.00 3.50 3.00 998.00 138.40 0.10 -107.39 39.09
103 CO_RFFA_544 OPTIGAS, INC- FLETCHER GAS PLANT 332 56.41 0.00 0.00 86.22 5.00 700.00 1.20 0.30 -108.61 40.09
103 CO_RFFA_551 OLDCASTLE SW GROUP - BERRY PIT 339 0.00 10.62 0.00 0.00 6.67 295.00 8.66 0.88 -107.97 39.96
103 CO_RFFA_560 WHITING OIL & GAS CORP-BOIES RANCH 347 49.49 0.00 0.00 37.46 6.00 533.00 9.70 0.30 -108.33 39.85
77 CO_RFFA_575 ASPEN OPERATING, LLC - KANNAH CREEK 445 19.40 0.00 0.00 24.60 6.00 730.00 62.20 0.30 -108.36 38.95
103 CO_RFFA_576 WHITING OIL & GAS -JIMMY GULCH STATION 350 65.50 0.00 0.00 42.56 7.00 743.00 46.80 0.46 -108.38 39.82

Stack Parameters

SO2

Location (NAD83)
NOx PM10Model ID Facility Name

Emission Rates (tpy)

Facility ID
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County Model ID Facility Name NOx PM10 SO2 CO (m) (K) (m/s) (m) Easting Northing

7 UT_RFFA_1 Dry Canyon Compressor Station 12948 31.16 4.34 0.00 46.05 7.00 400.00 10.00 2.00 575,095 4,390,680
7 UT_RFFA_2 Interplanetary Compressor Station 13284 16.30 1.57 0.00 23.56 7.00 400.00 10.00 2.00 575,095 4,390,680
7 UT_RFFA_3 Aggregate Processing 14002 1.00 0.00 0.00 0.00 7.00 400.00 1.00 2.00 575,095 4,390,680
13 UT_RFFA_4 Portable Crusher 13267 24.40 3.67 1.68 5.44 7.00 400.00 1.00 2.00 576,593 4,462,613
43 UT_RFFA_5 Aggregate Pit - Brown's Canyon 13002 24.60 8.10 4.83 26.47 7.00 400.00 1.00 2.00 572,097 4,528,552
19 UT_RFFA_6 Harley Dome NGL Extraction Facility 13014 4.10 0.00 0.00 1.80 7.00 400.00 10.00 2.00 644,779 4,330,737
7 UT_RFFA_7 Carbon Power Plant 10081 141.71 0.00 0.00 0.00 7.00 400.00 10.00 2.00 511,617 4,397,250
9 UT_RFFA_8 Kastler/Marushack Compressor Station 11532 60.84 0.00 0.00 4.53 12.20 766.33 11.29 2.00 650,464 4,539,634
7 UT_RFFA_9 Wellington Asphalt Plant 10979 8.84 0.00 3.49 3.59 7.00 400.00 1.00 2.00 575,095 4,390,680
7 UT_RFFA_10 Sunnyside Cogeneration Facility 10096 18.96 5.35 0.00 22.64 76.22 421.89 10.00 2.59 552,984 4,377,786

UTM

Table C-2
Utah Cumulative Point Sources Included in Modeling

Stack Parameters
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Release 
Height 3

Facility Name / Operation NOx PM10 PM2.5 SO2 CO (m, AGL) X (m) Y (m) X (m) Y (m) X (m) Y (m) X (m) Y (m)

EGL Resources, Inc. 1

   Road Traffic Light (1) 0.004 0.610 0.093 0.000 0.050 7 12971 10943 12971 11748 13776 11748 13776 10943
   Road Traffic Heavy (1) 0.039 2.114 0.324 0.002 0.103 7
   RD & D Operation 40.150 7.300 7.300 84.850 3.650 7
   Road Traffic Light (2) 0.004 0.570 0.087 0.000 0.047 7
   Road Traffic Heavy (2) 0.047 2.537 0.389 0.002 0.124 7

Shell Frontier Oil and Gas Inc. 2

   Maximum Solution Mining Process Phase 12.900 0.400 0.400 0.400 21.600 7 829 22188 829 22993 1634 22993 1634 22188
   Maximum ICP Process Phase 70.000 6.000 6.000 95.000 40.000 7

1

2

3 Releases were modeled at a height of 7 m above ground level.
4 Coordinates are given in Lambert Conformal Conic (LCC) projection.

    Latitude and Longitude (decimal degrees) of projection origin:  RLAT0 = 39.75N

RLON0 = 108.55W

   Matching parallel(s) of latitude (decimal degrees) for projection: XLAT1 = 38.65N

XLAT2 = 40.85N

    NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27)

Table C-3
Colorado Shale Oil Area Sources

Southeast

Area Source Location Corners 4

BLM, 2006.  E.G.L. Resources, Inc. Oil Shale Research, Development and Demonstration Tract Environmental Assessment.  CO-110-2006-118-EA.  November 9, 2006.  
http://www.blm.gov/co/st/en/fo/wrfo/oil_shale_wrfo/e_g_l__resources_inc0.html

BLM, 2006.  Shell Frontier Oil and Gas Inc. Oil Shale Research, Development and Demonstration (R, D &D) Tracts Environmental Assessment.  CO-110-2006-117-EA.  Emissions Summary.  October 17, 2006. 
http://www.blm.gov/co/st/en/fo/wrfo/oil_shale_wrfo/shell_frontier_oil.html

NortheastSouthwest NorthwestEmission Rates (tpy)
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Release 
Height 1

Facility Name / Operation NOx PM10 PM2.5 SO2 CO (m, AGL) X (m) Y (m) X (m) Y (m) X (m) Y (m) X (m) Y (m)

COLOWYO COAL CO-RTEA SOUTH 
TAYLOR PROJECT 226.00 2376.00 237.60 27.00 892.00 4 60542 52681 60529 54296 62138 54309 62151 52694

1 Releases were modeled at a height of 4 m above ground level.
2 Coordinates are given in Lambert Conformal Conic (LCC) projection.

    Latitude and Longitude (decimal degrees) of projection origin:  RLAT0 = 39.75N

RLON0 = 108.55W

   Matching parallel(s) of latitude (decimal degrees) for projection: XLAT1 = 38.65N

XLAT2 = 40.85N

    NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27)

Table C-4
Colorado Mine Area Source

Southeast

Area Source Location Corners 2

NortheastSouthwest NorthwestEmission Rates (tpy)
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State / Area NOx PM10 PM2.5 CO X (m) Y (m) X (m) Y (m) X (m) Y (m) X (m) Y (m)

Colorado 1

   Area 1 1503 29.4 294.4 32.7 24.7 14564.0 -61234.1 14564.0 -12910.0 86751.7 -12910.0 86751.7 -61234.1
   Area 2 197 3.9 38.6 4.3 3.2 5615.1 -12313.4 5615.1 45556.1 38427.7 45556.1 38427.7 -12313.4

Utah 2

   Area 1 1760 34.4 344.7 38.3 28.9 -185294.7 6181.0 -185294.7 67630.0 -47481.7 67630.0 -47481.7 6181.0
   Area 2 156 3.1 30.6 3.4 2.6 -109527.4 -45126.0 -109527.4 -2171.3 -58817.0 -2171.3 -58817.0 -45126.0

1

2

3 Coordinates are given in Lambert Conformal Conic (LCC) projection.

    Latitude and Longitude (decimal degrees) of projection origin:  RLAT0 = 39.75N

RLON0 = 108.55W

   Matching parallel(s) of latitude (decimal degrees) for projection: XLAT1 = 38.65N

XLAT2 = 40.85N

    NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27)

Emissions (tpy)

Table C-5

Number of 
Wells

Utah well data includes wells with first production or spud dates between January 1, 2007 and December 31, 2007.  Well data was accessed from the Utah Division of Oil, Gas and Mining (UDOGM) 
website at https://fs.ogm.utah.gov/pub/Oil&Gas/Database/.

Colorado well data includes wells with first production or spud dates between January 1, 2007 and December 31, 2007.  Well data was accessed from the Colorado Oil and Gas Conservation Commission 
(COGCC) website at http://cogcc.state.co.us/.

Colorado and Utah Producing Well Emissions

Area Source Location Corners 3

Southwest Northwest Northeast Southeast
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Appendix D - CALMET Input.txt
White River Projecct
3 km resolution CALMET simulation  
with 3D.DAT data, 14 surface met stations, 
4 upper air met stations, and 36 precip stations
---------------- Run title (3 lines) ------------------------------------------

                    CALMET MODEL CONTROL FILE
                    --------------------------

-------------------------------------------------------------------------------

INPUT GROUP: 0 -- Input and Output File Names

Subgroup (a)
------------
Default Name  Type          File Name
------------  ----          ---------
GEO.DAT       input    ! GEODAT=GEO3KM.DAT       !
SURF.DAT      input    ! SRFDAT=SURF_2001_V5.DAT      !
CLOUD.DAT     input    * CLDDAT=            *
PRECIP.DAT    input    ! PRCDAT=PRECIP2001v5.DAT    !
WT.DAT        input    * WTDAT=             *

CALMET.LST    output   ! METLST=CMET01.LST     !
CALMET.DAT    output   ! METDAT=CMET01.DAT    !
PACOUT.DAT    output   * PACDAT=            *

All file names will be converted to lower case if LCFILES = T
Otherwise, if LCFILES = F, file names will be converted to UPPER CASE
         T = lower case      ! LCFILES = T !
         F = UPPER CASE

NUMBER OF UPPER AIR & OVERWATER STATIONS:

    Number of upper air stations (NUSTA)  No default     ! NUSTA =  4  !
    Number of overwater met stations
                                 (NOWSTA) No default     ! NOWSTA =  0  !

NUMBER OF PROGNOSTIC and IGF-CALMET FILEs:

    Number of MM4/MM5/3D.DAT files
                                 (NM3D) No default       ! NM3D =  2  !

    Number of IGF-CALMET.DAT files
                                 (NIGF)   No default     ! NIGF =  0  !

                       !END!
--------------------------------------------------------------------------------
Subgroup (b)
---------------------------------
Upper air files (one per station)
---------------------------------
Default Name  Type       File Name
------------  ----       ---------
UP1.DAT       input     1  ! UPDAT= UPDEN.da2!    !END!
UP2.DAT       input     2  ! UPDAT= UPGJT.da2!    !END!
UP3.DAT       input     3  ! UPDAT= UPRIV.da2!    !END! 
UP3.DAT       input     4  ! UPDAT= UPSLC.da2!    !END! 
--------------------------------------------------------------------------------
Subgroup (c)
-----------------------------------------
Overwater station files (one per station)

Page 1

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix D

D-3



Appendix D - CALMET Input.txt
-----------------------------------------
Default Name  Type       File Name
------------  ----       ---------
SEA1.DAT       input     1  * SEADAT=4007.DAT*    *END*
--------------------------------------------------------------------------------
Subgroup (d)
------------------------------------------------
MM4/MM5/3D.DAT files (consecutive or overlapping)
------------------------------------------------
Default Name  Type       File Name
------------  ----       ---------
MM51.DAT       input     1  ! 
M3DDAT=E:MM5\CO_V6\calmm5_3D.DAT_2001.epa.36km\extracted_2001_01_epa_36km.mm5!    
!END!
MM51.DAT       input     2  ! 
M3DDAT=E:MM5\CO_V6\calmm5_3D.DAT_2001.epa.36km\extracted_2001_02_epa_36km.mm5!    
!END!

--------------------------------------------------------------------------------
Subgroup (e)
-------------------------------------------------
IGF-CALMET.DAT files (consecutive or overlapping)
-------------------------------------------------
Default Name  Type       File Name
------------  ----       ---------
IGFn.DAT       input     1  * IGFDAT=CALMET0.DAT *    *END*
--------------------------------------------------------------------------------
Subgroup (f)
----------------
Other file names
----------------

Default Name  Type       File Name
------------  ----       ---------
DIAG.DAT      input      * DIADAT=                  *
PROG.DAT      input      * PRGDAT=                  *

TEST.PRT      output     * TSTPRT=                  *
TEST.OUT      output     * TSTOUT=                  *
TEST.KIN      output     * TSTKIN=                  *
TEST.FRD      output     * TSTFRD=                  *
TEST.SLP      output     * TSTSLP=                  *
DCST.GRD      output     * DCSTGD=                  *

--------------------------------------------------------------------------------
NOTES: (1) File/path names can be up to 70 characters in length
       (2) Subgroups (a) and (f) must have ONE 'END' (surrounded by
           delimiters) at the end of the group
       (3) Subgroups (b) through (e) are included ONLY if the corresponding
           number of files (NUSTA, NOWSTA, NM3D, NIGF) is not 0, and each must have
           an 'END' (surround by delimiters) at the end of EACH LINE

                         !END!

-------------------------------------------------------------------------------

INPUT GROUP: 1 -- General run control parameters
--------------

     Starting date:   Year (IBYR) -- No default       ! IBYR=  2001  !
                     Month (IBMO) -- No default       ! IBMO=  1  !
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Appendix D - CALMET Input.txt
                       Day (IBDY) -- No default       ! IBDY=  1  !
                      Hour (IBHR) -- No default       ! IBHR=  0  !

     Note: IBHR is the time at the END of the first hour of the simulation
           (IBHR=1, the first hour of a day, runs from 00:00 to 01:00)

     Base time zone        (IBTZ) -- No default       ! IBTZ=  7  !
        PST = 08, MST = 07
        CST = 06, EST = 05

     Length of run (hours) (IRLG) -- No default       ! IRLG=  744  !

     Run type            (IRTYPE) -- Default: 1       ! IRTYPE=  1  !

        0 = Computes wind fields only
        1 = Computes wind fields and micrometeorological variables
            (u*, w*, L, zi, etc.)
        (IRTYPE must be 1 to run CALPUFF or CALGRID)

     Compute special data fields required
     by CALGRID (i.e., 3-D fields of W wind
     components and temperature)
     in additional to regular            Default: T    ! LCALGRD = T !
     fields ? (LCALGRD)
     (LCALGRD must be T to run CALGRID)

      Flag to stop run after
      SETUP phase (ITEST)             Default: 2       ! ITEST=  2   !
      (Used to allow checking
      of the model inputs, files, etc.)
      ITEST = 1 - STOPS program after SETUP phase
      ITEST = 2 - Continues with execution of
                  COMPUTATIONAL phase after SETUP

     Test options specified to see if
     they conform to regulatory
     values? (MREG)                   No Default       ! MREG =  0   !

        0 = NO checks are made
        1 = Technical options must conform to USEPA guidance
                  IMIXH    -1       Maul-Carson convective mixing height
                                    over land; OCD mixing height overwater
                  ICOARE   0        OCD deltaT method for overwater fluxes
                  THRESHL  0.0      Threshold buoyancy flux over land needed
                                    to sustain convective mixing height growth

!END!

-------------------------------------------------------------------------------

INPUT GROUP: 2 -- Map Projection and Grid control parameters
--------------

     Projection for all (X,Y):
     -------------------------

     Map projection
     (PMAP)                     Default: UTM    ! PMAP = LCC  !

         UTM :  Universal Transverse Mercator
         TTM :  Tangential Transverse Mercator
         LCC :  Lambert Conformal Conic
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Appendix D - CALMET Input.txt
          PS :  Polar Stereographic
          EM :  Equatorial Mercator
        LAZA :  Lambert Azimuthal Equal Area

     False Easting and Northing (km) at the projection origin
     (Used only if PMAP= TTM, LCC, or LAZA)
     (FEAST)                    Default=0.0     ! FEAST  = 0.000  !
     (FNORTH)                   Default=0.0     ! FNORTH = 0.000  !

     UTM zone (1 to 60)
     (Used only if PMAP=UTM)
     (IUTMZN)                   No Default      ! IUTMZN =     !

     Hemisphere for UTM projection?
     (Used only if PMAP=UTM)
     (UTMHEM)                   Default: N      ! UTMHEM =  !
         N   :  Northern hemisphere projection
         S   :  Southern hemisphere projection

     Latitude and Longitude (decimal degrees) of projection origin
     (Used only if PMAP= TTM, LCC, PS, EM, or LAZA)
     (RLAT0)                    No Default      ! RLAT0 = 39.75N  !
     (RLON0)                    No Default      ! RLON0 = 108.55W !

         TTM :  RLON0 identifies central (true N/S) meridian of projection
                RLAT0 selected for convenience
         LCC :  RLON0 identifies central (true N/S) meridian of projection
                RLAT0 selected for convenience
         PS  :  RLON0 identifies central (grid N/S) meridian of projection
                RLAT0 selected for convenience
         EM  :  RLON0 identifies central meridian of projection
                RLAT0 is REPLACED by 0.0N (Equator)
         LAZA:  RLON0 identifies longitude of tangent-point of mapping plane
                RLAT0 identifies latitude of tangent-point of mapping plane

     Matching parallel(s) of latitude (decimal degrees) for projection
     (Used only if PMAP= LCC or PS)
     (XLAT1)                    No Default      ! XLAT1 = 38.65N  !
     (XLAT2)                    No Default      ! XLAT2 = 40.85N  !

         LCC :  Projection cone slices through Earth's surface at XLAT1 and XLAT2
         PS  :  Projection plane slices through Earth at XLAT1
                (XLAT2 is not used)

     ----------
     Note:  Latitudes and longitudes should be positive, and include a
            letter N,S,E, or W indicating north or south latitude, and
            east or west longitude.  For example,
            35.9  N Latitude  =  35.9N
            118.7 E Longitude = 118.7E

     Datum-region
     ------------

     The Datum-Region for the coordinates is identified by a character
     string.  Many mapping products currently available use the model of the
     Earth known as the World Geodetic System 1984 (WGS-84).  Other local
     models may be in use, and their selection in CALMET will make its output
     consistent with local mapping products.  The list of Datum-Regions with
     official transformation parameters is provided by the National Imagery and
     Mapping Agency (NIMA).
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Appendix D - CALMET Input.txt
     NIMA Datum - Regions(Examples)
     ------------------------------------------------------------------------------
     WGS-84    WGS-84 Reference Ellipsoid and Geoid, Global coverage (WGS84)
     NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27)
     NAR-C     NORTH AMERICAN 1983 GRS 80 Spheroid, MEAN FOR CONUS (NAD83)
     NWS-84    NWS 6370KM Radius, Sphere
     ESR-S     ESRI REFERENCE 6371KM Radius, Sphere

     Datum-region for output coordinates
     (DATUM)                    Default: WGS-84    ! DATUM = NAS-C  !

     Horizontal grid definition:
     ---------------------------

     Rectangular grid defined for projection PMAP,
     with X the Easting and Y the Northing coordinate

            No. X grid cells (NX)      No default     ! NX =   176   !
            No. Y grid cells (NY)      No default     ! NY =   127   !

     Grid spacing (DGRIDKM)            No default     ! DGRIDKM = 3. !
                                       Units: km

     Reference grid coordinate of
     SOUTHWEST corner of grid cell (1,1)

        X coordinate (XORIGKM)         No default     ! XORIGKM = -267.54 !
        Y coordinate (YORIGKM)         No default     ! YORIGKM = -178.61 !
                                       Units: km

     Vertical grid definition:
     -------------------------

        No. of vertical layers (NZ)    No default     ! NZ =  10  !

        Cell face heights in arbitrary
        vertical grid (ZFACE(NZ+1))    No defaults
                                       Units: m
        ! ZFACE = 0.,20.,40.,80.,160.,300.,600.,1000.,1500.,2200.,3500. !

!END!

-------------------------------------------------------------------------------

INPUT GROUP: 3 -- Output Options
--------------

    DISK OUTPUT OPTION

       Save met. fields in an unformatted
       output file ?              (LSAVE)  Default: T     ! LSAVE = T !
       (F = Do not save, T = Save)

       Type of unformatted output file:
       (IFORMO)                            Default: 1    ! IFORMO =  1  !

            1 = CALPUFF/CALGRID type file (CALMET.DAT)
            2 = MESOPUFF-II type file     (PACOUT.DAT)
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Appendix D - CALMET Input.txt

    LINE PRINTER OUTPUT OPTIONS:

       Print met. fields ?  (LPRINT)       Default: F     ! LPRINT = F !
       (F = Do not print, T = Print)
       (NOTE: parameters below control which
              met. variables are printed)

       Print interval
       (IPRINF) in hours                   Default: 1     ! IPRINF =  1  !
       (Meteorological fields are printed
        every  1  hours)

       Specify which layers of U, V wind component
       to print (IUVOUT(NZ)) -- NOTE: NZ values must be entered
       (0=Do not print, 1=Print)
       (used only if LPRINT=T)        Defaults: NZ*0 
       ! IUVOUT =  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  !
       -----------------------

       Specify which levels of the W wind component to print
       (NOTE: W defined at TOP cell face --  10  values)
       (IWOUT(NZ)) -- NOTE: NZ values must be entered
       (0=Do not print, 1=Print)
       (used only if LPRINT=T & LCALGRD=T)
       -----------------------------------
                                            Defaults: NZ*0 
        ! IWOUT =  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  !

       Specify which levels of the 3-D temperature field to print
       (ITOUT(NZ)) -- NOTE: NZ values must be entered
       (0=Do not print, 1=Print)
       (used only if LPRINT=T & LCALGRD=T)
       -----------------------------------
                                            Defaults: NZ*0 
        ! ITOUT =  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  !

       Specify which meteorological fields
       to print
       (used only if LPRINT=T)             Defaults: 0 (all variables)
       -----------------------

         Variable            Print ?
                         (0 = do not print,
                          1 = print)
         --------        ------------------

      !  STABILITY  =           0           ! - PGT stability class
      !  USTAR      =           0           ! - Friction velocity
      !  MONIN      =           0           ! - Monin-Obukhov length
      !  MIXHT      =           0           ! - Mixing height
      !  WSTAR      =           0           ! - Convective velocity scale
      !  PRECIP     =           0           ! - Precipitation rate
      !  SENSHEAT   =           0           ! - Sensible heat flux
      !  CONVZI     =           0           ! - Convective mixing ht.

       Testing and debug print options for micrometeorological module
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Appendix D - CALMET Input.txt
          Print input meteorological data and
          internal variables (LDB)         Default: F       ! LDB = F !
          (F = Do not print, T = print)
          (NOTE: this option produces large amounts of output)

          First time step for which debug data
          are printed (NN1)                Default: 1       ! NN1 =  1  !

          Last time step for which debug data
          are printed (NN2)                Default: 1       ! NN2 =  1  !

          Print distance to land
          internal variables (LDBCST)      Default: F       ! LDBCST = F !
          (F = Do not print, T = print)
          (Output in .GRD file DCST.GRD, defined in input group 0)

       Testing and debug print options for wind field module
       (all of the following print options control output to
        wind field module's output files: TEST.PRT, TEST.OUT,
        TEST.KIN, TEST.FRD, and TEST.SLP)

          Control variable for writing the test/debug
          wind fields to disk files (IOUTD)
          (0=Do not write, 1=write)        Default: 0       ! IOUTD =  0  !

          Number of levels, starting at the surface,
          to print (NZPRN2)                Default: 1       ! NZPRN2 =  0  !

          Print the INTERPOLATED wind components ?
          (IPR0) (0=no, 1=yes)             Default: 0       !  IPR0 =  0  !

          Print the TERRAIN ADJUSTED surface wind
          components ?
          (IPR1) (0=no, 1=yes)             Default: 0       !  IPR1 =  0  !

          Print the SMOOTHED wind components and
          the INITIAL DIVERGENCE fields ?
          (IPR2) (0=no, 1=yes)             Default: 0       !  IPR2 =  0  !

          Print the FINAL wind speed and direction
          fields ?
          (IPR3) (0=no, 1=yes)             Default: 0       !  IPR3 =  0  !

          Print the FINAL DIVERGENCE fields ?
          (IPR4) (0=no, 1=yes)             Default: 0       !  IPR4 =  0  !

          Print the winds after KINEMATIC effects
          are added ?
          (IPR5) (0=no, 1=yes)             Default: 0       !  IPR5 =  0  !

          Print the winds after the FROUDE NUMBER
          adjustment is made ?
          (IPR6) (0=no, 1=yes)             Default: 0       !  IPR6 =  0  !

          Print the winds after SLOPE FLOWS
          are added ?
          (IPR7) (0=no, 1=yes)             Default: 0       !  IPR7 =  0  !

          Print the FINAL wind field components ?
          (IPR8) (0=no, 1=yes)             Default: 0       !  IPR8 =  0  !

!END!
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Appendix D - CALMET Input.txt

-------------------------------------------------------------------------------

INPUT GROUP: 4 -- Meteorological data options
--------------

    NO OBSERVATION MODE             (NOOBS)  Default: 0     ! NOOBS =  0   !
          0 = Use surface, overwater, and upper air stations
          1 = Use surface and overwater stations (no upper air observations)
              Use MM4/MM5/3D for upper air data
          2 = No surface, overwater, or upper air observations
              Use MM4/MM5/3D for surface, overwater, and upper air data

    NUMBER OF SURFACE & PRECIP. METEOROLOGICAL STATIONS

       Number of surface stations   (NSSTA)  No default     ! NSSTA =  14  !

       Number of precipitation stations
       (NPSTA=-1: flag for use of MM5/3D precip data)
                                    (NPSTA)  No default     ! NPSTA =  36  !

    CLOUD DATA OPTIONS
       Gridded cloud fields:
                                   (ICLOUD)  Default: 0     ! ICLOUD =  0  !
       ICLOUD = 0 - Gridded clouds not used
       ICLOUD = 1 - Gridded CLOUD.DAT generated as OUTPUT
       ICLOUD = 2 - Gridded CLOUD.DAT read as INPUT
       ICLOUD = 3 - Gridded cloud cover computed from prognostic fields

    FILE FORMATS

       Surface meteorological data file format
                                   (IFORMS)  Default: 2     ! IFORMS =  2  !
       (1 = unformatted (e.g., SMERGE output))
       (2 = formatted   (free-formatted user input))

       Precipitation data file format
                                   (IFORMP)  Default: 2     ! IFORMP =  2  !
       (1 = unformatted (e.g., PMERGE output))
       (2 = formatted   (free-formatted user input))

       Cloud data file format
                                   (IFORMC)  Default: 2     ! IFORMC =  2  !
       (1 = unformatted - CALMET unformatted output)
       (2 = formatted   - free-formatted CALMET output or user input)

!END!

-------------------------------------------------------------------------------

INPUT GROUP: 5 -- Wind Field Options and Parameters
--------------

    WIND FIELD MODEL OPTIONS
       Model selection variable (IWFCOD)     Default: 1      ! IWFCOD =  1  !
          0 = Objective analysis only
          1 = Diagnostic wind module

       Compute Froude number adjustment
       effects ? (IFRADJ)                    Default: 1      ! IFRADJ =  1  !
       (0 = NO, 1 = YES)
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Appendix D - CALMET Input.txt

       Compute kinematic effects ? (IKINE)   Default: 0      ! IKINE  =  0  !
       (0 = NO, 1 = YES)

       Use O'Brien procedure for adjustment
       of the vertical velocity ? (IOBR)     Default: 0      ! IOBR =  0  !
       (0 = NO, 1 = YES)

       Compute slope flow effects ? (ISLOPE) Default: 1      ! ISLOPE  =  1  !
       (0 = NO, 1 = YES)

       Extrapolate surface wind observations
       to upper layers ? (IEXTRP)            Default: -4     ! IEXTRP = -4  !
       (1 = no extrapolation is done,
        2 = power law extrapolation used,
        3 = user input multiplicative factors
            for layers 2 - NZ used (see FEXTRP array)
        4 = similarity theory used
        -1, -2, -3, -4 = same as above except layer 1 data
            at upper air stations are ignored

       Extrapolate surface winds even
       if calm? (ICALM)                      Default: 0      ! ICALM  =  0  !
       (0 = NO, 1 = YES)

       Layer-dependent biases modifying the weights of
       surface and upper air stations (BIAS(NZ))
         -1<=BIAS<=1
       Negative BIAS reduces the weight of upper air stations
         (e.g. BIAS=-0.1 reduces the weight of upper air stations
       by 10%; BIAS= -1, reduces their weight by 100 %)
       Positive BIAS reduces the weight of surface stations
         (e.g. BIAS= 0.2 reduces the weight of surface stations
       by 20%; BIAS=1 reduces their weight by 100%)
       Zero BIAS leaves weights unchanged (1/R**2 interpolation)
       Default: NZ*0
                               ! BIAS =  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,
 0  !

       Minimum distance from nearest upper air station
       to surface station for which extrapolation
       of surface winds at surface station will be allowed
       (RMIN2: Set to -1 for IEXTRP = 4 or other situations
        where all surface stations should be extrapolated)
                                             Default: 4.     ! RMIN2 = -1.0 !

       Use gridded prognostic wind field model
       output fields as input to the diagnostic
       wind field model (IPROG)              Default: 0      ! IPROG =  14  !
       (0 = No, [IWFCOD = 0 or 1]
        1 = Yes, use CSUMM prog. winds as Step 1 field, [IWFCOD = 0]
        2 = Yes, use CSUMM prog. winds as initial guess field [IWFCOD = 1]
        3 = Yes, use winds from MM4.DAT file as Step 1 field [IWFCOD = 0]
        4 = Yes, use winds from MM4.DAT file as initial guess field [IWFCOD = 1]
        5 = Yes, use winds from MM4.DAT file as observations [IWFCOD = 1]
        13 = Yes, use winds from MM5/3D.DAT file as Step 1 field [IWFCOD = 0]
        14 = Yes, use winds from MM5/3D.DAT file as initial guess field [IWFCOD = 1]
        15 = Yes, use winds from MM5/3D.DAT file as observations [IWFCOD = 1]

       Timestep (hours) of the prognostic
       model input data   (ISTEPPG)          Default: 1      ! ISTEPPG =  1   !

       Use coarse CALMET fields as initial guess fields (IGFMET)
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Appendix D - CALMET Input.txt
       (overwrites IGF based on prognostic wind fields if any)
                                             Default: 0      ! IGFMET =  0  !

    RADIUS OF INFLUENCE PARAMETERS

       Use varying radius of influence       Default: F      ! LVARY =  T!
       (if no stations are found within RMAX1,RMAX2,
        or RMAX3, then the closest station will be used)

       Maximum radius of influence over land
       in the surface layer (RMAX1)          No default      ! RMAX1 = 30. !
                                             Units: km
       Maximum radius of influence over land
       aloft (RMAX2)                         No default      ! RMAX2 = 100. !
                                             Units: km
       Maximum radius of influence over water
       (RMAX3)                               No default      ! RMAX3 = 500. !
                                             Units: km

    OTHER WIND FIELD INPUT PARAMETERS

       Minimum radius of influence used in
       the wind field interpolation (RMIN)   Default: 0.1    ! RMIN = 0.1 !
                                             Units: km
       Radius of influence of terrain
       features (TERRAD)                     No default      ! TERRAD = 40. !

                                             Units: km
       Relative weighting of the first
       guess field and observations in the
       SURFACE layer (R1)                    No default      ! R1 = 30. !
       (R1 is the distance from an           Units: km
       observational station at which the
       observation and first guess field are
       equally weighted)

       Relative weighting of the first
       guess field and observations in the
       layers ALOFT (R2)                     No default      ! R2 = 50. !
       (R2 is applied in the upper layers    Units: km
       in the same manner as R1 is used in
       the surface layer).

       Relative weighting parameter of the
       prognostic wind field data (RPROG)    No default      ! RPROG = 0. !
       (Used only if IPROG = 1)              Units: km
       ------------------------

       Maximum acceptable divergence in the
       divergence minimization procedure
       (DIVLIM)                              Default: 5.E-6  ! DIVLIM= 5.0E-06 !

       Maximum number of iterations in the
       divergence min. procedure (NITER)     Default: 50     ! NITER =  50  !

       Number of passes in the smoothing
       procedure (NSMTH(NZ))
       NOTE: NZ values must be entered
            Default: 2,(mxnz-1)*4 ! NSMTH = 
 2 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4  !

       Maximum number of stations used in
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Appendix D - CALMET Input.txt
       each layer for the interpolation of
       data to a grid point (NINTR2(NZ))
       NOTE: NZ values must be entered       Default: 99.    ! NINTR2 = 
 5 ,  5 ,  5 ,  5 ,  5 ,  5 ,  5 ,  5 ,  5 ,  5  !

       Critical Froude number (CRITFN)       Default: 1.0    ! CRITFN = 1. !

       Empirical factor controlling the
       influence of kinematic effects
       (ALPHA)                               Default: 0.1    ! ALPHA = 0.1 !

       Multiplicative scaling factor for
       extrapolation of surface observations
       to upper layers (FEXTR2(NZ))          Default: NZ*0.0 
       ! FEXTR2 = 0., 0., 0., 0., 0., 0., 0., 0., 0., 0. !
       (Used only if IEXTRP = 3 or -3)

    BARRIER INFORMATION

       Number of barriers to interpolation
       of the wind fields (NBAR)             Default: 0      ! NBAR =  0  !

       Level (1 to NZ) up to which barriers
       apply (KBAR)                          Default: NZ     ! KBAR =  10  !

       THE FOLLOWING 4 VARIABLES ARE INCLUDED
       ONLY IF NBAR > 0
       NOTE: NBAR values must be entered     No defaults
             for each variable               Units: km

          X coordinate of BEGINNING
          of each barrier (XBBAR(NBAR))      ! XBBAR = 0. !
          Y coordinate of BEGINNING
          of each barrier (YBBAR(NBAR))      ! YBBAR = 0. !

          X coordinate of ENDING
          of each barrier (XEBAR(NBAR))      ! XEBAR = 0. !
          Y coordinate of ENDING
          of each barrier (YEBAR(NBAR))      ! YEBAR = 0. !

    DIAGNOSTIC MODULE DATA INPUT OPTIONS

       Surface temperature (IDIOPT1)         Default: 0      ! IDIOPT1 =  0  !
          0 = Compute internally from
              hourly surface observations
          1 = Read preprocessed values from
              a data file (DIAG.DAT)

          Surface met. station to use for
          the surface temperature (ISURFT)   No default     ! ISURFT =  1  !
          (Must be a value from 1 to NSSTA)
          (Used only if IDIOPT1 = 0)
          --------------------------

       Domain-averaged temperature lapse
       rate (IDIOPT2)                        Default: 0     ! IDIOPT2 =  0  !
          0 = Compute internally from
              twice-daily upper air observations
          1 = Read hourly preprocessed values
              from a data file (DIAG.DAT)
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          Upper air station to use for
          the domain-scale lapse rate (IUPT) No default     ! IUPT   =  2  !
          (Must be a value from 1 to NUSTA)
          (Used only if IDIOPT2 = 0)
          --------------------------

          Depth through which the domain-scale
          lapse rate is computed (ZUPT)      Default: 200.  ! ZUPT = 200. !
          (Used only if IDIOPT2 = 0)         Units: meters
          --------------------------

       Domain-averaged wind components
       (IDIOPT3)                             Default: 0     ! IDIOPT3 =  0  !
          0 = Compute internally from
              twice-daily upper air observations
          1 = Read hourly preprocessed values
              a data file (DIAG.DAT)

          Upper air station to use for
          the domain-scale winds (IUPWND)    Default: -1    ! IUPWND = -1  !
          (Must be a value from -1 to NUSTA)
          (Used only if IDIOPT3 = 0)
          --------------------------

          Bottom and top of layer through
          which the domain-scale winds
          are computed
          (ZUPWND(1), ZUPWND(2))        Defaults: 1., 1000. ! ZUPWND= 1., 1000. !
          (Used only if IDIOPT3 = 0)    Units: meters
          --------------------------

       Observed surface wind components
       for wind field module (IDIOPT4)  Default: 0     ! IDIOPT4 =  0  !
          0 = Read WS, WD from a surface
              data file (SURF.DAT)
          1 = Read hourly preprocessed U, V from
              a data file (DIAG.DAT)

       Observed upper air wind components
       for wind field module (IDIOPT5)  Default: 0     ! IDIOPT5 =  0  !
          0 = Read WS, WD from an upper
              air data file (UP1.DAT, UP2.DAT, etc.)
          1 = Read hourly preprocessed U, V from
              a data file (DIAG.DAT)

       LAKE BREEZE INFORMATION

          Use Lake Breeze Module  (LLBREZE)
                                           Default: F      ! LLBREZE = F !

           Number of lake breeze regions (NBOX)            ! NBOX =  0  !

        X Grid line 1 defining the region of interest
                                                        ! XG1 = 0. !
        X Grid line 2 defining the region of interest
                                                        ! XG2 = 0. !
        Y Grid line 1 defining the region of interest
                                                        ! YG1 = 0. !
        Y Grid line 2 defining the region of interest
                                                        ! YG2 = 0. !

         X Point defining the coastline (Straight line)
                   (XBCST)  (KM)   Default: none    ! XBCST = 0. !

Page 12

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix D

D-14



Appendix D - CALMET Input.txt

         Y Point defining the coastline (Straight line)
                   (YBCST)  (KM)   Default: none    ! YBCST = 0. !

         X Point defining the coastline (Straight line)
                   (XECST)  (KM)   Default: none    ! XECST = 0. !

         Y Point defining the coastline (Straight line)
                   (YECST)  (KM)   Default: none    ! YECST = 0. !

       Number of stations in the region     Default: none ! NLB =  0 ! 
       (Surface stations + upper air stations)

       Station ID's  in the region   (METBXID(NLB))
       (Surface stations first, then upper air stations)
         ! METBXID =  0 !

!END!

-------------------------------------------------------------------------------

INPUT GROUP: 6 -- Mixing Height, Temperature and Precipitation Parameters
--------------

    EMPIRICAL MIXING HEIGHT CONSTANTS

       Neutral, mechanical equation
       (CONSTB)                              Default: 1.41   ! CONSTB = 1.41 !
       Convective mixing ht. equation
       (CONSTE)                              Default: 0.15   ! CONSTE = 0.15 !
       Stable mixing ht. equation
       (CONSTN)                              Default: 2400.  ! CONSTN = 2400.!
       Overwater mixing ht. equation
       (CONSTW)                              Default: 0.16   ! CONSTW = 0.16 !
       Absolute value of Coriolis
       parameter (FCORIOL)                   Default: 1.E-4  ! FCORIOL = 1.0E-04!
                                             Units: (1/s)

    SPATIAL AVERAGING OF MIXING HEIGHTS

       Conduct spatial averaging
       (IAVEZI)  (0=no, 1=yes)               Default: 1      ! IAVEZI =  1  !

       Max. search radius in averaging
       process (MNMDAV)                      Default: 1      ! MNMDAV =  10  !
                                             Units: Grid
                                                    cells
       Half-angle of upwind looking cone
       for averaging (HAFANG)                Default: 30.    ! HAFANG = 30. !
                                             Units: deg.
       Layer of winds used in upwind
       averaging (ILEVZI)                    Default: 1      ! ILEVZI =  1  !
       (must be between 1 and NZ)

    CONVECTIVE MIXING HEIGHT OPTIONS:
       Method to compute the convective
       mixing height(IMIHXH)                 Default: 1      ! IMIXH =  1  !
           1: Maul-Carson for land and water cells
          -1: Maul-Carson for land cells only -
              OCD mixing height overwater
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           2: Batchvarova and Gryning for land and water cells
          -2: Batchvarova and Gryning for land cells only
              OCD mixing height overwater

       Threshold buoyancy flux required to
       sustain convective mixing height growth
       overland (THRESHL)                    Default: 0.05   ! THRESHL = 0.05 !
       (expressed as a heat flux             units: W/m3
        per meter of boundary layer)

       Threshold buoyancy flux required to
       sustain convective mixing height growth
       overwater (THRESHW)                   Default: 0.05   ! THRESHW = 0.05 !
       (expressed as a heat flux             units: W/m3
        per meter of boundary layer)

       Option for overwater lapse rates used
       in convective mixing height growth
       (ITWPROG)                             Default: 0      ! ITWPROG =  0  !
       0 : use SEA.DAT lapse rates and deltaT (or assume neutral
           conditions if missing)
       1 : use prognostic lapse rates (only if IPROG>2)
           and SEA.DAT deltaT (or neutral if missing)
       2 : use prognostic lapse rates and prognostic delta T
           (only if iprog>12 and 3D.DAT version# 2.0 or higher)

       Land Use category ocean in 3D.DAT datasets  
       (ILUOC3D)                             Default: 16     ! ILUOC3D =  16  !
       Note: if 3D.DAT from MM5 version 3.0, iluoc3d = 16
             if MM4.DAT,           typically iluoc3d = 7 

    OTHER MIXING HEIGHT VARIABLES

       Minimum potential temperature lapse
       rate in the stable layer above the
       current convective mixing ht.         Default: 0.001  ! DPTMIN = 0.001 !
       (DPTMIN)                              Units: deg. K/m
       Depth of layer above current conv.
       mixing height through which lapse     Default: 200.   ! DZZI = 200. !
       rate is computed (DZZI)               Units: meters

       Minimum overland mixing height        Default:  50.   ! ZIMIN = 50. !
       (ZIMIN)                               Units: meters
       Maximum overland mixing height        Default: 3000.  ! ZIMAX = 3000. !
       (ZIMAX)                               Units: meters
       Minimum overwater mixing height       Default:   50.  ! ZIMINW = 50. !
       (ZIMINW) -- (Not used if observed     Units: meters
       overwater mixing hts. are used)
       Maximum overwater mixing height       Default: 3000.  ! ZIMAXW = 3000. !
       (ZIMAXW) -- (Not used if observed     Units: meters
       overwater mixing hts. are used)

    OVERWATER SURFACE FLUXES METHOD and PARAMETERS
          (ICOARE)                           Default: 10      ! ICOARE =  10   !
           0: original deltaT method (OCD)
          10: COARE with no wave parameterization (jwave=0, Charnock)
          11: COARE with wave option jwave=1 (Oost et al.)
              and default wave properties
         -11: COARE with wave option jwave=1 (Oost et al.)
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              and observed wave properties (must be in SEA.DAT files)
          12: COARE with wave option 2 (Taylor and Yelland)
               and default wave properties
         -12: COARE with wave option 2 (Taylor and Yelland)
              and observed wave properties (must be in SEA.DAT files)

          Coastal/Shallow water length scale (DSHELF)
          (for modified z0 in shallow water)
          ( COARE fluxes only)
                                          Default : 0.        ! DSHELF = 0. !
                                          units: km

           COARE warm layer computation (IWARM)               ! IWARM =  0   !
           1: on - 0: off (must be off if SST measured with
           IR radiometer)                 Default: 0

           COARE cool skin layer computation (ICOOL)          ! ICOOL =  0   !
           1: on - 0: off (must be off if SST measured with
           IR radiometer)                 Default: 0

    TEMPERATURE PARAMETERS

       3D temperature from observations or
       from prognostic data? (ITPROG)        Default:0        ! ITPROG =  0   !

          0 = Use Surface and upper air stations
              (only if NOOBS = 0)
          1 = Use Surface stations (no upper air observations)
              Use MM5/3D for upper air data
              (only if NOOBS = 0,1)
          2 = No surface or upper air observations
              Use MM5/3D for surface and upper air data
              (only if NOOBS = 0,1,2)

       Interpolation type
       (1 = 1/R ; 2 = 1/R**2)                Default:1         ! IRAD =  1  !

       Radius of influence for temperature
       interpolation (TRADKM)                Default: 500.     ! TRADKM = 500. !
                                             Units: km

       Maximum Number of stations to include
       in temperature interpolation (NUMTS)  Default: 5        ! NUMTS = 5  !

       Conduct spatial averaging of temp-
       eratures (IAVET)  (0=no, 1=yes)       Default: 1        ! IAVET =  1  !
       (will use mixing ht MNMDAV,HAFANG
        so make sure they are correct)

       Default temperature gradient          Default: -.0098   ! TGDEFB = -0.0098 !
       below the mixing height over          Units: K/m
       water (TGDEFB)

       Default temperature gradient          Default: -.0045   ! TGDEFA = -0.0045 !
       above the mixing height over          Units: K/m
       water (TGDEFA)

       Beginning (JWAT1) and ending (JWAT2)
       land use categories for temperature                    ! JWAT1 =  55  !
       interpolation over water -- Make                       ! JWAT2 =  55  !
       bigger than largest land use to disable
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   PRECIP INTERPOLATION PARAMETERS

       Method of interpolation (NFLAGP)      Default: 2       ! NFLAGP =  2  !
        (1=1/R,2=1/R**2,3=EXP/R**2)
       Radius of Influence  (SIGMAP)         Default: 100.0   ! SIGMAP = 100. !
        (0.0 => use half dist. btwn          Units: km
         nearest stns w & w/out
         precip when NFLAGP = 3)
       Minimum Precip. Rate Cutoff (CUTP)    Default: 0.01    ! CUTP = 0.01 !
        (values < CUTP = 0.0 mm/hr)          Units: mm/hr
!END!

-------------------------------------------------------------------------------

INPUT GROUP: 7 -- Surface meteorological station parameters
--------------

     SURFACE STATION VARIABLES
     (One record per station --  14  records in all)

             1     2
         Name   ID            X coord.   Y coord.   Time   Anem.
                               (km)       (km)      zone   Ht.(m)
       ----------------------------------------------------------
! SS1  ='724673 '    724673   192.80278       -56.76238     7    10  !
! SS2  ='724674 '    724674   56.92174        31.62788      7    10  !
! SS3  ='724676 '    724676   145.32097       -57.80018     7    10  !
! SS4  ='724765 '    724765   56.70552        -138.54949    7    10  !
! SS5  ='725700 '    725700   86.20102        83.75262      7    10  !
! SS6  ='725717 '    725717   71.60376        -23.75536     7    10  !
! SS7  ='724675 '    724675   140.12817       -9.82363      7    10  !
! SS8  ='724677 '    724677   140.99296       -133.81956    7    10  !
! SS9  ='724700 '    724700   -188.8634       -12.44502     7    10  !
! SS10 ='724760 '    724760     1.47001       -68.4891      7    10  !
! SS11 ='725645 '    725645   240.06771       177.8354      7    10  !
! SS12 ='725705 '    725705   -82.04296       76.26711      7    10  !
! SS13 ='725715 '    725715   113.01147       82.21655      7    10  !
! SS14 ='725775 '    725775   -208.02658      173.10017     7    10  !
-------------------
      1
        Four character string for station name
        (MUST START IN COLUMN 9)

      2
        Six digit integer for station ID

!END!

-------------------------------------------------------------------------------

INPUT GROUP: 8 -- Upper air meteorological station parameters
--------------

     UPPER AIR STATION VARIABLES
     (One record per station --  4  records in all)

             1     2
         Name    ID      X coord.   Y coord.  Time zone
                           (km)       (km)    
        -----------------------------------------------
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! US1  ='DEN '   23062     315.28071    7.92046    7  !
! US2  ='GJT '   23066     0.86481    -68.37819    7  !
! US3  ='RIV '   24061      7.42417    368.1962    7  !
! US4  ='SLC '   24127     -288.5512  119.63815    7  !
-------------------
      1
        Four character string for station name
        (MUST START IN COLUMN 9)

      2
        Five digit integer for station ID

!END!

-------------------------------------------------------------------------------

INPUT GROUP: 9 -- Precipitation station parameters
--------------

     PRECIPITATION STATION VARIABLES
     (One record per station --  36  records in all)
     (NOT INCLUDED IF NPSTA = 0)

            1          2
         Name   Station    X coord.  Y coord.
                  Code       (km)      (km)
         ------------------------------------

! PS1  = 'CO1  '    50183   256.70884       56.1285        !
! PS2  = 'CO2  '    50263   229.5102        -79.85819      !
! PS3  = 'CO3  '    50372   148.2995        -61.48177      !
! PS4  = 'CO4  '    51713   155.67749       -142.75635     !
! PS5  = 'CO5  '    51959   135.92498       -95.01483      !
! PS6  = 'CO6  '    52286   -35.44634       55.58926       !
! PS7  = 'CO7  '    53488   1.44147        -68.45247       !
! PS8  = 'CO8  '    53500   228.46256       51.52646       !
! PS9  = 'CO9  '    53553   326.70919       79.18088       !
! PS10 = 'CO10 '    53662   138.0568        -133.83537     !
! PS11 = 'CO11 '    54877   251.25467       5.96377        !
! PS12 = 'CO12 '    55484   49.79329        29.76524       !
! PS13 = 'CO13 '    55881   255.9722        35.73841       !
! PS14 = 'CO14 '    55982   186.6794        133.69069      !
! PS15 = 'CO15 '    56203   77.58938        -192.03023     !
! PS16 = 'CO16 '    57031   64.46906        -23.78176      !
! PS17 = 'CO17'     57296   239.41586       109.25644      !
! PS18 = 'CO18'     58064   188.42576       -53.2061       !
! PS19 = 'CO19'     59096   200.52609       34.08253       !
! PS20 = 'UT1 '    420336   -92.89923       -125.25084     !
! PS21 = 'UT2 '    421590   -218.95302      134.55839      !
! PS22 = 'UT3 '    422385   -242.68607      138.98915      !
! PS23 = 'UT4 '    422702   -245.60556      3.9294         !
! PS24 = 'UT5 '    423418   -138.61765      -83.86521      !
! PS25 = 'UT6 '    423611   -189.35866      -151.26663     !
! PS26 = 'UT7 '    425815   -165.11084      92.46276       !
! PS27 = 'UT8 '    426127   -128.48643      88.0516        !
! PS28 = 'UT9 '    426374   -226.63346      112.56558      !
! PS29 = 'UT10'    426648   -250.80103      105.92216      !
! PS30 = 'UT11'    427026   -194.63336      -14.18884      !
! PS31 = 'UT12'    427729   -227.26656      -4.03969       !
! PS32 = 'UT13'    427959   -216.47897      23.41197       !
! PS33 = 'WY1 '    483100   -201.12308      171.09745      !
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! PS34 = 'WY2 '    485420   244.28682       176.0823       !
! PS35 = 'WY3 '    486555   -148.02077      171.71351      !
! PS36 = 'WY4 '    486597   -30.70806       174.02033      !

-------------------
      1
        Four character string for station name
        (MUST START IN COLUMN 9)

      2
        Six digit station code composed of state
        code (first 2 digits) and station ID (last
        4 digits)

!END!

Page 18

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix D

D-20



 

 

 
 
 

APPENDIX E 

Sample CALPUFF Model Control File 

 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix E

E-1



 

 

[This page intentionally left blank.] 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix E

E-2



White River EIS   
---------------- Run title (3 lines) ------------------------------------------ 
 
                    CALPUFF MODEL CONTROL FILE 
                    -------------------------- 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 0 -- Input and Output File Names 
 
-------------- 
Default Name  Type          File Name 
------------  ----          --------- 
CALMET.DAT    input    ! METDAT =  ! 
    or 
ISCMET.DAT    input    * ISCDAT =             * 
    or 
PLMMET.DAT    input    * PLMDAT =             * 
    or 
PROFILE.DAT   input    * PRFDAT =             * 
SURFACE.DAT   input    * SFCDAT =             * 
RESTARTB.DAT  input    * RSTARTB= RESTARTE.DAT * 
-------------------------------------------------------------------------------- 
CALPUFF.LST   output   ! PUFLST =    ! 
CONC.DAT      output   ! CONDAT =    ! 
DFLX.DAT      output   ! DFDAT  =    ! 
WFLX.DAT      output   ! WFDAT  =    ! 
                                                   
VISB.DAT      output   ! VISDAT =    ! 
TK2D.DAT      output   * T2DDAT =             * 
RHO2D.DAT     output   * RHODAT =             * 
RESTARTE.DAT  output   * RSTARTE=  * 
-------------------------------------------------------------------------------- 
Emission Files 
-------------- 
PTEMARB.DAT   input    * PTDAT  =             * 
VOLEMARB.DAT  input    * VOLDAT =             * 
BAEMARB.DAT   input    * ARDAT  =             * 
LNEMARB.DAT   input    * LNDAT  =             * 
-------------------------------------------------------------------------------- 
Other Files 
----------- 
OZONE.DAT     input    ! OZDAT  = ! 
VD.DAT        input    * VDDAT  =             * 
CHEM.DAT      input    * CHEMDAT=             * 
H2O2.DAT      input    * H2O2DAT=             * 
HILL.DAT      input    * HILDAT=             * 
HILLRCT.DAT   input    * RCTDAT=             * 
COASTLN.DAT   input    * CSTDAT=             * 
FLUXBDY.DAT   input    * BDYDAT=             * 
BCON.DAT      input    * BCNDAT=             * 
DEBUG.DAT     output   * DEBUG =             * 
MASSFLX.DAT   output   * FLXDAT=             * 
MASSBAL.DAT   output   * BALDAT=             * 
FOG.DAT       output   * FOGDAT=             * 
-------------------------------------------------------------------------------- 
All file names will be converted to lower case if LCFILES = T 
Otherwise, if LCFILES = F, file names will be converted to UPPER CASE 
         T = lower case      ! LCFILES = F ! 
         F = UPPER CASE 
NOTE: (1) file/path names can be up to 70 characters in length 
 
 
Provision for multiple input files 
---------------------------------- 
 
     Number of CALMET.DAT files for run (NMETDAT) 
                                     Default: 1       ! NMETDAT =   12   ! 
 
     Number of PTEMARB.DAT files for run (NPTDAT) 
                                     Default: 0       ! NPTDAT =  0  ! 
 
     Number of BAEMARB.DAT files for run (NARDAT) 
                                     Default: 0       ! NARDAT =  0  ! 
 
     Number of VOLEMARB.DAT files for run (NVOLDAT) 
                                     Default: 0       ! NVOLDAT =  0  ! 
 
!END! 
 
------------- 
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Subgroup (0a) 
------------- 
 
  The following CALMET.DAT filenames are processed in sequence if NMETDAT>1 
 
Default Name  Type          File Name 
------------  ----          --------- 
 
                                      
-------------------------------------------------------------------------------- 
 
INPUT GROUP: 1 -- General run control parameters 
-------------- 
 
    Option to run all periods found 
    in the met. file     (METRUN)   Default: 0       ! METRUN =   0  ! 
 
         METRUN = 0 - Run period explicitly defined below 
         METRUN = 1 - Run all periods in met. file 
 
     Starting date:    Year   (IBYR)  --    No default   ! IBYR  =     ! 
                       Month  (IBMO)  --    No default   ! IBMO  =     ! 
                       Day    (IBDY)  --    No default   ! IBDY  =     ! 
     Starting time:    Hour   (IBHR)  --    No default   ! IBHR  =  0   ! 
                       Minute (IBMIN) --    No default   * IBMIN =  0   * 
                       Second (IBSEC) --    No default   * IBSEC =  0   * 
                                                                       
 
     (These are only used if METRUN = 0) 
 
     Base time zone        (XBTZ) -- No default       ! XBTZ= 7.0  ! 
     The zone is the number of hours that must be 
     ADDED to the time to obtain UTC (or GMT) 
     Examples: PST = 8., MST = 7. 
               CST = 6., EST = 5. 
 
     Length of modeling time-step (seconds) 
     Equal to update period in the primary 
     meteorological data files, or an 
     integer fraction of it (1/2, 1/3 ...) 
     Must be no larger than 1 hour 
     (NSECDT)                        Default:3600     * NSECDT =  3600  * 
                                     Units: seconds 
 
     Length of run (hours) (IRLG) -- No default       ! IRLG =    ! 
 
     Number of chemical species (NSPEC) 
                                     Default: 5       ! NSPEC =  10   ! 
 
     Number of chemical species 
     to be emitted  (NSE)            Default: 3       ! NSE =  8   ! 
 
     Flag to stop run after 
     SETUP phase (ITEST)             Default: 2       ! ITEST =  2   ! 
     (Used to allow checking 
     of the model inputs, files, etc.) 
           ITEST = 1 - STOPS program after SETUP phase 
           ITEST = 2 - Continues with execution of program 
                       after SETUP 
 
     Restart Configuration: 
 
        Control flag (MRESTART)      Default: 0       ! MRESTART =  2   ! 
 
           0 = Do not read or write a restart file 
           1 = Read a restart file at the beginning of 
               the run 
           2 = Write a restart file during run 
           3 = Read a restart file at beginning of run 
               and write a restart file during run 
 
        Number of periods in Restart 
        output cycle (NRESPD)        Default: 0       ! NRESPD =  10   ! 
 
           0 = File written only at last period 
          >0 = File updated every NRESPD periods 
 
     Meteorological Data Format (METFM) 
                                     Default: 1       ! METFM =  1   ! 
 
           METFM = 1 - CALMET binary file (CALMET.MET) 
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           METFM = 2 - ISC ASCII file (ISCMET.MET) 
           METFM = 3 - AUSPLUME ASCII file (PLMMET.MET) 
           METFM = 4 - CTDM plus tower file (PROFILE.DAT) and 
                       surface parameters file (SURFACE.DAT) 
           METFM = 5 - AERMET tower file (PROFILE.DAT) and 
                       surface parameters file (SURFACE.DAT) 
 
     Meteorological Profile Data Format (MPRFFM) 
            (used only for METFM = 1, 2, 3) 
                                     Default: 1       ! MPRFFM =  1   ! 
 
           MPRFFM = 1 - CTDM plus tower file (PROFILE.DAT) 
           MPRFFM = 2 - AERMET tower file (PROFILE.DAT) 
 
     PG sigma-y is adjusted by the factor (AVET/PGTIME)**0.2 
     Averaging Time (minutes) (AVET) 
                                     Default: 60.0    ! AVET = 60. ! 
     PG Averaging Time (minutes) (PGTIME) 
                                     Default: 60.0    ! PGTIME = 60. ! 
 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 2 -- Technical options 
-------------- 
 
 
     Vertical distribution used in the 
     near field (MGAUSS)                   Default: 1     ! MGAUSS =  1   ! 
        0 = uniform 
        1 = Gaussian 
 
     Terrain adjustment method 
     (MCTADJ)                              Default: 3     ! MCTADJ =  3   ! 
        0 = no adjustment 
        1 = ISC-type of terrain adjustment 
        2 = simple, CALPUFF-type of terrain 
            adjustment  
        3 = partial plume path adjustment 
 
     Subgrid-scale complex terrain 
     flag (MCTSG)                          Default: 0     ! MCTSG =  0   ! 
        0 = not modeled 
        1 = modeled 
 
     Near-field puffs modeled as 
     elongated slugs? (MSLUG)              Default: 0     ! MSLUG =  0   ! 
        0 = no 
        1 = yes (slug model used) 
 
     Transitional plume rise modeled? 
     (MTRANS)                              Default: 1     ! MTRANS =  1   ! 
        0 = no  (i.e., final rise only) 
        1 = yes (i.e., transitional rise computed) 
 
     Stack tip downwash? (MTIP)            Default: 1     ! MTIP =  1  ! 
        0 = no  (i.e., no stack tip downwash) 
        1 = yes (i.e., use stack tip downwash) 
 
     Method used to simulate building 
     downwash? (MBDW)                      Default: 1     ! MBDW =   1  ! 
        1 = ISC method 
        2 = PRIME method 
 
     Vertical wind shear modeled above 
     stack top? (MSHEAR)                   Default: 0     ! MSHEAR =  0  ! 
        0 = no  (i.e., vertical wind shear not modeled) 
        1 = yes (i.e., vertical wind shear modeled) 
 
     Puff splitting allowed? (MSPLIT)      Default: 0     ! MSPLIT =  0  ! 
        0 = no (i.e., puffs not split) 
        1 = yes (i.e., puffs are split) 
 
     Chemical mechanism flag (MCHEM)       Default: 1     ! MCHEM =  1   ! 
        0 = chemical transformation not 
            modeled 
        1 = transformation rates computed 
            internally (MESOPUFF II scheme) 
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        2 = user-specified transformation 
            rates used 
        3 = transformation rates computed 
            internally (RIVAD/ARM3 scheme) 
        4 = secondary organic aerosol formation 
            computed (MESOPUFF II scheme for OH) 
 
     Aqueous phase transformation flag (MAQCHEM) 
     (Used only if MCHEM = 1, or 3)        Default: 0     ! MAQCHEM =  0   ! 
        0 = aqueous phase transformation 
            not modeled 
        1 = transformation rates adjusted 
            for aqueous phase reactions 
 
     Wet removal modeled ? (MWET)          Default: 1     ! MWET =  1   ! 
        0 = no 
        1 = yes 
 
     Dry deposition modeled ? (MDRY)       Default: 1     ! MDRY =  1   ! 
        0 = no 
        1 = yes 
        (dry deposition method specified 
         for each species in Input Group 3) 
 
 
     Gravitational settling (plume tilt) 
     modeled ? (MTILT)                     Default: 0     ! MTILT =  0   ! 
        0 = no 
        1 = yes 
        (puff center falls at the gravitational 
         settling velocity for 1 particle species) 
 
     Restrictions: 
         - MDRY  = 1 
         - NSPEC = 1  (must be particle species as well) 
         - sg    = 0  GEOMETRIC STANDARD DEVIATION in Group 8 is 
                      set to zero for a single particle diameter 
 
     Method used to compute dispersion 
     coefficients (MDISP)                  Default: 3     ! MDISP =  3   ! 
 
        1 = dispersion coefficients computed from measured values 
            of turbulence, sigma v, sigma w 
        2 = dispersion coefficients from internally calculated  
            sigma v, sigma w using micrometeorological variables 
            (u*, w*, L, etc.) 
        3 = PG dispersion coefficients for RURAL areas (computed using 
            the ISCST multi-segment approximation) and MP coefficients in 
            urban areas 
        4 = same as 3 except PG coefficients computed using 
            the MESOPUFF II eqns. 
        5 = CTDM sigmas used for stable and neutral conditions. 
            For unstable conditions, sigmas are computed as in 
            MDISP = 3, described above.  MDISP = 5 assumes that 
            measured values are read 
 
     Sigma-v/sigma-theta, sigma-w measurements used? (MTURBVW) 
     (Used only if MDISP = 1 or 5)         Default: 3     ! MTURBVW =  3  ! 
        1 = use sigma-v or sigma-theta measurements 
            from PROFILE.DAT to compute sigma-y 
            (valid for METFM = 1, 2, 3, 4, 5) 
        2 = use sigma-w measurements 
            from PROFILE.DAT to compute sigma-z 
            (valid for METFM = 1, 2, 3, 4, 5) 
        3 = use both sigma-(v/theta) and sigma-w 
            from PROFILE.DAT to compute sigma-y and sigma-z 
            (valid for METFM = 1, 2, 3, 4, 5) 
        4 = use sigma-theta measurements 
            from PLMMET.DAT to compute sigma-y 
            (valid only if METFM = 3) 
 
     Back-up method used to compute dispersion 
     when measured turbulence data are 
     missing (MDISP2)                      Default: 3     ! MDISP2 =  3  ! 
     (used only if MDISP = 1 or 5) 
        2 = dispersion coefficients from internally calculated  
            sigma v, sigma w using micrometeorological variables 
            (u*, w*, L, etc.) 
        3 = PG dispersion coefficients for RURAL areas (computed using 
            the ISCST multi-segment approximation) and MP coefficients in 
            urban areas 
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        4 = same as 3 except PG coefficients computed using 
            the MESOPUFF II eqns. 
 
     [DIAGNOSTIC FEATURE] 
     Method used for Lagrangian timescale for Sigma-y 
     (used only if MDISP=1,2 or MDISP2=1,2) 
     (MTAULY)                              Default: 0     ! MTAULY =  0  ! 
        0 = Draxler default 617.284 (s) 
        1 = Computed as Lag. Length / (.75 q) -- after SCIPUFF 
       10 < Direct user input (s)             -- e.g., 306.9 
 
 
     [DIAGNOSTIC FEATURE] 
     Method used for Advective-Decay timescale for Turbulence 
     (used only if MDISP=2 or MDISP2=2) 
     (MTAUADV)                             Default: 0     ! MTAUADV =  0  ! 
        0 = No turbulence advection 
        1 = Computed (OPTION NOT IMPLEMENTED) 
       10 < Direct user input (s)   -- e.g., 300 
 
 
     Method used to compute turbulence sigma-v & 
     sigma-w using micrometeorological variables 
     (Used only if MDISP = 2 or MDISP2 = 2) 
     (MCTURB)                              Default: 1     ! MCTURB =  1  ! 
        1 = Standard CALPUFF subroutines 
        2 = AERMOD subroutines 
 
     PG sigma-y,z adj. for roughness?      Default: 0     ! MROUGH =  0  ! 
     (MROUGH) 
        0 = no 
        1 = yes 
 
     Partial plume penetration of          Default: 1     ! MPARTL =  1  ! 
     elevated inversion? 
     (MPARTL) 
        0 = no 
        1 = yes 
 
     Strength of temperature inversion     Default: 0     ! MTINV =  0  ! 
     provided in PROFILE.DAT extended records? 
     (MTINV) 
        0 = no (computed from measured/default gradients) 
        1 = yes 
 
     PDF used for dispersion under convective conditions? 
                                           Default: 0     ! MPDF =  0  ! 
     (MPDF) 
        0 = no 
        1 = yes 
 
     Sub-Grid TIBL module used for shore line? 
                                           Default: 0     ! MSGTIBL = 0  ! 
     (MSGTIBL) 
        0 = no 
        1 = yes 
 
     Boundary conditions (concentration) modeled? 
                                           Default: 0     ! MBCON = 0  ! 
     (MBCON) 
        0 = no 
        1 = yes, using formatted BCON.DAT file 
        2 = yes, using unformatted CONC.DAT file 
 
     Note:  MBCON > 0 requires that the last species modeled 
            be 'BCON'.  Mass is placed in species BCON when 
            generating boundary condition puffs so that clean 
            air entering the modeling domain can be simulated 
            in the same way as polluted air.  Specify zero 
            emission of species BCON for all regular sources. 
 
     Individual source contributions saved? 
                                           Default: 0     ! MSOURCE = 0  ! 
     (MSOURCE) 
        0 = no 
        1 = yes 
 
 
     Analyses of fogging and icing impacts due to emissions from 
     arrays of mechanically-forced cooling towers can be performed 
     using CALPUFF in conjunction with a cooling tower emissions 
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     processor (CTEMISS) and its associated postprocessors.  Hourly 
     emissions of water vapor and temperature from each cooling tower 
     cell are computed for the current cell configuration and ambient 
     conditions by CTEMISS. CALPUFF models the dispersion of these 
     emissions and provides cloud information in a specialized format 
     for further analysis. Output to FOG.DAT is provided in either 
     'plume mode' or 'receptor mode' format. 
 
     Configure for FOG Model output? 
                                           Default: 0     ! MFOG =  0   ! 
     (MFOG) 
        0 = no 
        1 = yes  - report results in PLUME Mode format 
        2 = yes  - report results in RECEPTOR Mode format 
 
 
     Test options specified to see if 
     they conform to regulatory 
     values? (MREG)                        Default: 1     ! MREG =  0   ! 
 
        0 = NO checks are made 
        1 = Technical options must conform to USEPA 
            Long Range Transport (LRT) guidance 
                       METFM    1 or 2 
                       AVET     60. (min) 
                       PGTIME   60. (min) 
                       MGAUSS   1 
                       MCTADJ   3 
                       MTRANS   1 
                       MTIP     1 
                       MCHEM    1 or 3 (if modeling SOx, NOx) 
                       MWET     1 
                       MDRY     1 
                       MDISP    2 or 3 
                       MPDF     0 if MDISP=3 
                                1 if MDISP=2 
                       MROUGH   0 
                       MPARTL   1 
                       SYTDEP   550. (m) 
                       MHFTSZ   0 
 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 3a, 3b -- Species list 
------------------- 
 
------------ 
Subgroup (3a) 
------------ 
 
  The following species are modeled: 
 
! CSPEC =          SO2 !         !END! 
! CSPEC =          SO4 !         !END! 
! CSPEC =          NOX !         !END! 
! CSPEC =         HNO3 !         !END! 
! CSPEC =          NO3 !         !END! 
! CSPEC =          PMC !         !END! 
! CSPEC =          PMF !         !END! 
! CSPEC =           EC !         !END! 
! CSPEC =           OC !         !END! 
! CSPEC =         SOIL !         !END! 
                                                       Dry                OUTPUT GROUP 
    SPECIES          MODELED          EMITTED       DEPOSITED                NUMBER 
     NAME         (0=NO, 1=YES)    (0=NO, 1=YES)    (0=NO,                 (0=NONE, 
   (Limit: 12                                        1=COMPUTED-GAS        1=1st CGRUP, 
    Characters                                       2=COMPUTED-PARTICLE   2=2nd CGRUP, 
    in length)                                       3=USER-SPECIFIED)     3= etc.) 
 
!          SO2  =         1,               1,           1,                 0   ! 
!          SO4  =         1,               1,           2,                 0   ! 
!          NOX  =         1,               1,           1,                 0   ! 
!         HNO3  =         1,               0,           1,                 0   ! 
!          NO3  =         1,               0,           2,                 0   ! 
!          PMC  =         1,               1,           2,                 0   ! 
!          PMF  =         1,               1,           2,                 0   ! 
!           EC  =         1,               1,           2,                 0   ! 
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!           OC  =         1,               1,           2,                 0   ! 
!         SOIL  =         1,               1,           2,                 0   ! 
    !END! 
 
  Note:  The last species in (3a) must be 'BCON' when using the 
         boundary condition option (MBCON > 0).  Species BCON should 
         typically be modeled as inert (no chem transformation or 
         removal). 
 
 
------------- 
Subgroup (3b) 
------------- 
  The following names are used for Species-Groups in which results 
  for certain species are combined (added) prior to output.  The 
  CGRUP name will be used as the species name in output files. 
  Use this feature to model specific particle-size distributions 
  by treating each size-range as a separate species. 
  Order must be consistent with 3(a) above. 
 
* CGRUP = PM10 *  *END* 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 4 -- Map Projection and Grid control parameters 
-------------- 
 
     Projection for all (X,Y): 
     ------------------------- 
 
     Map projection 
     (PMAP)                     Default: UTM    ! PMAP = LCC  ! 
 
         UTM :  Universal Transverse Mercator 
         TTM :  Tangential Transverse Mercator 
         LCC :  Lambert Conformal Conic 
          PS :  Polar Stereographic 
          EM :  Equatorial Mercator 
        LAZA :  Lambert Azimuthal Equal Area 
 
     False Easting and Northing (km) at the projection origin 
     (Used only if PMAP= TTM, LCC, or LAZA) 
     (FEAST)                    Default=0.0     ! FEAST  = 0.000  ! 
     (FNORTH)                   Default=0.0     ! FNORTH = 0.000  ! 
 
     UTM zone (1 to 60) 
     (Used only if PMAP=UTM) 
     (IUTMZN)                   No Default      ! IUTMZN =  0   ! 
 
     Hemisphere for UTM projection? 
     (Used only if PMAP=UTM) 
     (UTMHEM)                   Default: N      ! UTMHEM = N  ! 
         N   :  Northern hemisphere projection 
         S   :  Southern hemisphere projection 
 
     Latitude and Longitude (decimal degrees) of projection origin 
     (Used only if PMAP= TTM, LCC, PS, EM, or LAZA) 
     (RLAT0)                    No Default      ! RLAT0 = 39.75N  ! 
     (RLON0)                    No Default      ! RLON0 = 108.55W  ! 
 
         TTM :  RLON0 identifies central (true N/S) meridian of projection 
                RLAT0 selected for convenience 
         LCC :  RLON0 identifies central (true N/S) meridian of projection 
                RLAT0 selected for convenience 
         PS  :  RLON0 identifies central (grid N/S) meridian of projection 
                RLAT0 selected for convenience 
         EM  :  RLON0 identifies central meridian of projection 
                RLAT0 is REPLACED by 0.0N (Equator) 
         LAZA:  RLON0 identifies longitude of tangent-point of mapping plane 
                RLAT0 identifies latitude of tangent-point of mapping plane 
 
     Matching parallel(s) of latitude (decimal degrees) for projection 
     (Used only if PMAP= LCC or PS) 
     (XLAT1)                    No Default      ! XLAT1 = 38.65N  ! 
     (XLAT2)                    No Default      ! XLAT2 = 40.85N  ! 
 
         LCC :  Projection cone slices through Earth's surface at XLAT1 and XLAT2 
         PS  :  Projection plane slices through Earth at XLAT1 
                (XLAT2 is not used) 
 
     ---------- 
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     Note:  Latitudes and longitudes should be positive, and include a 
            letter N,S,E, or W indicating north or south latitude, and 
            east or west longitude.  For example, 
            35.9  N Latitude  =  35.9N 
            118.7 E Longitude = 118.7E 
 
 
     Datum-region 
     ------------ 
 
     The Datum-Region for the coordinates is identified by a character 
     string.  Many mapping products currently available use the model of the 
     Earth known as the World Geodetic System 1984 (WGS-84).  Other local 
     models may be in use, and their selection in CALMET will make its output 
     consistent with local mapping products.  The list of Datum-Regions with 
     official transformation parameters is provided by the National Imagery and 
     Mapping Agency (NIMA). 
 
     NIMA Datum - Regions(Examples) 
     ------------------------------------------------------------------------------ 
     WGS-84    WGS-84 Reference Ellipsoid and Geoid, Global coverage (WGS84) 
     NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27) 
     NAR-C     NORTH AMERICAN 1983 GRS 80 Spheroid, MEAN FOR CONUS (NAD83) 
     NWS-84    NWS 6370KM Radius, Sphere 
     ESR-S     ESRI REFERENCE 6371KM Radius, Sphere 
 
     Datum-region for output coordinates 
     (DATUM)                    Default: WGS-84    ! DATUM = NAS-C  ! 
 
 
METEOROLOGICAL Grid: 
 
     Rectangular grid defined for projection PMAP, 
     with X the Easting and Y the Northing coordinate 
 
            No. X grid cells (NX)      No default     ! NX =  176   ! 
            No. Y grid cells (NY)      No default     ! NY =  127   ! 
         No. vertical layers (NZ)      No default     ! NZ =  10   ! 
 
           Grid spacing (DGRIDKM)      No default     ! DGRIDKM = 3 ! 
                                       Units: km 
 
                Cell face heights 
                    (ZFACE(nz+1))      No defaults 
                                       Units: m 
   ! ZFACE = 0.0, 20.0, 40.0, 80.0, 160.0, 300.0, 600.0, 1000.0, 1500.0, 2200.0, 3500.0 ! 
 
            Reference Coordinates 
           of SOUTHWEST corner of 
                 grid cell(1, 1): 
 
            X coordinate (XORIGKM)     No default     ! XORIGKM = -267.54 ! 
            Y coordinate (YORIGKM)     No default     ! YORIGKM = -178.61 ! 
                                      Units: km 
 
 
COMPUTATIONAL Grid: 
 
     The computational grid is identical to or a subset of the MET. grid. 
     The lower left (LL) corner of the computational grid is at grid point 
     (IBCOMP, JBCOMP) of the MET. grid.  The upper right (UR) corner of the 
     computational grid is at grid point (IECOMP, JECOMP) of the MET. grid. 
     The grid spacing of the computational grid is the same as the MET. grid. 
 
        X index of LL corner (IBCOMP)      No default     ! IBCOMP =  1   ! 
                  (1 <= IBCOMP <= NX) 
 
        Y index of LL corner (JBCOMP)      No default     ! JBCOMP =  1   ! 
                  (1 <= JBCOMP <= NY) 
 
 
        X index of UR corner (IECOMP)      No default     ! IECOMP =  176   ! 
                  (1 <= IECOMP <= NX) 
 
        Y index of UR corner (JECOMP)      No default     ! JECOMP =  127   ! 
                  (1 <= JECOMP <= NY) 
 
 
 
SAMPLING Grid (GRIDDED RECEPTORS): 
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     The lower left (LL) corner of the sampling grid is at grid point 
     (IBSAMP, JBSAMP) of the MET. grid.  The upper right (UR) corner of the 
     sampling grid is at grid point (IESAMP, JESAMP) of the MET. grid. 
     The sampling grid must be identical to or a subset of the computational 
     grid.  It may be a nested grid inside the computational grid. 
     The grid spacing of the sampling grid is DGRIDKM/MESHDN. 
 
        Logical flag indicating if gridded 
        receptors are used (LSAMP)         Default: T     ! LSAMP = F ! 
        (T=yes, F=no) 
 
        X index of LL corner (IBSAMP)      No default     ! IBSAMP =  0   ! 
         (IBCOMP <= IBSAMP <= IECOMP) 
 
        Y index of LL corner (JBSAMP)      No default     ! JBSAMP =  0   ! 
         (JBCOMP <= JBSAMP <= JECOMP) 
 
 
        X index of UR corner (IESAMP)      No default     ! IESAMP =  0   ! 
         (IBCOMP <= IESAMP <= IECOMP) 
 
        Y index of UR corner (JESAMP)      No default     ! JESAMP =  0   ! 
         (JBCOMP <= JESAMP <= JECOMP) 
 
 
       Nesting factor of the sampling 
        grid (MESHDN)                      Default: 1     ! MESHDN =  1  ! 
        (MESHDN is an integer >= 1) 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 5 -- Output Options 
-------------- 
                                             *                          * 
     FILE                       DEFAULT VALUE             VALUE THIS RUN 
     ----                       -------------             -------------- 
 
   Concentrations (ICON)              1                   !  ICON =  1   ! 
   Dry Fluxes (IDRY)                  1                   !  IDRY =  1   ! 
   Wet Fluxes (IWET)                  1                   !  IWET =  1   ! 
   2D Temperature (IT2D)              0                   !  IT2D =  0   ! 
   2D Density (IRHO)                  0                   !  IRHO =  0   ! 
   Relative Humidity (IVIS)           1                   !  IVIS =  1   ! 
    (relative humidity file is 
     required for visibility 
     analysis) 
   Use data compression option in output file? 
   (LCOMPRS)                           Default: T         ! LCOMPRS = T ! 
 
   * 
    0 = Do not create file, 1 = create file 
 
 
    QA PLOT FILE OUTPUT OPTION: 
 
       Create a standard series of output files (e.g. 
       locations of sources, receptors, grids ...) 
       suitable for plotting? 
       (IQAPLOT)                       Default: 1         !  IQAPLOT =  1   ! 
         0 = no 
         1 = yes 
 
    DIAGNOSTIC MASS FLUX OUTPUT OPTIONS: 
 
       Mass flux across specified boundaries 
       for selected species reported? 
       (IMFLX)                         Default: 0         ! IMFLX =  0  ! 
         0 = no 
         1 = yes (FLUXBDY.DAT and MASSFLX.DAT filenames 
                  are specified in Input Group 0) 
 
       Mass balance for each species 
       reported? 
       (IMBAL)                         Default: 0         ! IMBAL =  0  ! 
         0 = no 
         1 = yes (MASSBAL.DAT filename is 
              specified in Input Group 0) 
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    LINE PRINTER OUTPUT OPTIONS: 
 
       Print concentrations (ICPRT)    Default: 0         ! ICPRT =  0   ! 
       Print dry fluxes (IDPRT)        Default: 0         ! IDPRT =  0   ! 
       Print wet fluxes (IWPRT)        Default: 0         ! IWPRT =  0   ! 
       (0 = Do not print, 1 = Print) 
 
       Concentration print interval 
       (ICFRQ) in timesteps            Default: 1         ! ICFRQ =  1   ! 
       Dry flux print interval 
       (IDFRQ) in timesteps            Default: 1         ! IDFRQ =  1   ! 
       Wet flux print interval 
       (IWFRQ) in timesteps            Default: 1         ! IWFRQ =  1   ! 
 
       Units for Line Printer Output 
       (IPRTU)                         Default: 1         ! IPRTU =  3   ! 
                       for            for 
                  Concentration    Deposition 
           1 =       g/m**3         g/m**2/s 
           2 =      mg/m**3        mg/m**2/s 
           3 =      ug/m**3        ug/m**2/s 
           4 =      ng/m**3        ng/m**2/s 
           5 =     Odour Units 
 
       Messages tracking progress of run 
       written to the screen ? 
       (IMESG)                         Default: 2         ! IMESG =  2   ! 
         0 = no 
         1 = yes (advection step, puff ID) 
         2 = yes (YYYYJJJHH, # old puffs, # emitted puffs) 
 
 
     SPECIES (or GROUP for combined species) LIST FOR OUTPUT OPTIONS 
 
                 ---- CONCENTRATIONS ----   ------ DRY FLUXES ------   ------ WET FLUXES ------   -- 
MASS FLUX -- 
   SPECIES 
   /GROUP        PRINTED?  SAVED ON DISK?   PRINTED?  SAVED ON DISK?   PRINTED?  SAVED ON DISK?   SAVED 
ON DISK? 
   -------       ------------------------   ------------------------   ------------------------   -----
---------- 
!          SO2 =     0,           1,           0,           1,           0,           1,           0   
! 
!          SO4 =     0,           1,           0,           1,           0,           1,           0   
! 
!          NOX =     0,           1,           0,           1,           0,           1,           0   
! 
!         HNO3 =     0,           1,           0,           1,           0,           1,           0   
! 
!          NO3 =     0,           1,           0,           1,           0,           1,           0   
! 
!          PMC =     0,           1,           0,           1,           0,           1,           0   
! 
!          PMF =     0,           1,           0,           1,           0,           1,           0   
! 
!           EC =     0,           1,           0,           1,           0,           1,           0   
! 
!           OC =     0,           1,           0,           1,           0,           1,           0   
! 
!         SOIL =     0,           1,           0,           1,           0,           1,           0   
! 
*         PM10 =     0,           1,           0,           1,           0,           1,           0   
* 
 
  Note:  Species BCON (for MBCON > 0) does not need to be saved on disk. 
 
 
     OPTIONS FOR PRINTING "DEBUG" QUANTITIES (much output)    
 
       Logical for debug output 
       (LDEBUG)                                 Default: F     ! LDEBUG = F ! 
 
       First puff to track 
       (IPFDEB)                                 Default: 1     ! IPFDEB =  1  ! 
 
       Number of puffs to track 
       (NPFDEB)                                 Default: 1     ! NPFDEB =  1  ! 
 
       Met. period to start output 
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       (NN1)                                    Default: 1     ! NN1 =  1   ! 
 
       Met. period to end output 
       (NN2)                                    Default: 10    ! NN2 =  10  ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 6a, 6b, & 6c -- Subgrid scale complex terrain inputs 
------------------------- 
 
--------------- 
Subgroup (6a) 
--------------- 
       Number of terrain features (NHILL)       Default: 0     ! NHILL =  0   ! 
 
       Number of special complex terrain 
       receptors  (NCTREC)                      Default: 0     ! NCTREC =  0   ! 
 
       Terrain and CTSG Receptor data for  
       CTSG hills input in CTDM format ? 
       (MHILL)                                  No Default     ! MHILL =  2   ! 
       1 = Hill and Receptor data created 
           by CTDM processors & read from 
           HILL.DAT and HILLRCT.DAT files 
       2 = Hill data created by OPTHILL & 
           input below in Subgroup (6b); 
           Receptor data in Subgroup (6c) 
 
       Factor to convert horizontal dimensions  Default: 1.0   ! XHILL2M = 1.0 ! 
       to meters (MHILL=1) 
 
       Factor to convert vertical dimensions    Default: 1.0   ! ZHILL2M = 1.0 ! 
       to meters (MHILL=1) 
 
       X-origin of CTDM system relative to      No Default     ! XCTDMKM = 0 ! 
       CALPUFF coordinate system, in Kilometers (MHILL=1) 
 
       Y-origin of CTDM system relative to      No Default     ! YCTDMKM = 0 ! 
       CALPUFF coordinate system, in Kilometers (MHILL=1) 
 
! END ! 
 
--------------- 
Subgroup (6b) 
--------------- 
 
                      1 ** 
     HILL information 
 
 
HILL           XC        YC       THETAH  ZGRID  RELIEF    EXPO 1    EXPO 2   SCALE 1    SCALE 2    
AMAX1     AMAX2 
 NO.          (km)      (km)      (deg.)   (m)     (m)      (m)       (m)       (m)        (m)       
(m)       (m) 
----          ----      ----      ------  -----  ------    ------    ------   -------    -------    ---
--     ----- 
 
--------------- 
Subgroup (6c) 
--------------- 
 
    COMPLEX TERRAIN RECEPTOR INFORMATION 
 
                      XRCT         YRCT        ZRCT          XHH 
                      (km)         (km)         (m) 
                     ------        -----      ------         ---- 
 
 
------------------- 
1 
     Description of Complex Terrain Variables: 
          XC, YC  = Coordinates of center of hill 
          THETAH  = Orientation of major axis of hill (clockwise from 
                    North) 
          ZGRID   = Height of the  0  of the grid above mean sea 
                    level 
          RELIEF  = Height of the crest of the hill above the grid elevation 
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          EXPO 1  = Hill-shape exponent for the major axis 
          EXPO 2  = Hill-shape exponent for the major axis 
          SCALE 1 = Horizontal length scale along the major axis 
          SCALE 2 = Horizontal length scale along the minor axis 
          AMAX    = Maximum allowed axis length for the major axis 
          BMAX    = Maximum allowed axis length for the major axis 
 
          XRCT, YRCT = Coordinates of the complex terrain receptors 
          ZRCT    = Height of the ground (MSL) at the complex terrain 
                    Receptor 
          XHH     = Hill number associated with each complex terrain receptor 
                    (NOTE: MUST BE ENTERED AS A REAL NUMBER) 
 
   ** 
     NOTE: DATA for each hill and CTSG receptor are treated as a separate 
           input subgroup and therefore must end with an input group terminator. 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 7 -- Chemical parameters for dry deposition of gases 
-------------- 
 
      SPECIES     DIFFUSIVITY      ALPHA STAR      REACTIVITY    MESOPHYLL RESISTANCE     HENRY'S LAW 
COEFFICIENT 
       NAME        (cm**2/s)                                            (s/cm)                
(dimensionless) 
      -------     -----------      ----------      ----------    --------------------     -------------
---------- 
 
!          SO2 =      .1509,        1000.0,           8.0,                .0,                   .04 ! 
!          NOX =      .1656,           1.0,           8.0,               5.0,                   3.5 ! 
!         HNO3 =      .1628,           1.0,          18.0,                .0,              .0000001 ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 8 -- Size parameters for dry deposition of particles 
-------------- 
 
     For SINGLE SPECIES, the mean and standard deviation are used to 
     compute a deposition velocity for NINT (see group 9) size-ranges, 
     and these are then averaged to obtain a mean deposition velocity. 
 
     For GROUPED SPECIES, the size distribution should be explicitly 
     specified (by the 'species' in the group), and the standard deviation 
     for each should be entered as 0.  The model will then use the 
     deposition velocity for the stated mean diameter. 
 
      SPECIES      GEOMETRIC MASS MEAN        GEOMETRIC STANDARD 
       NAME             DIAMETER                   DEVIATION 
                        (microns)                  (microns) 
      -------      -------------------        ------------------ 
!          SO4 =           .48,                     2.0   ! 
!          NO3 =           .48,                     2.0   ! 
!          PMC =           7.0,                     2.0   ! 
!          PMF =           .48,                     2.0   ! 
!           EC =           .48,                     2.0   ! 
!           OC =           .48,                     2.0   ! 
!         SOIL =           .48,                     2.0   ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 9 -- Miscellaneous dry deposition parameters 
-------------- 
 
     Reference cuticle resistance (s/cm) 
     (RCUTR)                           Default: 30    !  RCUTR = 30.0 ! 
     Reference ground resistance  (s/cm) 
     (RGR)                             Default: 10    !    RGR = 10.0 ! 
     Reference pollutant reactivity 
     (REACTR)                          Default: 8     ! REACTR = 8.0 ! 
 
     Number of particle-size intervals used to  
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     evaluate effective particle deposition velocity 
     (NINT)                            Default: 9     !   NINT =  9  ! 
 
     Vegetation state in unirrigated areas 
     (IVEG)                            Default: 1     !   IVEG =  1   ! 
        IVEG=1 for active and unstressed vegetation 
        IVEG=2 for active and stressed vegetation 
        IVEG=3 for inactive vegetation 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 10 -- Wet Deposition Parameters 
--------------- 
 
                                                           
                      Scavenging Coefficient -- Units: (sec)**(-1) 
 
       Pollutant      Liquid Precip.       Frozen Precip. 
       ---------      --------------       -------------- 
!          SO2 =         3.0E-05,              0.0E00 ! 
!          SO4 =         1.0E-04,             3.0E-05 ! 
!         HNO3 =         6.0E-05,              0.0E00 ! 
!          NO3 =         1.0E-04,             3.0E-05 ! 
!          PMC =         1.0E-04,             3.0E-05 ! 
!          PMF =         1.0E-04,             3.0E-05 ! 
!           EC =         1.0E-04,             3.0E-05 ! 
!           OC =         1.0E-04,             3.0E-05 ! 
!         SOIL =         1.0E-04,             3.0E-05 ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 11 -- Chemistry Parameters 
--------------- 
 
     Ozone data input option (MOZ)     Default: 1            ! MOZ =  1   ! 
     (Used only if MCHEM = 1, 3, or 4) 
        0 = use a monthly background ozone value 
        1 = read hourly ozone concentrations from 
            the OZONE.DAT data file 
 
     Monthly ozone concentrations 
     (Used only if MCHEM = 1, 3, or 4 and  
      MOZ = 0 or MOZ = 1 and all hourly O3 data missing) 
     (BCKO3) in ppb                    Default: 12*80. 
     !  BCKO3 = 60.0, 60.0, 60.0, 60.0, 60.0, 60.0, 60.0, 60.0, 60.0, 60.0, 60.0, 60.0 ! 
 
     Monthly ammonia concentrations 
     (Used only if MCHEM = 1, or 3) 
     (BCKNH3) in ppb                   Default: 12*10.        
     !  BCKNH3 = 1.0, 1.0, 1.0, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0, 1.0, 1.0, 1.0 ! 
 
     Nighttime SO2 loss rate (RNITE1) 
     in percent/hour                   Default: 0.2          ! RNITE1 = .2 ! 
 
     Nighttime NOx loss rate (RNITE2) 
     in percent/hour                   Default: 2.0          ! RNITE2 = 2.0 ! 
 
     Nighttime HNO3 formation rate (RNITE3) 
     in percent/hour                   Default: 2.0          ! RNITE3 = 2.0 ! 
 
     H2O2 data input option (MH2O2)    Default: 1            ! MH2O2 =  1   ! 
     (Used only if MAQCHEM = 1) 
        0 = use a monthly background H2O2 value 
        1 = read hourly H2O2 concentrations from 
            the H2O2.DAT data file 
 
     Monthly H2O2 concentrations 
     (Used only if MQACHEM = 1 and 
      MH2O2 = 0 or MH2O2 = 1 and all hourly H2O2 data missing) 
     (BCKH2O2) in ppb                  Default: 12*1.         
     !  BCKH2O2 = 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00 ! 
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 --- Data for SECONDARY ORGANIC AEROSOL (SOA) Option 
     (used only if MCHEM = 4) 
 
     The SOA module uses monthly values of: 
          Fine particulate concentration in ug/m^3 (BCKPMF) 
          Organic fraction of fine particulate     (OFRAC) 
          VOC / NOX ratio (after reaction)         (VCNX) 
     to characterize the air mass when computing 
     the formation of SOA from VOC emissions. 
     Typical values for several distinct air mass types are: 
 
        Month    1    2    3    4    5    6    7    8    9   10   11   12 
                Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 
 
     Clean Continental 
        BCKPMF   1.   1.   1.   1.   1.   1.   1.   1.   1.   1.   1.   1. 
        OFRAC  .15  .15  .20  .20  .20  .20  .20  .20  .20  .20  .20  .15 
        VCNX    50.  50.  50.  50.  50.  50.  50.  50.  50.  50.  50.  50. 
 
     Clean Marine (surface) 
        BCKPMF  .5   .5   .5   .5   .5   .5   .5   .5   .5   .5   .5   .5 
        OFRAC  .25  .25  .30  .30  .30  .30  .30  .30  .30  .30  .30  .25 
        VCNX    50.  50.  50.  50.  50.  50.  50.  50.  50.  50.  50.  50. 
 
     Urban - low biogenic (controls present) 
        BCKPMF  30.  30.  30.  30.  30.  30.  30.  30.  30.  30.  30.  30. 
        OFRAC  .20  .20  .25  .25  .25  .25  .25  .25  .20  .20  .20  .20 
        VCNX     4.   4.   4.   4.   4.   4.   4.   4.   4.   4.   4.   4. 
 
     Urban - high biogenic (controls present) 
        BCKPMF  60.  60.  60.  60.  60.  60.  60.  60.  60.  60.  60.  60. 
        OFRAC  .25  .25  .30  .30  .30  .55  .55  .55  .35  .35  .35  .25 
        VCNX    15.  15.  15.  15.  15.  15.  15.  15.  15.  15.  15.  15. 
 
     Regional Plume 
        BCKPMF  20.  20.  20.  20.  20.  20.  20.  20.  20.  20.  20.  20. 
        OFRAC  .20  .20  .25  .35  .25  .40  .40  .40  .30  .30  .30  .20 
        VCNX    15.  15.  15.  15.  15.  15.  15.  15.  15.  15.  15.  15. 
 
     Urban - no controls present 
        BCKPMF 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
        OFRAC  .30  .30  .35  .35  .35  .55  .55  .55  .35  .35  .35  .30 
        VCNX     2.   2.   2.   2.   2.   2.   2.   2.   2.   2.   2.   2. 
 
     Default: Clean Continental 
     !  BCKPMF = 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00 ! 
     !  OFRAC  = 0.15, 0.15, 0.20, 0.20, 0.20, 0.20, 0.20, 0.20, 0.20, 0.20, 0.20, 0.15 ! 
     !  VCNX   = 50.00, 50.00, 50.00, 50.00, 50.00, 50.00, 50.00, 50.00, 50.00, 50.00, 50.00, 50.00 ! 
 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUP: 12 -- Misc. Dispersion and Computational Parameters 
--------------- 
 
     Horizontal size of puff (m) beyond which 
     time-dependent dispersion equations (Heffter) 
     are used to determine sigma-y and 
     sigma-z (SYTDEP)                           Default: 550.   ! SYTDEP = 5.5E02 ! 
 
     Switch for using Heffter equation for sigma z            
     as above (0 = Not use Heffter; 1 = use Heffter 
     (MHFTSZ)                                   Default: 0      ! MHFTSZ =  0   ! 
 
     Stability class used to determine plume 
     growth rates for puffs above the boundary 
     layer (JSUP)                               Default: 5      ! JSUP =  5   ! 
 
     Vertical dispersion constant for stable 
     conditions (k1 in Eqn. 2.7-3)  (CONK1)     Default: 0.01   ! CONK1 = .01 ! 
 
     Vertical dispersion constant for neutral/ 
     unstable conditions (k2 in Eqn. 2.7-4) 
     (CONK2)                                    Default: 0.1    ! CONK2 = .1 ! 
 
     Factor for determining Transition-point from 
     Schulman-Scire to Huber-Snyder Building Downwash 
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     scheme (SS used for Hs < Hb + TBD * HL) 
     (TBD)                                      Default: 0.5    ! TBD = .5 ! 
        TBD < 0   ==> always use Huber-Snyder 
        TBD = 1.5 ==> always use Schulman-Scire 
        TBD = 0.5 ==> ISC Transition-point 
 
     Range of land use categories for which 
     urban dispersion is assumed 
     (IURB1, IURB2)                             Default: 10     ! IURB1 =  10  ! 
                                                         19     ! IURB2 =  19  ! 
 
     Site characterization parameters for single-point Met data files --------- 
     (needed for METFM = 2,3,4,5) 
 
        Land use category for modeling domain 
        (ILANDUIN)                              Default: 20     ! ILANDUIN =  20  ! 
 
        Roughness length (m) for modeling domain 
        (Z0IN)                                  Default: 0.25   ! Z0IN = 0.15 ! 
 
        Leaf area index for modeling domain 
        (XLAIIN)                                Default: 3.0    ! XLAIIN = 3.0 ! 
 
        Elevation above sea level (m) 
        (ELEVIN)                                Default: 0.0    ! ELEVIN = 1881.0 ! 
 
        Latitude (degrees) for met location 
        (XLATIN)                                Default: -999.  ! XLATIN = 38.817 ! 
 
        Longitude (degrees) for met location 
        (XLONIN)                                Default: -999.  ! XLONIN = -104.717 ! 
 
     Specialized information for interpreting single-point Met data files ----- 
 
        Anemometer height (m) (Used only if METFM = 2,3) 
        (ANEMHT)                                Default: 10.    ! ANEMHT = 10.0 ! 
 
        Form of lateral turbulance data in PROFILE.DAT file 
        (Used only if METFM = 4,5 or MTURBVW = 1 or 3) 
        (ISIGMAV)                               Default: 1      ! ISIGMAV =  1  ! 
            0 = read sigma-theta 
            1 = read sigma-v 
 
        Choice of mixing heights (Used only if METFM = 4) 
        (IMIXCTDM)                              Default: 0      ! IMIXCTDM =  0  ! 
            0 = read PREDICTED mixing heights 
            1 = read OBSERVED mixing heights 
 
     Maximum length of a slug (met. grid units) 
     (XMXLEN)                                   Default: 1.0    ! XMXLEN = 1.0 ! 
 
     Maximum travel distance of a puff/slug (in 
     grid units) during one sampling step 
     (XSAMLEN)                                  Default: 1.0    ! XSAMLEN = 1.0 ! 
 
     Maximum Number of slugs/puffs release from 
     one source during one time step             
     (MXNEW)                                    Default: 99     ! MXNEW =  99   ! 
 
     Maximum Number of sampling steps for     
     one puff/slug during one time step              
     (MXSAM)                                    Default: 99     ! MXSAM =  99   ! 
 
     Number of iterations used when computing 
     the transport wind for a sampling step 
     that includes gradual rise (for CALMET 
     and PROFILE winds) 
     (NCOUNT)                                   Default: 2      ! NCOUNT =  2   ! 
 
     Minimum sigma y for a new puff/slug (m)       
     (SYMIN)                                    Default: 1.0    ! SYMIN = 1.0  ! 
 
     Minimum sigma z for a new puff/slug (m)      
     (SZMIN)                                    Default: 1.0    ! SZMIN = 1.0  ! 
 
     Default minimum turbulence velocities sigma-v and sigma-w 
     for each stability class over land and over water (m/s) 
     (SVMIN(12) and SWMIN(12)) 
 
                     ----------  LAND  ----------       ---------  WATER  ---------- 
        Stab Class :  A    B    C    D    E    F         A    B    C    D    E    F 
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                     ---  ---  ---  ---  ---  ---       ---  ---  ---  ---  ---  --- 
     Default SVMIN : .50, .50, .50, .50, .50, .50,      .37, .37, .37, .37, .37, .37 
     Default SWMIN : .20, .12, .08, .06, .03, .016,     .20, .12, .08, .06, .03, .016 
 
           ! SVMIN = 0.500, 0.500, 0.500, 0.500, 0.500, 0.500, 0.370, 0.370, 0.370, 0.370, 0.370, 
0.370! 
           ! SWMIN = 0.200, 0.120, 0.080, 0.060, 0.030, 0.016, 0.200, 0.120, 0.080, 0.060, 0.030, 
0.016! 
 
     Divergence criterion for dw/dz across puff 
     used to initiate adjustment for horizontal 
     convergence (1/s) 
     Partial adjustment starts at CDIV(1), and 
     full adjustment is reached at CDIV(2) 
     (CDIV(2))                                  Default: 0.0,0.0  ! CDIV = .0, .0 ! 
 
     Minimum wind speed (m/s) allowed for 
     non-calm conditions. Also used as minimum 
     speed returned when using power-law  
     extrapolation toward surface 
     (WSCALM)                                   Default: 0.5    ! WSCALM = .5 ! 
 
     Maximum mixing height (m)                       
     (XMAXZI)                                   Default: 3000.  ! XMAXZI = 5000.0 ! 
 
     Minimum mixing height (m)                      
     (XMINZI)                                   Default: 50.    ! XMINZI = 50.0 ! 
 
     Default wind speed classes -- 
     5 upper bounds (m/s) are entered; 
     the 6th class has no upper limit 
     (WSCAT(5))                      Default   :  
                                     ISC RURAL : 1.54, 3.09, 5.14, 8.23, 10.8 (10.8+) 
 
                              Wind Speed Class :  1     2     3     4     5   
                                                 ---   ---   ---   ---   ---  
                                       ! WSCAT = 1.54, 3.09, 5.14, 8.23, 10.80 ! 
 
     Default wind speed profile power-law 
     exponents for stabilities 1-6 
     (PLX0(6))                       Default   : ISC RURAL values 
                                     ISC RURAL : .07, .07, .10, .15, .35, .55 
                                     ISC URBAN : .15, .15, .20, .25, .30, .30 
 
                               Stability Class :  A     B     C     D     E     F 
                                                 ---   ---   ---   ---   ---   --- 
                                        ! PLX0 = 0.07, 0.07, 0.10, 0.15, 0.35, 0.55 ! 
 
     Default potential temperature gradient 
     for stable classes E, F (degK/m) 
     (PTG0(2))                       Default: 0.020, 0.035 
                                        ! PTG0 = 0.020,   0.035 ! 
 
     Default plume path coefficients for 
     each stability class (used when option 
     for partial plume height terrain adjustment 
     is selected -- MCTADJ=3) 
     (PPC(6))                  Stability Class :  A     B     C     D     E     F 
                                  Default  PPC : .50,  .50,  .50,  .50,  .35,  .35 
                                                 ---   ---   ---   ---   ---   --- 
                                        !  PPC = 0.50, 0.50, 0.50, 0.50, 0.35, 0.35 ! 
 
     Slug-to-puff transition criterion factor 
     equal to sigma-y/length of slug 
     (SL2PF)                               Default: 10.        ! SL2PF = 10.0 ! 
 
     Puff-splitting control variables ------------------------ 
 
       VERTICAL SPLIT 
       -------------- 
 
       Number of puffs that result every time a puff 
       is split - nsplit=2 means that 1 puff splits 
       into 2 
       (NSPLIT)                            Default:   3        ! NSPLIT =  3  ! 
 
       Time(s) of a day when split puffs are eligible to 
       be split once again; this is typically set once 
       per day, around sunset before nocturnal shear develops. 
       24 values: 0 is midnight (00:00) and 23 is 11 PM (23:00) 
       0=do not re-split    1=eligible for re-split 
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       (IRESPLIT(24))                      Default:  Hour 17 = 1 
       !  IRESPLIT = 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0 ! 
 
       Split is allowed only if last hour's mixing 
       height (m) exceeds a minimum value 
       (ZISPLIT)                           Default: 100.       ! ZISPLIT = 100.0 ! 
 
       Split is allowed only if ratio of last hour's 
       mixing ht to the maximum mixing ht experienced 
       by the puff is less than a maximum value (this 
       postpones a split until a nocturnal layer develops) 
       (ROLDMAX)                           Default: 0.25       ! ROLDMAX = 0.25 ! 
 
 
       HORIZONTAL SPLIT 
       ---------------- 
 
       Number of puffs that result every time a puff 
       is split - nsplith=5 means that 1 puff splits 
       into 5 
       (NSPLITH)                           Default:   5        ! NSPLITH =  5  ! 
 
       Minimum sigma-y (Grid Cells Units) of puff 
       before it may be split 
       (SYSPLITH)                          Default:  1.0       ! SYSPLITH = 1.0 ! 
 
       Minimum puff elongation rate (SYSPLITH/hr) due to 
       wind shear, before it may be split 
       (SHSPLITH)                          Default:  2.        ! SHSPLITH = 2.0 ! 
 
       Minimum concentration (g/m^3) of each 
       species in puff before it may be split 
       Enter array of NSPEC values; if a single value is 
       entered, it will be used for ALL species 
       (CNSPLITH)                          Default:  1.0E-07   ! CNSPLITH = 1.0E-07 ! 
 
     Integration control variables ------------------------ 
 
       Fractional convergence criterion for numerical SLUG 
       sampling integration 
       (EPSSLUG)                           Default:   1.0e-04  ! EPSSLUG = 1.0E-04 ! 
 
       Fractional convergence criterion for numerical AREA 
       source integration 
       (EPSAREA)                           Default:   1.0e-06  ! EPSAREA = 1.0E-06 ! 
 
       Trajectory step-length (m) used for numerical rise 
       integration 
       (DSRISE)                            Default:   1.0      ! DSRISE = 1.0 ! 
 
       Boundary Condition (BC) Puff control variables ------------------------ 
 
       Minimum height (m) to which BC puffs are mixed as they are emitted 
       (MBCON=2 ONLY).  Actual height is reset to the current mixing height 
       at the release point if greater than this minimum. 
       (HTMINBC)                           Default:   500.     ! HTMINBC = 500.0 ! 
 
       Search radius (km) about a receptor for sampling nearest BC puff. 
       BC puffs are typically emitted with a spacing of one grid cell 
       length, so the search radius should be greater than DGRIDKM. 
       (RSAMPBC)                           Default:   10.      ! RSAMPBC = 10.0 ! 
 
       Near-Surface depletion adjustment to concentration profile used when 
       sampling BC puffs? 
       (MDEPBC)                            Default:   1        ! MDEPBC =  1  ! 
          0 = Concentration is NOT adjusted for depletion 
          1 = Adjust Concentration for depletion 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUPS: 13a, 13b, 13c, 13d -- Point source parameters 
-------------------------------- 
 
--------------- 
Subgroup (13a) 
--------------- 
 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix E

E-19



     Number of point sources with 
     parameters provided below      (NPT1)  No default  !  NPT1 =    ! 
 
     Units used for point source 
     emissions below                (IPTU)  Default: 1  !  IPTU =   1  ! 
           1 =        g/s 
           2 =       kg/hr 
           3 =       lb/hr 
           4 =     tons/yr 
           5 =     Odour Unit * m**3/s  (vol. flux of odour compound) 
           6 =     Odour Unit * m**3/min 
           7 =     metric tons/yr 
 
     Number of source-species 
     combinations with variable 
     emissions scaling factors 
     provided below in (13d)        (NSPT1) Default: 0  !  NSPT1 =  0  ! 
 
     Number of point sources with 
     variable emission parameters 
     provided in external file      (NPT2)  No default  !  NPT2 =  0  ! 
 
     (If NPT2 > 0, these point 
     source emissions are read from 
     the file: PTEMARB.DAT) 
 
!END! 
 
--------------- 
Subgroup (13b) 
--------------- 
                                      a 
          POINT SOURCE: CONSTANT DATA 
          ----------------------------- 
                                                                              b          c 
  Source       X         Y       Stack    Base     Stack    Exit  Exit    Bldg.  Emission 
   No.     Coordinate Coordinate Height Elevation Diameter  Vel.  Temp.   Dwash   Rates 
              (km)      (km)       (m)      (m)       (m)  (m/s) (deg. K)          
  ------   ---------- ---------- ------  ------   -------- ----- -------- ----- -------- 
 
 
 
 
 
 
-------- 
 
    a 
     Data for each source are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
     SRCNAM  is a 12-character name for a source 
             (No default) 
     X       is an array holding the source data listed by the column headings 
             (No default) 
     SIGYZI  is an array holding the initial sigma-y and sigma-z (m) 
             (Default: 0.,0.) 
     FMFAC   is a vertical momentum flux factor (0. or 1.0) used to represent 
             the effect of rain-caps or other physical configurations that 
             reduce momentum rise associated with the actual exit velocity. 
             (Default: 1.0  -- full momentum used) 
     ZPLTFM  is the platform height (m) for sources influenced by an isolated 
             structure that has a significant open area between the surface 
             and the bulk of the structure, such as an offshore oil platform. 
             The Base Elevation is that of the surface (ground or ocean), 
             and the Stack Height is the release height above the Base (not 
             above the platform).  Building heights entered in Subgroup 13c 
             must be those of the buildings on the platform, measured from 
             the platform deck.  ZPLTFM is used only with MBDW=1 (ISC 
             downwash method) for sources with building downwash. 
             (Default: 0.0) 
 
    b 
     0. = No building downwash modeled 
     1. = Downwash modeled for buildings resting on the surface 
     2. = Downwash modeled for buildings raised above the surface (ZPLTFM > 0.) 
     NOTE: must be entered as a REAL number (i.e., with decimal point) 
 
    c 
     An emission rate must be entered for every pollutant modeled. 
     Enter emission rate of zero for secondary pollutants that are 
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     modeled, but not emitted.  Units are specified by IPTU 
     (e.g. 1 for g/s). 
 
--------------- 
Subgroup (13c) 
--------------- 
 
           BUILDING DIMENSION DATA FOR SOURCES SUBJECT TO DOWNWASH 
           ------------------------------------------------------- 
Source                                                                     a 
 No.       Effective building height, width, length and X/Y offset (in meters) 
           every 10 degrees.  LENGTH, XBADJ, and YBADJ are only needed for 
           MBDW=2 (PRIME downwash option) 
------     -------------------------------------------------------------------- 
 
-------- 
 
    a 
     Building height, width, length, and X/Y offset from the source are treated 
     as a separate input subgroup for each source and therefore must end with 
     an input group terminator.  The X/Y offset is the position, relative to the 
     stack, of the center of the upwind face of the projected building, with the 
     x-axis pointing along the flow direction. 
 
--------------- 
Subgroup (13d) 
--------------- 
                                                a 
          POINT SOURCE: VARIABLE EMISSIONS DATA 
          --------------------------------------- 
 
     Use this subgroup to describe temporal variations in the emission 
     rates given in 13b.  Factors entered multiply the rates in 13b. 
     Skip sources here that have constant emissions.  For more elaborate 
     variation in source parameters, use PTEMARB.DAT and NPT2 > 0. 
 
     IVARY determines the type of variation, and is source-specific: 
     (IVARY)                                Default: 0 
           0 =       Constant 
           1 =       Diurnal cycle (24 scaling factors: hours 1-24) 
           2 =       Monthly cycle (12 scaling factors: months 1-12) 
           3 =       Hour & Season (4 groups of 24 hourly scaling factors, 
                                    where first group is DEC-JAN-FEB) 
           4 =       Speed & Stab. (6 groups of 6 scaling factors, where 
                                    first group is Stability Class A, 
                                    and the speed classes have upper 
                                    bounds (m/s) defined in Group 12 
           5 =       Temperature   (12 scaling factors, where temperature 
                                    classes have upper bounds (C) of: 
                                    0, 5, 10, 15, 20, 25, 30, 35, 40, 
                                    45, 50, 50+) 
 
 
 
 
-------- 
    a 
     Data for each species are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUPS: 14a, 14b, 14c, 14d -- Area source parameters 
-------------------------------- 
 
--------------- 
Subgroup (14a) 
--------------- 
 
     Number of polygon area sources with 
     parameters specified below (NAR1)       No default  !  NAR1 =     ! 
 
     Units used for area source 
     emissions below            (IARU)       Default: 1  !  IARU =   1  ! 
           1 =        g/m**2/s 
           2 =       kg/m**2/hr 
           3 =       lb/m**2/hr 
           4 =     tons/m**2/yr 
           5 =     Odour Unit * m/s  (vol. flux/m**2 of odour compound) 
           6 =     Odour Unit * m/min 
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           7 =     metric tons/m**2/yr 
 
     Number of source-species 
     combinations with variable 
     emissions scaling factors 
     provided below in (14d)        (NSAR1) Default: 0  !  NSAR1 =  0  ! 
 
     Number of buoyant polygon area sources 
     with variable location and emission 
     parameters (NAR2)                      No default  !  NAR2 =  0   ! 
     (If NAR2 > 0, ALL parameter data for 
     these sources are read from the file: BAEMARB.DAT) 
 
!END! 
 
--------------- 
Subgroup (14b) 
--------------- 
                                     a 
          AREA SOURCE: CONSTANT DATA 
          ---------------------------- 
                                                         b 
Source           Effect.    Base      Initial    Emission 
 No.             Height   Elevation   Sigma z     Rates 
                   (m)       (m)        (m)       
-------          ------    ------     --------   --------- 
 
 
 
  
-------- 
    a 
     Data for each source are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
    b 
     An emission rate must be entered for every pollutant modeled. 
     Enter emission rate of zero for secondary pollutants that are 
     modeled, but not emitted.  Units are specified by IARU  
     (e.g. 1 for g/m**2/s). 
 
--------------- 
Subgroup (14c) 
--------------- 
 
           COORDINATES (km) FOR EACH VERTEX(4) OF EACH POLYGON 
           -------------------------------------------------------- 
Source                                                               a 
 No.       Ordered list of X followed by list of Y, grouped by source 
------     ------------------------------------------------------------ 
  
 
 
 
 
 
 
-------- 
    a 
     Data for each source are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
 
--------------- 
Subgroup (14d) 
--------------- 
                                               a 
          AREA SOURCE: VARIABLE EMISSIONS DATA 
          -------------------------------------- 
 
     Use this subgroup to describe temporal variations in the emission 
     rates given in 14b.  Factors entered multiply the rates in 14b. 
     Skip sources here that have constant emissions.  For more elaborate 
     variation in source parameters, use BAEMARB.DAT and NAR2 > 0. 
 
     IVARY determines the type of variation, and is source-specific: 
     (IVARY)                                Default: 0 
           0 =       Constant 
           1 =       Diurnal cycle (24 scaling factors: hours 1-24) 
           2 =       Monthly cycle (12 scaling factors: months 1-12) 
           3 =       Hour & Season (4 groups of 24 hourly scaling factors, 
                                    where first group is DEC-JAN-FEB) 
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           4 =       Speed & Stab. (6 groups of 6 scaling factors, where 
                                    first group is Stability Class A, 
                                    and the speed classes have upper 
                                    bounds (m/s) defined in Group 12 
           5 =       Temperature   (12 scaling factors, where temperature 
                                    classes have upper bounds (C) of: 
                                    0, 5, 10, 15, 20, 25, 30, 35, 40, 
                                    45, 50, 50+) 
 
 
 
 
-------- 
    a 
     Data for each species are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUPS: 15a, 15b, 15c -- Line source parameters 
--------------------------- 
 
--------------- 
Subgroup (15a) 
--------------- 
 
     Number of buoyant line sources 
     with variable location and emission 
     parameters (NLN2)                              No default  !  NLN2 =  0   ! 
 
     (If NLN2 > 0, ALL parameter data for 
      these sources are read from the file: LNEMARB.DAT) 
 
     Number of buoyant line sources (NLINES)        No default   ! NLINES =  0  ! 
 
     Units used for line source 
     emissions below                (ILNU)          Default: 1  !  ILNU =   1  ! 
           1 =        g/s 
           2 =       kg/hr 
           3 =       lb/hr 
           4 =     tons/yr 
           5 =     Odour Unit * m**3/s  (vol. flux of odour compound) 
           6 =     Odour Unit * m**3/min 
           7 =     metric tons/yr 
 
     Number of source-species 
     combinations with variable 
     emissions scaling factors 
     provided below in (15c)        (NSLN1) Default: 0  !  NSLN1 =  0  ! 
 
     Maximum number of segments used to model 
     each line (MXNSEG)                             Default: 7   ! MXNSEG =  7  ! 
 
     The following variables are required only if NLINES > 0.  They are 
     used in the buoyant line source plume rise calculations. 
 
        Number of distances at which                Default: 6   ! NLRISE =  6  ! 
        transitional rise is computed 
 
        Average building length (XL)                No default   ! XL = .0 ! 
                                                    (in meters) 
 
        Average building height (HBL)               No default   ! HBL = .0 ! 
                                                    (in meters) 
 
        Average building width (WBL)                No default   ! WBL = .0 ! 
                                                    (in meters) 
 
        Average line source width (WML)             No default   ! WML = .0 ! 
                                                    (in meters) 
 
        Average separation between buildings (DXL)  No default   ! DXL = .0 ! 
                                                    (in meters) 
 
        Average buoyancy parameter (FPRIMEL)        No default   ! FPRIMEL = .0 ! 
                                                    (in m**4/s**3) 
 
!END! 
 
--------------- 
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Subgroup (15b) 
--------------- 
 
          BUOYANT LINE SOURCE: CONSTANT DATA 
          ---------------------------------- 
                                                                                          a 
Source     Beg. X      Beg. Y      End. X    End. Y     Release    Base        Emission 
 No.     Coordinate  Coordinate  Coordinate Coordinate  Height    Elevation      Rates 
            (km)        (km)        (km)       (km)       (m)       (m)           
------   ----------  ----------  ---------  ----------  -------   ---------    --------- 
 
-------- 
 
    a 
     Data for each source are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
    b 
     An emission rate must be entered for every pollutant modeled. 
     Enter emission rate of zero for secondary pollutants that are 
     modeled, but not emitted.  Units are specified by ILNTU  
     (e.g. 1 for g/s). 
 
--------------- 
Subgroup (15c) 
--------------- 
                                                       a 
          BUOYANT LINE SOURCE: VARIABLE EMISSIONS DATA 
          ---------------------------------------------- 
 
     Use this subgroup to describe temporal variations in the emission 
     rates given in 15b.  Factors entered multiply the rates in 15b. 
     Skip sources here that have constant emissions. 
 
     IVARY determines the type of variation, and is source-specific: 
     (IVARY)                                Default: 0 
           0 =       Constant 
           1 =       Diurnal cycle (24 scaling factors: hours 1-24) 
           2 =       Monthly cycle (12 scaling factors: months 1-12) 
           3 =       Hour & Season (4 groups of 24 hourly scaling factors, 
                                    where first group is DEC-JAN-FEB) 
           4 =       Speed & Stab. (6 groups of 6 scaling factors, where 
                                    first group is Stability Class A, 
                                    and the speed classes have upper 
                                    bounds (m/s) defined in Group 12 
           5 =       Temperature   (12 scaling factors, where temperature 
                                    classes have upper bounds (C) of: 
                                    0, 5, 10, 15, 20, 25, 30, 35, 40, 
                                    45, 50, 50+) 
 
 
 
-------- 
    a 
     Data for each species are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
 
------------------------------------------------------------------------------- 
 
 
INPUT GROUPS: 16a, 16b, 16c -- Volume source parameters 
--------------------------- 
 
--------------- 
Subgroup (16a) 
--------------- 
 
     Number of volume sources with 
     parameters provided in 16b,c (NVL1)     No default  !  NVL1 =  0   ! 
 
     Units used for volume source 
     emissions below in 16b       (IVLU)     Default: 1  !  IVLU =   1  ! 
           1 =        g/s 
           2 =       kg/hr 
           3 =       lb/hr 
           4 =     tons/yr 
           5 =     Odour Unit * m**3/s  (vol. flux of odour compound) 
           6 =     Odour Unit * m**3/min 
           7 =     metric tons/yr 
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     Number of source-species 
     combinations with variable 
     emissions scaling factors 
     provided below in (16c)      (NSVL1)    Default: 0  !  NSVL1 =  0  ! 
 
     Number of volume sources with 
     variable location and emission 
     parameters                   (NVL2)     No default  !  NVL2 =   0   ! 
 
     (If NVL2 > 0, ALL parameter data for 
      these sources are read from the VOLEMARB.DAT file(s) ) 
 
!END! 
 
--------------- 
Subgroup (16b) 
--------------- 
                                        a 
           VOLUME SOURCE: CONSTANT DATA 
           ------------------------------ 
                                                                               b 
         X           Y        Effect.    Base     Initial    Initial    Emission 
     Coordinate  Coordinate   Height   Elevation  Sigma y    Sigma z     Rates 
        (km)       (km)         (m)       (m)        (m)       (m)       
     ----------  ----------   ------    ------    --------   --------   -------- 
 
 
   
    
-------- 
    a 
     Data for each source are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
    b 
     An emission rate must be entered for every pollutant modeled. 
     Enter emission rate of zero for secondary pollutants that are 
     modeled, but not emitted.  Units are specified by IVLU  
     (e.g. 1 for g/s). 
 
--------------- 
Subgroup (16c) 
--------------- 
                                                 a 
          VOLUME SOURCE: VARIABLE EMISSIONS DATA 
          ---------------------------------------- 
 
     Use this subgroup to describe temporal variations in the emission 
     rates given in 16b.  Factors entered multiply the rates in 16b. 
     Skip sources here that have constant emissions.  For more elaborate 
     variation in source parameters, use VOLEMARB.DAT and NVL2 > 0. 
 
     IVARY determines the type of variation, and is source-specific: 
     (IVARY)                                Default: 0 
           0 =       Constant 
           1 =       Diurnal cycle (24 scaling factors: hours 1-24) 
           2 =       Monthly cycle (12 scaling factors: months 1-12) 
           3 =       Hour & Season (4 groups of 24 hourly scaling factors, 
                                    where first group is DEC-JAN-FEB) 
           4 =       Speed & Stab. (6 groups of 6 scaling factors, where 
                                    first group is Stability Class A, 
                                    and the speed classes have upper 
                                    bounds (m/s) defined in Group 12 
           5 =       Temperature   (12 scaling factors, where temperature 
                                    classes have upper bounds (C) of: 
                                    0, 5, 10, 15, 20, 25, 30, 35, 40, 
                                    45, 50, 50+) 
 
 
 
 
-------- 
    a 
     Data for each species are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUPS: 17a & 17b -- Non-gridded (discrete) receptor information 
----------------------- 
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--------------- 
Subgroup (17a) 
--------------- 
 
     Number of non-gridded receptors (NREC)  No default  !  NREC =     ! 
 
!END! 
 
--------------- 
Subgroup (17b) 
--------------- 
                                               a 
           NON-GRIDDED (DISCRETE) RECEPTOR DATA 
           ------------------------------------ 
 
                   X            Y          Ground        Height   b 
Receptor       Coordinate   Coordinate    Elevation   Above Ground 
  No.             (km)         (km)          (m)           (m) 
--------       ----------   ----------    ---------   ------------ 
 
 
 
 
 
      
------------- 
    a 
     Data for each receptor are treated as a separate input subgroup 
     and therefore must end with an input group terminator. 
 
    b 
     Receptor height above ground is optional.  If no value is entered, 
     the receptor is placed on the ground. 
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APPENDIX F 

Sample CALPOST Model Control File 

 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix F

F-1



 

 

[This page intentionally left blank.] 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix F

F-2



Calpost- White River RMP Calpost 
---------------- Run title (3 lines) ------------------------------------------ 
 
                    CALPOST MODEL CONTROL FILE 
                    -------------------------- 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 0 -- Input and Output File Names 
-------------- 
 
Input Files 
----------- 
 
File                      Default File Name 
----                      ----------------- 
Conc/Dep Flux File        MODEL.DAT          ! MODDAT =! 
Relative Humidity File    VISB.DAT           ! VISDAT =! 
Background Data File      BACK.DAT           * BACKDAT =   * 
Transmissometer or        VSRN.DAT           * VSRDAT =   * 
Nephelometer Data File     or 
DATSAV Weather Data File   or 
Prognostic Weather  File      
 
Output Files 
------------ 
 
File                      Default File Name 
----                      ----------------- 
List File                 CALPOST.LST        ! PSTLST =! 
 
Pathname for Timeseries Files   (blank)      * TSPATH =   * 
(activate with exclamation points only if 
providing NON-BLANK character string) 
 
Pathname for Plot Files   (blank)            * PLPATH =   * 
(activate with exclamation points only if 
 providing NON-BLANK character string) 
 
User Character String (U) to augment default filenames 
(activate with exclamation points only if 
 providing NON-BLANK character string) 
 
Timeseries          TSERIES_ASPEC_ttHR_CONC_TSUNAM.DAT 
Peak Value          PEAKVAL_ASPEC_ttHR_CONC_TSUNAM.DAT 
 
                                             * TSUNAM =   * 
 
Top Nth Rank Plot   RANK(ALL)_ASPEC_ttHR_CONC_TUNAM.DAT 
                or  RANK(ii)_ASPEC_ttHR_CONC_TUNAM.GRD  
 
                                             * TUNAM =   * 
 
Exceedance Plot      EXCEED_ASPEC_ttHR_CONC_XUNAM.DAT 
                 or  EXCEED_ASPEC_ttHR_CONC_XUNAM.GRD 
 
                                             * XUNAM =   * 
 
Echo Plot 
(Specific Days)  
           yyyy_Mmm_Ddd_hhmm(UTCszzzz)_L00_ASPEC_ttHR_CONC.DAT 
     or    yyyy_Mmm_Ddd_hhmm(UTCszzzz)_L00_ASPEC_ttHR_CONC.GRD 
 
 
Visibility Plot      DAILY_VISIB_VUNAM.DAT   * VUNAM =   * 
(Daily Peak Summary)     
 
 
Auxiliary Output Files 
---------------------- 
 
File                      Default File Name 
----                      ----------------- 
Visibility Change         DELVIS.DAT         * DVISDAT =   * 
 
-------------------------------------------------------------------------------- 
All file names will be converted to lower case if LCFILES = T 
Otherwise, if LCFILES = F, file names will be converted to UPPER CASE 
         T = lower case               ! LCFILES = F ! 
         F = UPPER CASE 
NOTE: (1) file/path names can be up to 132 characters in length 
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NOTE: (2) Filenames for ALL PLOT and TIMESERIES FILES are constructed 
          using a template that includes a pathname, user-supplied  
          character(s), and context-specific strings, where 
             ASPEC = Species Name 
              CONC = CONC Or WFLX Or DFLX Or TFLX 
                tt = Averaging Period (e.g. 03) 
                ii = Rank (e.g. 02) 
                hh = Hour(ending) in LST 
             szzzz = LST time zone shift (EST is -0500) 
              yyyy = Year(LST) 
                mm = Month(LST) 
                dd = day of month (LST) 
          are determined internally based on selections made below. 
          If a path or user-supplied character(s) are supplied, each 
          must contain at least 1 non-blank character. 
 
!END! 
-------------------------------------------------------------------------------- 
 
INPUT GROUP: 1 -- General run control parameters 
-------------- 
 
     Option to run all periods found 
     in the met. file(s)  (METRUN)        Default: 0   ! METRUN =   1  ! 
 
         METRUN = 0 - Run period explicitly defined below 
         METRUN = 1 - Run all periods in CALPUFF data file(s) 
 
     Starting date:    Year   (ISYR)  --    No default   ! ISYR  =    ! 
                       Month  (ISMO)  --    No default   ! ISMO  =    ! 
                       Day    (ISDY)  --    No default   ! ISDY  =    ! 
     Starting time:    Hour   (ISHR)  --    No default   ! ISHR  =    ! 
                       Minute (ISMIN) --    No default   * ISMIN =  0  * 
                       Second (ISSEC) --    No default   * ISSEC =  0  * 
 
     Ending date:      Year   (IEYR)  --    No default   * IEYR  =    * 
                       Month  (IEMO)  --    No default   * IEMO  =   * 
                       Day    (IEDY)  --    No default   * IEDY  =    * 
     Ending time:      Hour   (IEHR)  --    No default   * IEHR  =    * 
                       Minute (IEMIN) --    No default   * IEMIN =  0  * 
                       Second (IESEC) --    No default   * IESEC =  0  * 
 
     (These are only used if METRUN = 0) 
 
     Process every period of data? 
                                (NREP) -- Default: 1   ! NREP  =  1  ! 
      (1 = every period processed, 
       2 = every 2nd period processed, 
       5 = every 5th period processed, etc.) 
 
Species & Concentration/Deposition Information 
---------------------------------------------- 
 
      Species to process (ASPEC)       -- No default   ! ASPEC = VISIB  ! 
      (ASPEC = VISIB for visibility processing) 
 
      Layer/deposition code (ILAYER)   -- Default: 1   ! ILAYER =  1  ! 
        '1'  for CALPUFF concentrations, 
        '-1' for dry deposition fluxes, 
        '-2' for wet deposition fluxes, 
        '-3' for wet+dry deposition fluxes. 
 
      Scaling factors of the form:     -- Defaults:    ! A =  0.0    ! 
            X(new) = X(old) * A + B         A = 0.0    ! B =  0.0    ! 
        (NOT applied if A = B = 0.0)        B = 0.0 
 
      Add Hourly Background Concentrations/Fluxes? 
                              (LBACK)  -- Default: F   ! LBACK =  F ! 
 
Source information 
------------------ 
 
  Option to process source contributions: 
         0 =  Process only total reported contributions 
         1 =  Sum all individual source contributions and process 
         2 =  Run in TRACEBACK mode to identify source 
              contributions at a SINGLE receptor 
                             (MSOURCE) -- Default: 0   ! MSOURCE =  0  ! 
 
Receptor information 
-------------------- 
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  Gridded receptors processed?    (LG) -- Default: F   ! LG  = F  ! 
  Discrete receptors processed?   (LD) -- Default: F   ! LD  = T  ! 
  CTSG Complex terrain receptors processed? 
                                 (LCT) -- Default: F   ! LCT = F  ! 
 
--Report results by DISCRETE receptor RING? 
  (only used when LD = T)     (LDRING) -- Default: F   ! LDRING = F  ! 
 
--Select range of DISCRETE receptors (only used when LD = T): 
 
  Select ALL DISCRETE receptors by setting NDRECP flag to -1; 
                               OR 
  Select SPECIFIC DISCRETE receptors by entering a flag (0,1) for each 
     0 = discrete receptor not processed 
     1 = discrete receptor processed 
  using repeated value notation to select blocks of receptors: 
     23*1, 15*0, 12*1 
  Flag for all receptors after the last one assigned is set to 0 
  (NDRECP) -- Default: -1 
                                               ! NDRECP =  ! 
 
 
--Select range of GRIDDED receptors (only used when LG = T): 
 
       X index of LL corner (IBGRID) -- Default: -1     ! IBGRID = -1  ! 
           (-1 OR 1 <= IBGRID <= NX) 
 
       Y index of LL corner (JBGRID) -- Default: -1     ! JBGRID = -1  ! 
           (-1 OR 1 <= JBGRID <= NY) 
 
       X index of UR corner (IEGRID) -- Default: -1     ! IEGRID = -1  ! 
           (-1 OR 1 <= IEGRID <= NX) 
 
       Y index of UR corner (JEGRID) -- Default: -1     ! JEGRID = -1  ! 
           (-1 OR 1 <= JEGRID <= NY) 
 
  Note: Entire grid is processed if IBGRID=JBGRID=IEGRID=JEGRID=-1 
 
 
--Specific gridded receptors can also be excluded from CALPOST 
  processing by filling a processing grid array with 0s and 1s.  If the 
  processing flag for receptor index (i,j) is 1 (ON), that receptor 
  will be processed if it lies within the range delineated by IBGRID, 
  JBGRID,IEGRID,JEGRID and if LG=T. If it is 0 (OFF), it will not be 
  processed in the run.  By default, all array values are set to 1 (ON). 
 
  Number of gridded receptor rows provided in Subgroup (1a) to 
  identify specific gridded receptors to process 
                           (NGONOFF) -- Default: 0      ! NGONOFF =  0  ! 
 
!END! 
 
 
-------------- 
Subgroup (1a) -- Specific gridded receptors included/excluded 
-------------- 
 
    Specific gridded receptors are excluded from CALPOST processing 
    by filling a processing grid array with 0s and 1s.  A total of 
    NGONOFF lines are read here.  Each line corresponds to one 'row' 
    in the sampling grid, starting with the NORTHERNMOST row that 
    contains receptors that you wish to exclude, and finishing with 
    row 1 to the SOUTH (no intervening rows may be skipped).  Within 
    a row, each receptor position is assigned either a 0 or 1, 
    starting with the westernmost receptor. 
       0 = gridded receptor not processed 
       1 = gridded receptor processed 
 
    Repeated value notation may be used to select blocks of receptors: 
       23*1, 15*0, 12*1 
 
    Because all values are initially set to 1, any receptors north of 
    the first row entered, or east of the last value provided in a row, 
    remain ON. 
 
    (NGXRECP) -- Default: 1 
 
 
------------------------------------------------------------------------------- 
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INPUT GROUP: 2 -- Visibility Parameters (ASPEC = VISIB) 
-------------- 
 
    Particle growth curve f(RH) for hygroscopic species 
                                (MFRH) -- Default: 2   ! MFRH   =  2  ! 
 
         1 =  IWAQM (1998) f(RH) curve (originally used with MVISBK=1) 
         2 =  FLAG (2000) f(RH) tabulation 
         3 =  EPA (2003) f(RH) tabulation 
 
    Maximum relative humidity (%) used in particle growth curve 
                               (RHMAX) -- Default: 98  ! RHMAX  = 95.0 ! 
 
    Modeled species to be included in computing the light extinction 
     Include SULFATE?          (LVSO4) -- Default: T   ! LVSO4  = T  ! 
     Include NITRATE?          (LVNO3) -- Default: T   ! LVNO3  = T  ! 
     Include ORGANIC CARBON?   (LVOC)  -- Default: T   ! LVOC   = T  ! 
     Include COARSE PARTICLES? (LVPMC) -- Default: T   ! LVPMC  = T  ! 
     Include FINE PARTICLES?   (LVPMF) -- Default: T   ! LVPMF  = T  ! 
     Include ELEMENTAL CARBON? (LVEC)  -- Default: T   ! LVEC   = T  ! 
 
    And, when ranking for TOP-N, TOP-50, and Exceedance tables, 
     Include BACKGROUND?       (LVBK)  -- Default: T   ! LVBK   = T  ! 
 
    Species name used for particulates in MODEL.DAT file 
                   COARSE    (SPECPMC) -- Default: PMC ! SPECPMC = PMC ! 
                   FINE      (SPECPMF) -- Default: PMF ! SPECPMF = PMF ! 
 
Extinction Efficiency (1/Mm per ug/m**3) 
---------------------------------------- 
    MODELED particulate species: 
               PM  COARSE      (EEPMC) -- Default: 0.6 ! EEPMC  = 0.6 ! 
               PM  FINE        (EEPMF) -- Default: 1.0 ! EEPMF  = 1.0 ! 
    BACKGROUND particulate species: 
               PM  COARSE    (EEPMCBK) -- Default: 0.6 ! EEPMCBK = 0.6 ! 
    Other species: 
              AMMONIUM SULFATE (EESO4) -- Default: 3.0 ! EESO4  = 3.0 ! 
              AMMONIUM NITRATE (EENO3) -- Default: 3.0 ! EENO3  = 3.0 ! 
              ORGANIC CARBON   (EEOC)  -- Default: 4.0 ! EEOC   = 4.0 ! 
              SOIL             (EESOIL)-- Default: 1.0 ! EESOIL = 1.0 ! 
              ELEMENTAL CARBON (EEEC)  -- Default: 10. ! EEEC   = 10.0 ! 
 
Background Extinction Computation 
--------------------------------- 
 
    Method used for the 24h-average of percent change of light extinction: 
    Hourly ratio of source light extinction / background light extinction 
    is averaged?               (LAVER) -- Default: F   ! LAVER = F  ! 
 
 
    Method used for background light extinction 
                              (MVISBK) -- Default: 2   ! MVISBK =  2  ! 
 
         1 =  Supply single light extinction and hygroscopic fraction 
              - Hourly F(RH) adjustment applied to hygroscopic background 
                and modeled sulfate and nitrate 
         2 =  Compute extinction from speciated PM measurements (A) 
              - Hourly F(RH) adjustment applied to observed and modeled sulfate 
                and nitrate 
              - F(RH) factor is capped at F(RHMAX) 
         3 =  Compute extinction from speciated PM measurements (B) 
              - Hourly F(RH) adjustment applied to observed and modeled sulfate 
                and nitrate 
              - Receptor-hour excluded if RH>RHMAX 
              - Receptor-day excluded if fewer than 6 valid receptor-hours 
         4 =  Read hourly transmissometer background extinction measurements 
              - Hourly F(RH) adjustment applied to modeled sulfate and nitrate 
              - Hour excluded if measurement invalid (missing, interference, 
                or large RH) 
              - Receptor-hour excluded if RH>RHMAX 
              - Receptor-day excluded if fewer than 6 valid receptor-hours 
         5 =  Read hourly nephelometer background extinction measurements 
              - Rayleigh extinction value (BEXTRAY) added to measurement 
              - Hourly F(RH) adjustment applied to modeled sulfate and nitrate 
              - Hour excluded if measurement invalid (missing, interference, 
                or large RH) 
              - Receptor-hour excluded if RH>RHMAX 
              - Receptor-day excluded if fewer than 6 valid receptor-hours 
         6 =  Compute extinction from speciated PM measurements 
              - FLAG monthly RH adjustment factor applied to observed and 
                modeled sulfate and nitrate 
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         7 =  Use observed weather or prognostic weather information for 
              background extinction during weather events; otherwise, use Method 2 
              - Hourly F(RH) adjustment applied to modeled sulfate and nitrate 
              - F(RH) factor is capped at F(RHMAX) 
              - During observed weather events, compute Bext from visual range 
                if using an observed weather data file, or 
              - During prognostic weather events, use Bext from the prognostic 
                weather file 
              - Use Method 2 for hours without a weather event 
 
    Additional inputs used for MVISBK = 1: 
    -------------------------------------- 
     Background light extinction (1/Mm) 
                              (BEXTBK) -- No default   ! BEXTBK = 0.0 ! 
     Percentage of particles affected by relative humidity 
                              (RHFRAC) -- No default   ! RHFRAC = 0.0 ! 
 
    Additional inputs used for MVISBK = 6: 
    -------------------------------------- 
     Extinction coefficients for hygroscopic species (modeled and 
     background) are computed using a monthly RH adjustment factor 
     in place of an hourly RH factor (VISB.DAT file is NOT needed). 
     Enter the 12 monthly factors here (RHFAC).  Month 1 is January. 
 
     (RHFAC)  -- No default     ! RHFAC = 2.34, 2.20, 1.91, 1.80,  
                                          1.79, 1.60, 1.73, 2.08,  
                                          2.01, 1.76, 2.17, 2.26 ! 
 
    Additional inputs used for MVISBK = 7: 
    -------------------------------------- 
     The weather data file (DATSAV abbreviated space-delimited) that 
     is identified as VSRN.DAT may contain data for more than one 
     station.  Identify the stations that are needed in the order in 
     which they will be used to obtain valid weather and visual range. 
     The first station that contains valid data for an hour will be 
     used.  Enter up to MXWSTA (set in PARAMS file) integer station IDs 
     of up to 6 digits each as variable IDWSTA, and enter the corresponding 
     time zone for each, as variable TZONE (= UTC-LST). 
 
     A prognostic weather data file with Bext for weather events may be used 
     in place of the observed weather file.  Identify this as the VSRN.DAT 
     file and use a station ID of IDWSTA = 999999, and TZONE = 0. 
 
     NOTE:  TZONE identifies the time zone used in the dataset.  The 
            DATSAV abbreviated space-delimited data usually are prepared 
            with UTC time rather than local time, so TZONE is typically 
            set to zero. 
 
     (IDWSTA)   -- No default 
    ! IDWSTA = 999999 ! 
     (TZONE)    -- No default 
    ! TZONE  = 0.0 ! 
 
    Additional inputs used for MVISBK = 2,3,6,7: 
    -------------------------------------------- 
     Background extinction coefficients are computed from monthly 
     CONCENTRATIONS of ammonium sulfate (BKSO4), ammonium nitrate (BKNO3), 
     coarse particulates (BKPMC), organic carbon (BKOC), soil (BKSOIL), and 
     elemental carbon (BKEC).  Month 1 is January. 
     (ug/m**3) 
 
     (BKSO4)  -- No default     ! BKSO4 = 0.2, 0.2, 0.2, 0.2,  
                                          0.2, 0.2, 0.2, 0.2,  
                                          0.2, 0.2, 0.2, 0.2 ! 
     (BKNO3)  -- No default     ! BKNO3 = 0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0 ! 
     (BKPMC)  -- No default     ! BKPMC = 0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0 ! 
     (BKOC)   -- No default     ! BKOC  = 0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0 ! 
     (BKSOIL) -- No default     ! BKSOIL= 4.5, 4.5, 4.5, 4.5,  
                                          4.5, 4.5, 4.5, 4.5,  
                                          4.5, 4.5, 4.5, 4.5 ! 
     (BKEC)   -- No default     ! BKEC  = 0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0,  
                                          0.0, 0.0, 0.0, 0.0 ! 
 
    Additional inputs used for MVISBK = 2,3,5,6,7: 
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    ---------------------------------------------- 
     Extinction due to Rayleigh scattering is added (1/Mm) 
                             (BEXTRAY) -- Default: 10.0 ! BEXTRAY = 10.0 ! 
  
!END! 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 3 -- Output options 
-------------- 
 
Documentation 
------------- 
 
    Documentation records contained in the header of the 
    CALPUFF output file may be written to the list file. 
    Print documentation image? 
                                (LDOC) -- Default: F   !  LDOC = F ! 
 
Output Units 
------------ 
    Units for All Output       (IPRTU) -- Default: 1   ! IPRTU =  3   ! 
                     for            for 
                Concentration    Deposition 
       1 =         g/m**3         g/m**2/s 
       2 =        mg/m**3        mg/m**2/s 
       3 =        ug/m**3        ug/m**2/s 
       4 =        ng/m**3        ng/m**2/s 
       5 =      Odour Units 
 
    Visibility: extinction expressed in 1/Mega-meters (IPRTU is ignored) 
 
 
Averaging time(s) reported 
-------------------------- 
 
    1-pd averages           (L1PD) -- Default: T   *   L1PD = T  * 
    (pd = averaging period of model output) 
 
    1-hr averages           (L1HR) -- Default: T   !   L1HR = F  ! 
 
    3-hr averages           (L3HR) -- Default: T   !   L3HR = F  ! 
 
    24-hr averages         (L24HR) -- Default: T   !  L24HR = T  ! 
 
    Run-length averages    (LRUNL) -- Default: T   !  LRUNL = F  ! 
 
    User-specified averaging time in hours - results for 
    an averaging time of NAVG hours are reported for 
    NAVG greater than 0: 
                            (NAVG) -- Default: 0   !   NAVG =  0  ! 
 
 
    User-specified averaging time in hours, minutes, seconds 
    - results for this averaging time are reported if it is not zero 
 
                           (NAVGH) -- Default: 0   *   NAVGH =  0  * 
                           (NAVGM) -- Default: 0   *   NAVGM =  0  * 
                           (NAVGS) -- Default: 0   *   NAVGS =  0  * 
 
 
Types of tabulations reported 
------------------------------ 
 
   1) Visibility: daily visibility tabulations are always reported 
                  for the selected receptors when ASPEC = VISIB. 
                  In addition, any of the other tabulations listed 
                  below may be chosen to characterize the light 
                  extinction coefficients. 
                  [List file or Plot/Analysis File] 
 
 
   2) Top 50 table for each averaging time selected 
      [List file only] 
                            (LT50) -- Default: T   !   LT50 = T  ! 
 
   3) Top 'N' table for each averaging time selected 
      [List file or Plot file] 
                           (LTOPN) -- Default: F   !  LTOPN = T  ! 
 
        -- Number of 'Top-N' values at each receptor 
           selected (NTOP must be <= 4) 
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                            (NTOP) -- Default: 4   ! NTOP =  4   ! 
 
        -- Specific ranks of 'Top-N' values reported 
           (NTOP values must be entered) 
                   (ITOP(4) array) -- Default:     ! ITOP =  1 , 2 , 3 , 4   ! 
                                      1,2,3,4 
 
 
   4) Threshold exceedance counts for each receptor and each averaging 
      time selected 
      [List file or Plot file] 
                           (LEXCD) -- Default: F   !  LEXCD = F  ! 
 
        -- Identify the threshold for each averaging time by assigning a 
           non-negative value (output units). 
 
                                   -- Default: -1.0 
           Threshold for  1-hr averages   (THRESH1) !  THRESH1 = -1.0  ! 
           Threshold for  3-hr averages   (THRESH3) !  THRESH3 = -1.0  ! 
           Threshold for 24-hr averages  (THRESH24) ! THRESH24 = -1.0  ! 
           Threshold for NAVG-hr averages (THRESHN) !  THRESHN = -1.0  ! 
 
 
        -- Counts for the shortest averaging period selected can be 
           tallied daily, and receptors that experience more than NCOUNT 
           counts over any NDAY period will be reported.  This type of 
           exceedance violation output is triggered only if NDAY > 0. 
 
           Accumulation period(Days) 
                            (NDAY) -- Default: 0   !    NDAY =  0  ! 
           Number of exceedances allowed 
                          (NCOUNT) -- Default: 1   !  NCOUNT =  1  ! 
 
 
   5) Selected day table(s) 
 
      Echo Option -- Many records are written each averaging period 
      selected and output is grouped by day 
      [List file or Plot file] 
                           (LECHO) -- Default: F   !  LECHO = F  ! 
 
      Timeseries Option -- Averages at all selected receptors for 
      each selected averaging period are written to timeseries files. 
      Each file contains one averaging period, and all receptors are 
      written to a single record each averaging time. 
      [TSERIES_ASPEC_ttHR_CONC_TSUNAM.DAT files] 
                           (LTIME) -- Default: F   !  LTIME = F  ! 
 
      Peak Value Option -- Averages at all selected receptors for 
      each selected averaging period are screened and the peak value 
      each period is written to timeseries files. 
      Each file contains one averaging period. 
      [PEAKVAL_ASPEC_ttHR_CONC_TSUNAM.DAT files] 
                           (LPEAK) -- Default: F   !  LPEAK = F  ! 
 
        -- Days selected for output 
                      (IECHO(366)) -- Default: 366*0 
           ! IECHO  = 366*0  ! 
           (366 values must be entered) 
 
Plot output options 
------------------- 
 
     Plot files can be created for the Top-N, Exceedance, and Echo 
     tables selected above.  Two formats for these files are available, 
     DATA and GRID.  In the DATA format, results at all receptors are 
     listed along with the receptor location [x,y,val1,val2,...]. 
     In the GRID format, results at only gridded receptors are written, 
     using a compact representation.  The gridded values are written in 
     rows (x varies), starting with the most southern row of the grid. 
     The GRID format is given the .GRD extension, and includes headers 
     compatible with the SURFER(R) plotting software. 
 
     A plotting and analysis file can also be created for the daily 
     peak visibility summary output, in DATA format only. 
 
     Generate Plot file output in addition to writing tables 
     to List file? 
                                 (LPLT) -- Default: F   ! LPLT  = F ! 
 
     Use GRID format rather than DATA format, 
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     when available? 
                                 (LGRD) -- Default: F   ! LGRD  = F ! 
 
 
Auxiliary Output Files (for subsequent analyses) 
------------------------------------------------ 
 
      Visibility 
 
      A separate output file may be requested that contains the change 
      in visibility at each selected receptor when ASPEC = VISIB.  This 
      file can be processed to construct visibility measures that are 
      not available in CALPOST. 
 
      Output file with the visibility change at each receptor? 
                                (MDVIS) -- Default: 0   ! MDVIS  =  1  ! 
 
           0 =  Do Not create file 
           1 =  Create file of DAILY (24 hour) Delta-Deciview 
           2 =  Create file of DAILY (24 hour) Extinction Change (%) 
           3 =  Create file of HOURLY Delta-Deciview 
           4 =  Create file of HOURLY Extinction Change (%) 
 
 
Additional Debug Output 
----------------------- 
 
   Output selected information to List file 
    for debugging? 
                               (LDEBUG) -- Default: F  ! LDEBUG  = F ! 
 
   Output hourly extinction information to REPORT.HRV? 
    (Visibility Method 7) 
                              (LVEXTHR) -- Default: F  ! LVEXTHR = F ! 
 
!END! 
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APPENDIX G 

Project Only CALPUFF Detailed Results 

 
Table Description Page 
Table G-1 Maximum Predicted 1-Hour NO2 Impacts G-3 

Table G-2 Maximum Predicted Annual NO2 Impacts G-4 

Table G-3 Maximum Predicted 24-Hour PM10 Impacts G-5 

Table G-4 Maximum Predicted Annual PM10 Impacts G-6 

Table G-5 Maximum Predicted 24-Hour PM2.5 Impacts G-7 

Table G-6 Maximum Predicted Annual PM2.5 Impacts G-8 

Table G-7 Maximum Predicted 1-Hour SO2 Impacts G-9 

Table G-8 Maximum Predicted 3-Hour SO2 Impacts G-10 

Table G-9 Maximum Predicted 24-Hour SO2 Impacts G-11 

Table G-10 Maximum Predicted Annual SO2 Impacts G-12 

Table G-11 Maximum Predicted 1-Hour CO Impacts G-13 

Table G-12 Maximum Predicted 8-Hour CO Impacts G-14 

Table G-13 Maximum Predicted Nitrogen Deposition G-15 

Table G-14 Maximum Predicted Sulfur Deposition G-16 

Table G-15 Maximum Predicted Lake Acid Neutralizing Capacity 
Changes 

G-17 

Table G-16 Predicted Visibility Changes at Class I and Sensitive 
Class II Areas (0.5 dv) 

G-18 

Table G-17 Predicted Visibility Changes at Class I and Sensitive 
Class II Areas (1.0 dv) 

G-19 

Table G-18 Predicted Visibility Changes at Scenic Views (0.5 dv) G-20 

Table G-19 Predicted Visibility Changes at Scenic Views (1.0 dv) G-21 
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Pollutant: NO2 PSD Increments:
Averaging Time: 1-hour    Class I Area N/A μg/m3

   Class II Area (Non-Sensitive) N/A μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0012 0.0001 0.0000 0.0004 N/A 32.08 32.08 189 N/A
B 0.0001 0.0000 0.0000 0.0000 N/A 32.08 32.08 189 N/A
C 0.0001 0.0000 0.0000 0.0000 N/A 32.08 32.08 189 N/A
D 0.0008 0.0001 0.0000 0.0003 N/A 32.08 32.08 189 N/A

Eagles Nest WA
A 0.0796 0.0843 0.0965 0.0807 N/A 32.08 32.16 189 N/A
B 0.0075 0.0079 0.0080 0.0076 N/A 32.08 32.09 189 N/A
C 0.0075 0.0079 0.0080 0.0076 N/A 32.08 32.09 189 N/A
D 0.0622 0.0644 0.0725 0.0657 N/A 32.08 32.15 189 N/A

Flat Tops WA N/A
A 0.9697 1.1110 1.1841 1.0320 N/A 32.08 33.11 189 N/A
B 0.0824 0.1221 0.1042 0.0970 N/A 32.08 32.18 189 N/A
C 0.0824 0.1221 0.1042 0.0970 N/A 32.08 32.18 189 N/A
D 0.5703 0.6321 0.6572 0.5921 N/A 32.08 32.67 189 N/A

Maroon Bells-
Snowmass WA

A 1.0175 1.6477 1.2674 1.2270 N/A 32.08 33.31 189 N/A
B 0.1070 0.1393 0.1199 0.1208 N/A 32.08 32.20 189 N/A
C 0.1070 0.1393 0.1199 0.1208 N/A 32.08 32.20 189 N/A
D 0.6502 0.8411 0.6368 0.6903 N/A 32.08 32.77 189 N/A

Mount Zirkel WA
A 0.0528 0.0441 0.0540 0.0480 N/A 32.08 32.13 189 N/A
B 0.0058 0.0046 0.0057 0.0053 N/A 32.08 32.09 189 N/A
C 0.0058 0.0046 0.0057 0.0053 N/A 32.08 32.09 189 N/A
D 0.0412 0.0351 0.0388 0.0374 N/A 32.08 32.12 189 N/A

West Elk WA 3

A 0.1023 0.1197 0.1896 0.1372 N/A 32.08 32.22 189 N/A
B 0.0111 0.0126 0.0130 0.0122 N/A 32.08 32.09 189 N/A
C 0.0111 0.0126 0.0130 0.0122 N/A 32.08 32.09 189 N/A
D 0.0883 0.1072 0.1445 0.1133 N/A 32.08 32.19 189 N/A

Sensitive Class II Areas
Colorado NM

A 0.0512 0.0527 0.0455 0.0445 N/A 32.08 32.12 189 N/A
B 0.0070 0.0066 0.0050 0.0058 N/A 32.08 32.09 189 N/A
C 0.0070 0.0066 0.0050 0.0058 N/A 32.08 32.09 189 N/A
D 0.0396 0.0389 0.0239 0.0330 N/A 32.08 32.11 189 N/A

Dinosaur NM
A 0.0672 0.0623 0.0673 0.0624 N/A 32.08 32.14 189 N/A
B 0.0088 0.0072 0.0085 0.0081 N/A 32.08 32.09 189 N/A
C 0.0088 0.0072 0.0085 0.0081 N/A 32.08 32.09 189 N/A
D 0.0536 0.0418 0.0497 0.0448 N/A 32.08 32.12 189 N/A

Class II Areas (Gridded Receptors)
A 55.0880 53.0130 34.5640 46.7523 N/A 32.08 78.83 189 N/A
B 3.8742 3.9489 4.5284 4.1172 N/A 32.08 36.20 189 N/A
C 3.8742 3.9489 4.5284 4.1172 N/A 32.08 36.20 189 N/A
D 27.2230 26.3640 16.9690 23.1353 N/A 32.08 55.22 189 N/A

1

2

3

The background concentration data is based on the 98th percentile of 1-hour NO2 data from a U.S. Forest Service monitor (ID 08-067-1004)
located in Bayfield, Colorado in La Plata County.
West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Maximum 98th percentile daily maximum 1-hour average NO2 values are reported for "Modeled Concentration."

Table G-1

Maximum Predicted 1-hour NO2 Impacts From CRVFO BLM Sources (outside Roan Planning 
Area)

Max. Modeled 3-
Year Average 

8th High Daily 1-
hour Conc. PSD Increment

Max. 
Total 
Conc.

Back-
ground 
Conc. 2

Area and Alternative

Modeled Concentration1
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Pollutant: NO2 PSD Increments:
Averaging Time: Annual    Class I Area 2.5 μg/m3

   Class II Area (Non-Sensitive) 25 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0000 0.0000 0.0000 0.0000 2.5 30.6 30.60 100 100
B 0.0000 0.0000 0.0000 0.0000 2.5 30.6 30.60 100 100
C 0.0000 0.0000 0.0000 0.0000 2.5 30.6 30.60 100 100
D 0.0000 0.0000 0.0000 0.0000 2.5 30.6 30.60 100 100

Eagles Nest WA
A 0.0020 0.0020 0.0025 0.0025 2.5 30.6 30.60 100 100
B 0.0002 0.0002 0.0002 0.0002 2.5 30.6 30.60 100 100
C 0.0002 0.0002 0.0002 0.0002 2.5 30.6 30.60 100 100
D 0.0016 0.0015 0.0019 0.0019 2.5 30.6 30.60 100 100

Flat Tops WA
A 0.0264 0.0263 0.0284 0.0284 2.5 30.6 30.63 100 100
B 0.0031 0.0034 0.0036 0.0036 2.5 30.6 30.60 100 100
C 0.0031 0.0034 0.0036 0.0036 2.5 30.6 30.60 100 100
D 0.0204 0.0204 0.0228 0.0228 2.5 30.6 30.62 100 100

Maroon Bells-
Snowmass WA

A 0.0165 0.0219 0.0190 0.0219 2.5 30.6 30.62 100 100
B 0.0021 0.0026 0.0023 0.0026 2.5 30.6 30.60 100 100
C 0.0021 0.0026 0.0023 0.0026 2.5 30.6 30.60 100 100
D 0.0140 0.0185 0.0153 0.0185 2.5 30.6 30.62 100 100

Mount Zirkel WA
A 0.0010 0.0008 0.0009 0.0010 2.5 30.6 30.60 100 100
B 0.0001 0.0001 0.0001 0.0001 2.5 30.6 30.60 100 100
C 0.0001 0.0001 0.0001 0.0001 2.5 30.6 30.60 100 100
D 0.0008 0.0006 0.0007 0.0008 2.5 30.6 30.60 100 100

West Elk WA 4

A 0.0015 0.0018 0.0028 0.0028 2.5 30.6 30.60 100 100
B 0.0002 0.0002 0.0003 0.0003 2.5 30.6 30.60 100 100
C 0.0002 0.0002 0.0003 0.0003 2.5 30.6 30.60 100 100
D 0.0015 0.0017 0.0026 0.0026 2.5 30.6 30.60 100 100

Sensitive Class II Areas 3

Colorado NM
A 0.0006 0.0004 0.0003 0.0006 2.5 30.6 30.60 100 100
B 0.0001 0.0001 0.0001 0.0001 2.5 30.6 30.60 100 100
C 0.0001 0.0001 0.0001 0.0001 2.5 30.6 30.60 100 100
D 0.0005 0.0003 0.0003 0.0005 2.5 30.6 30.60 100 100

Dinosaur NM
A 0.0020 0.0016 0.0015 0.0020 2.5 30.6 30.60 100 100
B 0.0003 0.0002 0.0003 0.0003 2.5 30.6 30.60 100 100
C 0.0003 0.0002 0.0003 0.0003 2.5 30.6 30.60 100 100
D 0.0016 0.0013 0.0012 0.0016 2.5 30.6 30.60 100 100

Class II Areas (Gridded Receptors)
A 0.5076 0.5742 0.5902 0.5902 25 30.6 31.19 100 100
B 0.3233 0.3661 0.3773 0.3773 25 30.6 30.98 100 100
C 0.3233 0.3661 0.3773 0.3773 25 30.6 30.98 100 100
D 0.6529 0.7388 0.7591 0.7591 25 30.6 31.36 100 100

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Table G-2
Maximum Predicted Annual NO2 Impacts From CRVFO BLM Sources (outside Roan 

Planning Area)

Max. 
Modeled 

Conc.
PSD Increment 

1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are 
for information only; they do not represent a regulatory increment consumption analysis.

Max. 
Total 
Conc.

Back-
ground 
Conc. 2

The annual NO2 background concentration was recommended by CDPHE and is based on the monitors at Woodmen and Colorado College 
stations, Colorado Springs, El Paso County.  (2005-2006 data).

Area and 
Alternative

Modeled Concentration
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Pollutant: PM10 PSD Increments:
Averaging Time: 24-Hour    Class I Area 8 μg/m3

   Class II Area 30 μg/m3 (Non-Sensitive)

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0162 0.0109 0.0182 0.0182 8 56 56.02 150 ---
B 0.0022 0.0009 0.0009 0.0022 8 56 56.00 150 ---
C 0.0022 0.0009 0.0009 0.0022 8 56 56.00 150 ---
D 0.0116 0.0065 0.0032 0.0116 8 56 56.01 150 ---

Eagles Nest WA
A 0.0732 0.1237 0.0612 0.1237 8 56 56.12 150 ---
B 0.0030 0.0056 0.0031 0.0056 8 56 56.01 150 ---
C 0.0030 0.0056 0.0031 0.0056 8 56 56.01 150 ---
D 0.0117 0.0212 0.0137 0.0212 8 56 56.02 150 ---

Flat Tops WA
A 1.4913 1.3972 1.0269 1.4913 8 56 57.49 150 ---
B 0.0516 0.0481 0.0338 0.0516 8 56 56.05 150 ---
C 0.0516 0.0481 0.0338 0.0516 8 56 56.05 150 ---
D 0.1386 0.1325 0.0939 0.1386 8 56 56.14 150 ---

Maroon Bells-
Snowmass WA

A 0.3559 0.3678 0.4900 0.4900 8 56 56.49 150 ---
B 0.0120 0.0132 0.0165 0.0165 8 56 56.02 150 ---
C 0.0120 0.0132 0.0165 0.0165 8 56 56.02 150 ---
D 0.0491 0.0481 0.0474 0.0491 8 56 56.05 150 ---

Mount Zirkel WA
A 0.0422 0.0779 0.0617 0.0779 8 56 56.08 150 ---
B 0.0023 0.0034 0.0023 0.0034 8 56 56.00 150 ---
C 0.0023 0.0034 0.0023 0.0034 8 56 56.00 150 ---
D 0.0095 0.0117 0.0088 0.0117 8 56 56.01 150 ---

West Elk WA 5

A 0.1151 0.1234 0.1445 0.1445 8 56 56.14 150 ---
B 0.0043 0.0052 0.0052 0.0052 8 56 56.01 150 ---
C 0.0043 0.0052 0.0052 0.0052 8 56 56.01 150 ---
D 0.0209 0.0279 0.0175 0.0279 8 56 56.03 150 ---

Sensitive Class II Areas 3

Colorado NM
A 0.0827 0.1045 0.1165 0.1165 8 56 56.12 150 ---
B 0.0053 0.0039 0.0050 0.0053 8 56 56.01 150 ---
C 0.0053 0.0039 0.0050 0.0053 8 56 56.01 150 ---
D 0.0219 0.0223 0.0116 0.0223 8 56 56.02 150 ---

Dinosaur NM
A 0.1922 0.1809 0.1289 0.1922 8 56 56.19 150 ---
B 0.0067 0.0072 0.0063 0.0072 8 56 56.01 150 ---
C 0.0067 0.0072 0.0063 0.0072 8 56 56.01 150 ---
D 0.0218 0.0243 0.0257 0.0257 8 56 56.03 150 ---

Class II Areas (Gridded Receptors)
A 35.3190 48.9280 48.2670 48.9280 30 56 104.93 150 ---
B 1.0780 1.5122 1.4933 1.5122 30 56 57.51 150 ---
C 1.0780 1.5122 1.4933 1.5122 30 56 57.51 150 ---
D 2.9979 4.1981 4.1333 4.1981 30 56 60.20 150 ---

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4 The maximum modeled high 2nd high concentration over all three years (2001-2003).
5

Table G-3
Maximum Predicted 24-Hour PM10 Impacts From CRVFO BLM Sources (outside Roan 

Planning Area)

Maximum 
High 2nd 

High 
Modeled 

Conc.
PSD 

Increment 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Maximum 
High 2nd 

High Total 
Conc.

Back-
ground 
Conc. 2

The 24-hour PM10 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and 
Alternative

Modeled Concentration
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Pollutant: PM10 PSD Increments:
Averaging Time: Annual    Class I Area 4 μg/m3

   Class II Area (Non-Sensitive) 17 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0004 0.0005 0.0005 0.0005 4 30 30.00 --- 50
B 0.0001 0.0000 0.0000 0.0001 4 30 30.00 --- 50
C 0.0001 0.0000 0.0000 0.0001 4 30 30.00 --- 50
D 0.0003 0.0002 0.0001 0.0003 4 30 30.00 --- 50

Eagles Nest WA
A 0.0096 0.0112 0.0075 0.0112 4 30 30.01 --- 50
B 0.0006 0.0006 0.0005 0.0006 4 30 30.00 --- 50
C 0.0006 0.0006 0.0005 0.0006 4 30 30.00 --- 50
D 0.0022 0.0025 0.0020 0.0025 4 30 30.00 --- 50

Flat Tops WA
A 0.0852 0.0904 0.0858 0.0904 4 30 30.09 --- 50
B 0.0039 0.0044 0.0042 0.0044 4 30 30.00 --- 50
C 0.0039 0.0044 0.0042 0.0044 4 30 30.00 --- 50
D 0.0123 0.0135 0.0129 0.0135 4 30 30.01 --- 50

Maroon Bells-
Snowmass WA

A 0.0340 0.0380 0.0405 0.0405 4 30 30.04 --- 50
B 0.0017 0.0021 0.0019 0.0021 4 30 30.00 --- 50
C 0.0017 0.0021 0.0019 0.0021 4 30 30.00 --- 50
D 0.0063 0.0078 0.0069 0.0078 4 30 30.01 --- 50

Mount Zirkel WA
A 0.0053 0.0052 0.0044 0.0053 4 30 30.01 --- 50
B 0.0003 0.0003 0.0003 0.0003 4 30 30.00 --- 50
C 0.0003 0.0003 0.0003 0.0003 4 30 30.00 --- 50
D 0.0014 0.0013 0.0011 0.0014 4 30 30.00 --- 50

West Elk WA 4

A 0.0067 0.0066 0.0090 0.0090 4 30 30.01 --- 50
B 0.0004 0.0004 0.0005 0.0005 4 30 30.00 --- 50
C 0.0004 0.0004 0.0005 0.0005 4 30 30.00 --- 50
D 0.0015 0.0019 0.0021 0.0021 4 30 30.00 --- 50

Sensitive Class II Areas 3

Colorado NM
A 0.0034 0.0041 0.0045 0.0045 4 30 30.00 --- 50
B 0.0002 0.0003 0.0002 0.0003 4 30 30.00 --- 50
C 0.0002 0.0003 0.0002 0.0003 4 30 30.00 --- 50
D 0.0010 0.0010 0.0007 0.0010 4 30 30.00 --- 50

Dinosaur NM
A 0.0169 0.0172 0.0153 0.0172 4 30 30.02 --- 50
B 0.0009 0.0009 0.0008 0.0009 4 30 30.00 --- 50
C 0.0009 0.0009 0.0008 0.0009 4 30 30.00 --- 50
D 0.0029 0.0030 0.0026 0.0030 4 30 30.00 --- 50

Class II Areas (Gridded Receptors)
A 10.5900 12.4430 13.1790 13.1790 17 30 43.18 --- 50
B 0.3742 0.4370 0.4590 0.4590 17 30 30.46 --- 50
C 0.3742 0.4370 0.4590 0.4590 17 30 30.46 --- 50
D 0.9967 1.1665 1.2270 1.2270 17 30 31.23 --- 50

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

The annual PM10 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Table G-4
Maximum Predicted Annual PM10 Impacts From CRVFO BLM Sources

Max. 
Modeled 

Conc.
PSD Increment 

1

Max. 
Total 
Conc.

Back-
ground 
Conc. 2
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Pollutant: PM2.5 PSD Increments:
Averaging Time: 24-Hour    Class I Area 2 (μg/m3)

   Class II Area (Non-Sensitive) 9 (μg/m3)

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0049 0.0044 0.0038 0.0044 2 24 24.00 35 ---
B 0.0007 0.0003 0.0002 0.0004 2 24 24.00 35 ---
C 0.0007 0.0003 0.0002 0.0004 2 24 24.00 35 ---
D 0.0040 0.0020 0.0008 0.0023 2 24 24.00 35 ---

Eagles Nest WA
A 0.0196 0.0259 0.0157 0.0203 2 24 24.02 35 ---
B 0.0015 0.0020 0.0015 0.0017 2 24 24.00 35 ---
C 0.0015 0.0020 0.0015 0.0017 2 24 24.00 35 ---
D 0.0068 0.0084 0.0070 0.0074 2 24 24.01 35 ---

Flat Tops WA
A 0.1133 0.1734 0.1169 0.1317 2 24 24.13 35 ---
B 0.0076 0.0096 0.0073 0.0080 2 24 24.01 35 ---
C 0.0076 0.0096 0.0073 0.0080 2 24 24.01 35 ---
D 0.0246 0.0292 0.0234 0.0257 2 24 24.03 35 ---

Maroon Bells-
Snowmass WA

A 0.0656 0.0702 0.0609 0.0642 2 24 24.06 35 ---
B 0.0049 0.0067 0.0048 0.0054 2 24 24.01 35 ---
C 0.0049 0.0067 0.0048 0.0054 2 24 24.01 35 ---
D 0.0222 0.0317 0.0256 0.0257 2 24 24.03 35 ---

Mount Zirkel WA
A 0.0121 0.0133 0.0111 0.0122 2 24 24.01 35 ---
B 0.0012 0.0011 0.0010 0.0011 2 24 24.00 35 ---
C 0.0012 0.0011 0.0010 0.0011 2 24 24.00 35 ---
D 0.0062 0.0050 0.0046 0.0053 2 24 24.01 35 ---

West Elk WA 3

A 0.0207 0.0265 0.0270 0.0237 2 24 24.02 35 ---
B 0.0019 0.0027 0.0021 0.0022 2 24 24.00 35 ---
C 0.0019 0.0027 0.0021 0.0022 2 24 24.00 35 ---
D 0.0099 0.0148 0.0108 0.0119 2 24 24.01 35 ---

Sensitive Class II Areas
Colorado NM

A 0.0168 0.0166 0.0142 0.0158 2 24 24.02 35 ---
B 0.0019 0.0020 0.0013 0.0017 2 24 24.00 35 ---
C 0.0019 0.0020 0.0013 0.0017 2 24 24.00 35 ---
D 0.0109 0.0114 0.0052 0.0088 2 24 24.01 35 ---

Dinosaur NM
A 0.0368 0.0330 0.0371 0.0356 2 24 24.04 35 ---
B 0.0028 0.0026 0.0026 0.0027 2 24 24.00 35 ---
C 0.0028 0.0026 0.0026 0.0027 2 24 24.00 35 ---
D 0.0117 0.0110 0.0101 0.0106 2 24 24.01 35 ---

Class II Areas (Gridded Receptors)
A 4.7184 5.7195 6.9602 5.7994 9 24 29.80 35 ---
B 0.1843 0.2245 0.2686 0.2258 9 24 24.23 35 ---
C 0.1843 0.2245 0.2686 0.2258 9 24 24.23 35 ---
D 0.4790 0.5880 0.6999 0.5890 9 24 24.59 35 ---

1

2 This is the maximum 8th highest modeled three-year average concentration (2001-2003).
3 West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

The 24-hour PM2.5 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and 
Alternative

Modeled Concentration

Table G-5
Maximum Predicted 24-Hour PM2.5 Impacts From CRVFO BLM Sources

Max. 
Modeled 8th 

High Conc. 3-
Year Average 

2 PSD Increment 

High 8th 
High Total 

Conc.
Back-ground 

Conc. 1
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Pollutant: PM2.5 PSD Increments:
Averaging Time: Annual    Class I Area 1 (μg/m3)

   Class II Area (Non-Sensitive) 4 (μg/m3)

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0003 0.0003 0.0003 0.0003 1 9 9.00 15 ---
B 0.0000 0.0000 0.0000 0.0000 1 9 9.00 15 ---
C 0.0000 0.0000 0.0000 0.0000 1 9 9.00 15 ---
D 0.0003 0.0002 0.0001 0.0002 1 9 9.00 15 ---

Eagles Nest WA
A 0.0044 0.0054 0.0038 0.0045 1 9 9.00 15 ---
B 0.0004 0.0005 0.0004 0.0004 1 9 9.00 15 ---
C 0.0004 0.0005 0.0004 0.0004 1 9 9.00 15 ---
D 0.0017 0.0020 0.0016 0.0018 1 9 9.00 15 ---

Flat Tops WA
A 0.0222 0.0259 0.0227 0.0236 1 9 9.02 15 ---
B 0.0019 0.0023 0.0021 0.0021 1 9 9.00 15 ---
C 0.0019 0.0023 0.0021 0.0021 1 9 9.00 15 ---
D 0.0067 0.0077 0.0072 0.0072 1 9 9.01 15 ---

Maroon Bells-
Snowmass WA

A 0.0114 0.0135 0.0132 0.0127 1 9 9.01 15 ---
B 0.0010 0.0014 0.0011 0.0012 1 9 9.00 15 ---
C 0.0010 0.0014 0.0011 0.0012 1 9 9.00 15 ---
D 0.0045 0.0059 0.0048 0.0050 1 9 9.01 15 ---

Mount Zirkel WA
A 0.0028 0.0026 0.0021 0.0025 1 9 9.00 15 ---
B 0.0003 0.0002 0.0002 0.0002 1 9 9.00 15 ---
C 0.0003 0.0002 0.0002 0.0002 1 9 9.00 15 ---
D 0.0012 0.0010 0.0009 0.0010 1 9 9.00 15 ---

West Elk WA 2

A 0.0029 0.0033 0.0040 0.0034 1 9 9.00 15 ---
B 0.0003 0.0003 0.0003 0.0003 1 9 9.00 15 ---
C 0.0003 0.0003 0.0003 0.0003 1 9 9.00 15 ---
D 0.0012 0.0016 0.0016 0.0015 1 9 9.00 15 ---

Sensitive Class II Areas
Colorado NM

A 0.0016 0.0018 0.0016 0.0017 1 9 9.00 15 ---
B 0.0002 0.0002 0.0001 0.0002 1 9 9.00 15 ---
C 0.0002 0.0002 0.0001 0.0002 1 9 9.00 15 ---
D 0.0008 0.0008 0.0005 0.0007 1 9 9.00 15 ---

Dinosaur NM
A 0.0067 0.0064 0.0059 0.0063 1 9 9.01 15 ---
B 0.0006 0.0006 0.0005 0.0005 1 9 9.00 15 ---
C 0.0006 0.0006 0.0005 0.0005 1 9 9.00 15 ---
D 0.0021 0.0021 0.0018 0.0020 1 9 9.00 15 ---

Class II Areas (Gridded Receptors)
A 1.5358 1.8044 1.9867 1.7756 4 9 10.78 15 ---
B 0.0812 0.0959 0.1023 0.0931 4 9 9.09 15 ---
C 0.0812 0.0959 0.1023 0.0931 4 9 9.09 15 ---
D 0.1984 0.2342 0.2506 0.2277 4 9 9.23 15 ---

1

2 West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.
The annual PM2.5 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and 
Alternative

Modeled Concentration

Table G-6
Maximum Predicted Annual PM2.5 Impacts From CRVFO BLM Sources

Max. Modeled 3 
year Average 

Conc. PSD Increment 

Max. Total 3 
year Average 

Conc.

Back-
ground 
Conc. 1
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Pollutant: SO2 PSD Increments:
Averaging Time: 1-hour    Class I Area N/A μg/m3

   Class II Area (Non-Sensitive) N/A μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0001 0.0000 0.0000 0.0000 N/A 80.82 80.82 195.54 N/A
B 0.0001 0.0000 0.0000 0.0000 N/A 80.82 80.82 195.54 N/A
C 0.0001 0.0000 0.0000 0.0000 N/A 80.82 80.82 195.54 N/A
D 0.0001 0.0000 0.0000 0.0001 N/A 80.82 80.82 195.54 N/A

Eagles Nest WA
A 0.0004 0.0004 0.0005 0.0004 N/A 80.82 80.82 195.54 N/A
B 0.0003 0.0003 0.0003 0.0003 N/A 80.82 80.82 195.54 N/A
C 0.0003 0.0003 0.0003 0.0003 N/A 80.82 80.82 195.54 N/A
D 0.0005 0.0005 0.0005 0.0005 N/A 80.82 80.82 195.54 N/A

Flat Tops WA N/A
A 0.0031 0.0041 0.0043 0.0039 N/A 80.82 80.82 195.54 N/A
B 0.0015 0.0017 0.0020 0.0016 N/A 80.82 80.82 195.54 N/A
C 0.0015 0.0017 0.0020 0.0016 N/A 80.82 80.82 195.54 N/A
D 0.0030 0.0038 0.0040 0.0036 N/A 80.82 80.82 195.54 N/A

Maroon Bells-
Snowmass WA

A 0.0120 0.0131 0.0102 0.0118 N/A 80.82 80.83 195.54 N/A
B 0.0109 0.0119 0.0092 0.0107 N/A 80.82 80.83 195.54 N/A
C 0.0109 0.0119 0.0092 0.0107 N/A 80.82 80.83 195.54 N/A
D 0.0112 0.0122 0.0095 0.0110 N/A 80.82 80.83 195.54 N/A

Mount Zirkel WA
A 0.0003 0.0002 0.0003 0.0002 N/A 80.82 80.82 195.54 N/A
B 0.0002 0.0002 0.0001 0.0002 N/A 80.82 80.82 195.54 N/A
C 0.0002 0.0002 0.0001 0.0002 N/A 80.82 80.82 195.54 N/A
D 0.0003 0.0003 0.0003 0.0003 N/A 80.82 80.82 195.54 N/A

West Elk WA 3

A 0.0008 0.0010 0.0010 0.0009 N/A 80.82 80.82 195.54 N/A
B 0.0006 0.0007 0.0008 0.0007 N/A 80.82 80.82 195.54 N/A
C 0.0006 0.0007 0.0008 0.0007 N/A 80.82 80.82 195.54 N/A
D 0.0008 0.0010 0.0010 0.0009 N/A 80.82 80.82 195.54 N/A

Sensitive Class II Areas
Colorado NM

A 0.0002 0.0002 0.0001 0.0002 N/A 80.82 80.82 195.54 N/A
B 0.0002 0.0002 0.0002 0.0002 N/A 80.82 80.82 195.54 N/A
C 0.0002 0.0002 0.0002 0.0002 N/A 80.82 80.82 195.54 N/A
D 0.0004 0.0004 0.0004 0.0004 N/A 80.82 80.82 195.54 N/A

Dinosaur NM
A 0.0004 0.0003 0.0003 0.0003 N/A 80.82 80.82 195.54 N/A
B 0.0003 0.0003 0.0002 0.0003 N/A 80.82 80.82 195.54 N/A
C 0.0003 0.0003 0.0002 0.0003 N/A 80.82 80.82 195.54 N/A
D 0.0005 0.0005 0.0004 0.0005 N/A 80.82 80.82 195.54 N/A

Class II Areas (Gridded Receptors)
A 0.2719 0.2674 0.3012 0.2802 N/A 80.82 81.10 195.54 N/A
B 0.2468 0.2428 0.2731 0.2542 N/A 80.82 81.07 195.54 N/A
C 0.2468 0.2428 0.2731 0.2542 N/A 80.82 81.07 195.54 N/A
D 0.4071 0.4335 0.3103 0.3836 N/A 80.82 81.20 195.54 N/A

1

2

3

Table G-7
Maximum Predicted 1-hour SO2 Impacts From CRVFO BLM (non Roan) Sources

Max. Modeled 3-
Year Average 

4th High Daily 1-
hour Conc. PSD Increment

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

The background concentration data is based on the 99th percentile of year 2006 1-hour SO2 data from a monitor (ID 08-031-0002) located on Broadway Street, 
Denver, Colorado in Denver County.

Max. 
Total 
Conc.

Back-
ground 
Conc.

Area and Alternative

Modeled Concentration1

Maximum 99th percentile daily maximum 1-hour average SO2 values are reported for "Modeled Concentration."
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Pollutant: SO2 PSD Increments:
Averaging Time: 3-Hour    Class I Area 25

   Class II Area (Non-Sensitive) 512

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0001 0.0001 0.0001 0.0001 25 66.6 66.60 1300 700
B 0.0001 0.0001 0.0001 0.0001 25 66.6 66.60 1300 700
C 0.0001 0.0001 0.0001 0.0001 25 66.6 66.60 1300 700
D 0.0002 0.0002 0.0002 0.0002 25 66.6 66.60 1300 700

Eagles Nest WA
A 0.0004 0.0004 0.0003 0.0004 25 66.6 66.60 1300 700
B 0.0004 0.0003 0.0002 0.0004 25 66.6 66.60 1300 700
C 0.0004 0.0003 0.0002 0.0004 25 66.6 66.60 1300 700
D 0.0007 0.0005 0.0004 0.0007 25 66.6 66.60 1300 700

Flat Tops WA
A 0.0024 0.0034 0.0028 0.0034 25 66.6 66.60 1300 700
B 0.0011 0.0012 0.0015 0.0015 25 66.6 66.60 1300 700
C 0.0011 0.0012 0.0015 0.0015 25 66.6 66.60 1300 700
D 0.0023 0.0032 0.0026 0.0032 25 66.6 66.60 1300 700

Maroon Bells-
Snowmass WA

A 0.0093 0.0079 0.0069 0.0093 25 66.6 66.61 1300 700
B 0.0085 0.0072 0.0062 0.0085 25 66.6 66.61 1300 700
C 0.0085 0.0072 0.0062 0.0085 25 66.6 66.61 1300 700
D 0.0088 0.0074 0.0064 0.0088 25 66.6 66.61 1300 700

Mount Zirkel WA
A 0.0002 0.0002 0.0002 0.0002 25 66.6 66.60 1300 700
B 0.0001 0.0002 0.0002 0.0002 25 66.6 66.60 1300 700
C 0.0001 0.0002 0.0002 0.0002 25 66.6 66.60 1300 700
D 0.0003 0.0003 0.0002 0.0003 25 66.6 66.60 1300 700

West Elk WA 4

A 0.0007 0.0009 0.0009 0.0009 25 66.6 66.60 1300 700
B 0.0005 0.0007 0.0006 0.0007 25 66.6 66.60 1300 700
C 0.0005 0.0007 0.0006 0.0007 25 66.6 66.60 1300 700
D 0.0007 0.0009 0.0009 0.0009 25 66.6 66.60 1300 700

Sensitive Class II Areas 3

Colorado NM
A 0.0003 0.0002 0.0002 0.0003 25 66.6 66.60 1300 700
B 0.0003 0.0003 0.0002 0.0003 25 66.6 66.60 1300 700
C 0.0003 0.0003 0.0002 0.0003 25 66.6 66.60 1300 700
D 0.0006 0.0004 0.0004 0.0006 25 66.6 66.60 1300 700

Dinosaur NM
A 0.0003 0.0004 0.0003 0.0004 25 66.6 66.60 1300 700
B 0.0003 0.0003 0.0002 0.0003 25 66.6 66.60 1300 700
C 0.0003 0.0003 0.0002 0.0003 25 66.6 66.60 1300 700
D 0.0004 0.0005 0.0004 0.0005 25 66.6 66.60 1300 700

Class II Areas (Gridded Receptors)
A 0.1429 0.1296 0.1471 0.1471 512 66.6 66.75 1300 700
B 0.1297 0.1177 0.1335 0.1335 512 66.6 66.73 1300 700
C 0.1297 0.1177 0.1335 0.1335 512 66.6 66.73 1300 700
D 0.1671 0.2577 0.2082 0.2577 512 66.6 66.86 1300 700

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

The 3-hour SO2 background concentration was recommended by CDPHE and is based on the monitor at Colorado College, Colorado Springs, 
El Paso County.  (2005-2006 data)

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are 
for information only; they do not represent a regulatory increment consumption analysis.

Table G-8
Maximum Predicted 3-Hour SO2 Impacts From CRVFO BLM Sources

Max. 
High 2nd 

High 
Modeled 

Conc.
PSD 

Increment 1

Max. 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2
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Pollutant: SO2 PSD Increments:
Averaging Time: 24-Hour    Class I Area 5

   Class II Area (Non-Sensitive) 91

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0000 0.0000 0.0000 0.0000 5 34.6 34.60 365 365
B 0.0001 0.0000 0.0000 0.0001 5 34.6 34.60 365 365
C 0.0001 0.0000 0.0000 0.0001 5 34.6 34.60 365 365
D 0.0001 0.0000 0.0000 0.0001 5 34.6 34.60 365 365

Eagles Nest WA
A 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
B 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
C 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
D 0.0002 0.0001 0.0001 0.0002 5 34.6 34.60 365 365

Flat Tops WA
A 0.0005 0.0005 0.0007 0.0007 5 34.6 34.60 365 365
B 0.0002 0.0002 0.0003 0.0003 5 34.6 34.60 365 365
C 0.0002 0.0002 0.0003 0.0003 5 34.6 34.60 365 365
D 0.0005 0.0005 0.0006 0.0006 5 34.6 34.60 365 365

Maroon Bells-
Snowmass WA

A 0.0018 0.0013 0.0014 0.0018 5 34.6 34.60 365 365
B 0.0016 0.0012 0.0013 0.0016 5 34.6 34.60 365 365
C 0.0016 0.0012 0.0013 0.0016 5 34.6 34.60 365 365
D 0.0017 0.0012 0.0013 0.0017 5 34.6 34.60 365 365

Mount Zirkel WA
A 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
B 0.0001 0.0000 0.0000 0.0001 5 34.6 34.60 365 365
C 0.0001 0.0000 0.0000 0.0001 5 34.6 34.60 365 365
D 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365

West Elk WA 4

A 0.0002 0.0003 0.0003 0.0003 5 34.6 34.60 365 365
B 0.0002 0.0002 0.0002 0.0002 5 34.6 34.60 365 365
C 0.0002 0.0002 0.0002 0.0002 5 34.6 34.60 365 365
D 0.0002 0.0003 0.0003 0.0003 5 34.6 34.60 365 365

Sensitive Class II Areas 3

Colorado NM
A 0.0001 0.0001 0.0000 0.0001 5 34.6 34.60 365 365
B 0.0001 0.0001 0.0000 0.0001 5 34.6 34.60 365 365
C 0.0001 0.0001 0.0000 0.0001 5 34.6 34.60 365 365
D 0.0003 0.0001 0.0001 0.0003 5 34.6 34.60 365 365

Dinosaur NM
A 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
B 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
C 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365
D 0.0001 0.0001 0.0001 0.0001 5 34.6 34.60 365 365

Class II Areas (Gridded Receptors)
A 0.0223 0.0262 0.0246 0.0262 91 34.6 34.63 365 365
B 0.0202 0.0237 0.0224 0.0237 91 34.6 34.62 365 365
C 0.0202 0.0237 0.0224 0.0237 91 34.6 34.62 365 365
D 0.0209 0.0422 0.0305 0.0422 91 34.6 34.64 365 365

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Table G-9
Maximum Predicted 24-Hour SO2 Impacts From CRVFO BLM Sources

Max. 
High 2nd 

High 
Modeled 

Conc. PSD Increment 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Max High 
2nd High 

Total 
Conc.

Back-
ground 
Conc. 2

The 24-hour SO2 background concentration was recommended by CDPHE and is based on the monitor at Colorado College, Colorado Springs, El 
Paso County.  (2005-2006 data)

Area and 
Alternative

Modeled Concentration
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Pollutant: SO2 PSD Increments:
Averaging Time: Annual    Class I Area 2 μg/m3

   Class II Area (Non-Sensitive) 20 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
B 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
C 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
D 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80

Eagles Nest WA
A 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
B 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
C 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
D 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80

Flat Tops WA
A 0.0001 0.0001 0.0001 0.0001 2 5.3 5.30 80 80
B 0.0001 0.0001 0.0001 0.0001 2 5.3 5.30 80 80
C 0.0001 0.0001 0.0001 0.0001 2 5.3 5.30 80 80
D 0.0001 0.0001 0.0001 0.0001 2 5.3 5.30 80 80

Maroon Bells-
Snowmass WA

A 0.0002 0.0002 0.0002 0.0002 2 5.3 5.30 80 80
B 0.0001 0.0001 0.0001 0.0001 2 5.3 5.30 80 80
C 0.0001 0.0001 0.0001 0.0001 2 5.3 5.30 80 80
D 0.0002 0.0002 0.0002 0.0002 2 5.3 5.30 80 80

Mount Zirkel WA
A 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
B 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
C 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
D 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80

West Elk WA 4

A 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
B 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
C 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
D 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80

Sensitive Class II Areas 3

Colorado NM
A 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
B 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
C 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
D 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80

Dinosaur NM
A 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
B 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
C 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80
D 0.0000 0.0000 0.0000 0.0000 2 5.3 5.30 80 80

Class II Areas (Gridded Receptors)
A 0.0037 0.0039 0.0040 0.0040 20 5.3 5.30 80 80
B 0.0033 0.0035 0.0036 0.0036 20 5.3 5.30 80 80
C 0.0033 0.0035 0.0036 0.0036 20 5.3 5.30 80 80
D 0.0034 0.0037 0.0037 0.0037 20 5.3 5.30 80 80

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

The 24-hour SO2 background concentration was recommended by CDPHE and is based on the monitor at Colorado College, Colorado Springs, El 
Paso County.  (2005-2006 data)

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Table G-10
Maximum Predicted Annual SO2 Impacts From CRVFO BLM Sources

Max. 
Modeled 

Conc. PSD Increment 1

Max. 
Total 
Conc.

Back-
ground 
Conc. 2
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Pollutant: CO PSD Increments:
Averaging Time: 1-Hour    Class I Area NA

   Class II Area (Non-Sensitive) NA

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.2142 0.1563 0.2756 0.2756 NA 4656.4 4656.68 40000 40000
B 0.0335 0.0252 0.0437 0.0437 NA 4656.4 4656.44 40000 40000
C 0.0335 0.0252 0.0437 0.0437 NA 4656.4 4656.44 40000 40000
D 0.1975 0.1460 0.2502 0.2502 NA 4656.4 4656.65 40000 40000

Eagles Nest WA
A 0.8700 0.5978 0.5173 0.8700 NA 4656.4 4657.27 40000 40000
B 0.1345 0.0797 0.0775 0.1345 NA 4656.4 4656.53 40000 40000
C 0.1345 0.0797 0.0775 0.1345 NA 4656.4 4656.53 40000 40000
D 0.7573 0.4580 0.4392 0.7573 NA 4656.4 4657.16 40000 40000

Flat Tops WA
A 3.6831 3.8403 3.9186 3.9186 NA 4656.4 4660.32 40000 40000
B 0.5178 0.5318 0.3885 0.5318 NA 4656.4 4656.93 40000 40000
C 0.5178 0.5318 0.3885 0.5318 NA 4656.4 4656.93 40000 40000
D 2.0307 2.0754 2.1624 2.1624 NA 4656.4 4658.56 40000 40000

Maroon Bells-
Snowmass WA

A 3.9962 4.6437 5.1352 5.1352 NA 4656.4 4661.54 40000 40000
B 1.4687 1.6927 1.4680 1.6927 NA 4656.4 4658.09 40000 40000
C 1.4687 1.6927 1.4680 1.6927 NA 4656.4 4658.09 40000 40000
D 2.2371 3.1035 2.6226 3.1035 NA 4656.4 4659.50 40000 40000

Mount Zirkel WA
A 0.3954 0.4530 0.2769 0.4530 NA 4656.4 4656.85 40000 40000
B 0.0506 0.0687 0.0412 0.0687 NA 4656.4 4656.47 40000 40000
C 0.0506 0.0687 0.0412 0.0687 NA 4656.4 4656.47 40000 40000
D 0.3268 0.3475 0.2281 0.3475 NA 4656.4 4656.75 40000 40000

West Elk WA 4

A 0.6557 0.8257 0.8252 0.8257 NA 4656.4 4657.23 40000 40000
B 0.1021 0.1358 0.0926 0.1358 NA 4656.4 4656.54 40000 40000
C 0.1021 0.1358 0.0926 0.1358 NA 4656.4 4656.54 40000 40000
D 0.5881 0.7480 0.6153 0.7480 NA 4656.4 4657.15 40000 40000

Sensitive Class II Areas 3

Colorado NM
A 0.5155 0.3738 0.8023 0.8023 NA 4656.4 4657.20 40000 40000
B 0.0616 0.0887 0.1235 0.1235 NA 4656.4 4656.52 40000 40000
C 0.0616 0.0887 0.1235 0.1235 NA 4656.4 4656.52 40000 40000
D 0.3670 0.3137 0.6974 0.6974 NA 4656.4 4657.10 40000 40000

Dinosaur NM
A 0.4279 0.4287 0.4521 0.4521 NA 4656.4 4656.85 40000 40000
B 0.0918 0.0600 0.0863 0.0918 NA 4656.4 4656.49 40000 40000
C 0.0918 0.0600 0.0863 0.0918 NA 4656.4 4656.49 40000 40000
D 0.3387 0.3671 0.3694 0.3694 NA 4656.4 4656.77 40000 40000

Class II Areas (Gridded Receptors)
A 290.9000 201.0600 156.7400 290.9000 NA 4656.4 4947.30 40000 40000
B 31.1610 24.8560 32.1540 32.1540 NA 4656.4 4688.55 40000 40000
C 31.1610 24.8560 32.1540 32.1540 NA 4656.4 4688.55 40000 40000
D 142.7200 98.8950 77.0080 142.7200 NA 4656.4 4799.12 40000 40000

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Table G-11
Maximum Predicted 1-Hour CO Impacts From CRVFO BLM Sources

Max. High 
2nd High 
Modeled 

Conc.
PSD 

Increment 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Max. 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2

The 1-hour CO background concentration was recommended by CDPHE and is based on the monitor at Grand Junction, Mesa County.  (average 
of -2004-2006 data)

Area and 
Alternative

Modeled Concentration
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Pollutant: CO PSD Increments:
Averaging Time: 8-Hour    Class I Area NA

   Class II Area (Non-Sensitive) NA

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.1102 0.0661 0.1468 0.1468 NA 2328.2 2328.35 10000 10000
B 0.0175 0.0114 0.0237 0.0237 NA 2328.2 2328.22 10000 10000
C 0.0175 0.0114 0.0237 0.0237 NA 2328.2 2328.22 10000 10000
D 0.0987 0.0617 0.1361 0.1361 NA 2328.2 2328.34 10000 10000

Eagles Nest WA
A 0.2905 0.2496 0.2267 0.2905 NA 2328.2 2328.49 10000 10000
B 0.0423 0.0323 0.0351 0.0423 NA 2328.2 2328.24 10000 10000
C 0.0423 0.0323 0.0351 0.0423 NA 2328.2 2328.24 10000 10000
D 0.2390 0.2169 0.1915 0.2390 NA 2328.2 2328.44 10000 10000

Flat Tops WA
A 0.9133 1.0615 0.8944 1.0615 NA 2328.2 2329.26 10000 10000
B 0.1148 0.1210 0.0944 0.1210 NA 2328.2 2328.32 10000 10000
C 0.1148 0.1210 0.0944 0.1210 NA 2328.2 2328.32 10000 10000
D 0.5434 0.5918 0.6249 0.6249 NA 2328.2 2328.82 10000 10000

Maroon Bells-
Snowmass WA

A 1.5997 1.1704 1.8301 1.8301 NA 2328.2 2330.03 10000 10000
B 0.3912 0.3370 0.3269 0.3912 NA 2328.2 2328.59 10000 10000
C 0.3912 0.3370 0.3269 0.3912 NA 2328.2 2328.59 10000 10000
D 0.9382 1.1565 0.9192 1.1565 NA 2328.2 2329.36 10000 10000

Mount Zirkel WA
A 0.1884 0.1689 0.1229 0.1884 NA 2328.2 2328.39 10000 10000
B 0.0288 0.0208 0.0187 0.0288 NA 2328.2 2328.23 10000 10000
C 0.0288 0.0208 0.0187 0.0288 NA 2328.2 2328.23 10000 10000
D 0.1719 0.1297 0.1056 0.1719 NA 2328.2 2328.37 10000 10000

West Elk WA 4

A 0.3201 0.5260 0.4217 0.5260 NA 2328.2 2328.73 10000 10000
B 0.0545 0.0801 0.0488 0.0801 NA 2328.2 2328.28 10000 10000
C 0.0545 0.0801 0.0488 0.0801 NA 2328.2 2328.28 10000 10000
D 0.3269 0.4934 0.3510 0.4934 NA 2328.2 2328.69 10000 10000

Sensitive Class II Areas 3

Colorado NM
A 0.2736 0.2171 0.2135 0.2736 NA 2328.2 2328.47 10000 10000
B 0.0381 0.0304 0.0336 0.0381 NA 2328.2 2328.24 10000 10000
C 0.0381 0.0304 0.0336 0.0381 NA 2328.2 2328.24 10000 10000
D 0.2070 0.1832 0.1885 0.2070 NA 2328.2 2328.41 10000 10000

Dinosaur NM
A 0.2214 0.2242 0.2657 0.2657 NA 2328.2 2328.47 10000 10000
B 0.0386 0.0328 0.0367 0.0386 NA 2328.2 2328.24 10000 10000
C 0.0386 0.0328 0.0367 0.0386 NA 2328.2 2328.24 10000 10000
D 0.1936 0.1960 0.2192 0.2192 NA 2328.2 2328.42 10000 10000

Class II Areas (Gridded Receptors)
A 48.4050 33.2730 20.1010 48.4050 NA 2328.2 2376.61 10000 10000
B 5.9998 6.1145 6.1669 6.1669 NA 2328.2 2334.37 10000 10000
C 5.9998 6.1145 6.1669 6.1669 NA 2328.2 2334.37 10000 10000
D 23.8790 16.8050 10.1680 23.8790 NA 2328.2 2352.08 10000 10000

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

The 8-hour CO background concentration was recommended by CDPHE and is based on the monitor at Grand Junction, Mesa County.  
(average of -2004-2006 data)

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are 
for information only; they do not represent a regulatory increment consumption analysis.

Table G-12
Maximum Predicted 8-Hour CO Impacts From CRVFO BLM Sources

Max. 
High 2nd 

High 
Modeled 

Conc.
PSD 

Increment 1

Max. 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2
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Air Quality Related Value: N Deposition

2001 2002 2003
(kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr)

Class I Areas
Arches NP

A 0.0001 0.0000 0.0000 0.0001 0.005 1.9 1.90 3.0
B 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
C 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
D 0.0001 0.0000 0.0000 0.0001 0.005 1.9 1.90 3.0

Eagles Nest WA
A 0.0013 0.0011 0.0016 0.0016 0.005 1.5 1.50 3.0
B 0.0001 0.0001 0.0002 0.0002 0.005 1.5 1.50 3.0
C 0.0001 0.0001 0.0002 0.0002 0.005 1.5 1.50 3.0
D 0.0010 0.0009 0.0012 0.0012 0.005 1.5 1.50 3.0

Flat Tops WA
A 0.0065 0.0057 0.0068 0.0068 0.005 1.5 1.51 3.0
B 0.0008 0.0008 0.0009 0.0009 0.005 1.5 1.50 3.0
C 0.0008 0.0008 0.0009 0.0009 0.005 1.5 1.50 3.0
D 0.0051 0.0045 0.0056 0.0056 0.005 1.5 1.51 3.0

Maroon Bells-
Snowmass WA

A 0.0048 0.0047 0.0056 0.0056 0.005 1.5 1.51 3.0
B 0.0007 0.0006 0.0007 0.0007 0.005 1.5 1.50 3.0
C 0.0007 0.0006 0.0007 0.0007 0.005 1.5 1.50 3.0
D 0.0043 0.0041 0.0047 0.0047 0.005 1.5 1.50 3.0

Mount Zirkel WA
A 0.0006 0.0006 0.0008 0.0008 0.005 2.7 2.70 3.0
B 0.0001 0.0001 0.0001 0.0001 0.005 2.7 2.70 3.0
C 0.0001 0.0001 0.0001 0.0001 0.005 2.7 2.70 3.0
D 0.0005 0.0005 0.0006 0.0006 0.005 2.7 2.70 3.0

West Elk WA 3

A 0.0000 0.0000 0.0000 0.0000 0.005 1.5 1.50 3.0
B 0.0000 0.0000 0.0000 0.0000 0.005 1.5 1.50 3.0
C 0.0001 0.0001 0.0001 0.0001 0.005 1.5 1.50 3.0
D 0.0000 0.0000 0.0000 0.0000 0.005 1.5 1.50 3.0

Sensitive Class II Areas
Colorado NM

A 0.0003 0.0002 0.0002 0.0003 0.005 1.9 1.90 3.0
B 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
C 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
D 0.0002 0.0002 0.0002 0.0002 0.005 1.9 1.90 3.0

Dinosaur NM
A 0.0010 0.0009 0.0009 0.0010 0.005 1.5 1.50 3.0
B 0.0002 0.0001 0.0001 0.0002 0.005 1.5 1.50 3.0
C 0.0002 0.0001 0.0001 0.0002 0.005 1.5 1.50 3.0
D 0.0009 0.0007 0.0007 0.0009 0.005 1.5 1.50 3.0

1

2

   Canyonlands (CAN407) Year 2000:  Arches NP, Colorado NM
   Gothic (GTH161) Year 2000:  Dinosaur NM, Eagles Nest WA, Flat Tops WA, Maroon Bells-Snowmass WA, West Elk WA
   Rocky Nountain NP (ROM206) Year 2002:  Mount Zirkel WA

3

Table G-13
Maximum Predicted Nitrogen Deposition From CRVFO BLM Sources

Maximum 
Modeled 

Deposition DAT 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

The Deposition Analysis Threshold (DAT) is a significance threshold.  If the modeled deposition rate (without adding the background 
concentration) is below the DAT, predicted impacts are considered to be insignificant.

Total 
Deposition

Background 
Deposition 2

Total (wet and dry) nitrogen background deposition values were obtained from the Clean Air Status and Trends Network (CASTNet) web page 
(http://www.epa.gov/castnet/index.html) on December 4, 2008.  The following monitored data was used for each Class I Area:

Area and 
Alternative

Modeled Deposition Level of 
Concern
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Air Quality Related Value: S Deposition

2001 2002 2003
(kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr)

Class I Areas
Arches NP

A 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0

Eagles Nest WA
A 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0

Flat Tops WA
A 0.0000 0.0000 0.0001 0.0001 0.005 0.73 0.73 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
D 0.0001 0.0001 0.0001 0.0001 0.005 0.73 0.73 5.0

Maroon Bells-
Snowmass WA

A 0.0001 0.0001 0.0001 0.0001 0.005 0.73 0.73 5.0
B 0.0001 0.0001 0.0001 0.0001 0.005 0.73 0.73 5.0
C 0.0001 0.0001 0.0001 0.0001 0.005 0.73 0.73 5.0
D 0.0001 0.0001 0.0001 0.0001 0.005 0.73 0.73 5.0

Mount Zirkel WA
A 0.0000 0.0000 0.0000 0.0000 0.005 0.85 0.85 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.85 0.85 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.85 0.85 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.85 0.85 5.0

West Elk WA 4

A 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0

Sensitive Class II Areas
Colorado NM

A 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0

Dinosaur NM
A 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.73 0.73 5.0

1

2

   Canyonlands (CAN407) Year 2000:  Arches NP, Colorado NM
   Gothic (GTH161) Year 2000:  Dinosaur NM, Eagles Nest WA, Flat Tops WA, Maroon Bells-Snowmass WA, West Elk WA
   Rocky Nountain NP (ROM206) Year 2002:  Mount Zirkel WA

4

Total (wet and dry) sulfur background deposition values were obtained from the Clean Air Status and Trends Network (CASTNet) web page 
(http://www.epa.gov/castnet/index.html) on December 4, 2008.  The following monitored data was used for each Class I Area:

Area and 
Alternative

Modeled Deposition Level of 
Concern

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table G-14
Maximum Predicted Sulfur Deposition From CRVFO BLM Sources

Maximum 
Modeled 

Deposition DAT 1

The Deposition Analysis Threshold (DAT) is a significance threshold.  If the modeled deposition rate (without adding the background 
concentration) is below the DAT, predicted impacts are considered to be insignificant.

Total 
Deposition

Background 
Deposition 2
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Air Quality Related Value: Change in Lake ANC

2001 2002 2003
 (eq) (eq) (eq) (eq) (eq) (eq) (%) (%)

Avalanche Lake
A 67.1 56.0 69.7 360,941 36,094 69.7 0.02 0.19
B 9.6 8.1 10.0 360,941 36,094 10.0 0.00 0.03
C 9.6 8.1 10.0 360,941 36,094 10.0 0.00 0.03
D 60.7 51.6 62.4 360,941 36,094 62.4 0.02 0.17

Moon Lake
A 22.5 19.5 23.3 37,444 3,744 23.3 0.06 0.62
B 3.1 2.6 3.1 37,444 3,744 3.1 0.01 0.08
C 3.1 2.6 3.1 37,444 3,744 3.1 0.01 0.08
D 19.8 17.3 20.5 37,444 3,744 20.5 0.05 0.55

Ned Wilson Lake
A 11.2 10.0 12.5 13,883 1,388 12.5 0.09 0.90
B 1.4 1.1 1.6 13,883 1,388 1.6 0.01 0.11
C 1.4 1.1 1.6 13,883 1,388 1.6 0.01 0.11
D 9.0 7.7 10.3 13,883 1,388 10.3 0.07 0.74

Seven Lakes
A 0.8 0.7 1.0 7,647 765 1.0 0.01 0.13
B 0.1 0.1 0.1 7,647 765 0.1 0.00 0.02
C 0.1 0.1 0.1 7,647 765 0.1 0.00 0.02
D 0.7 0.6 0.8 7,647 765 0.8 0.01 0.11

Summit Lake
A 0.3 0.3 0.4 3,024 302 0.4 0.01 0.14
B 0.0 0.0 0.1 3,024 302 0.1 0.00 0.02
C 0.0 0.0 0.1 3,024 302 0.1 0.00 0.02
D 0.3 0.3 0.4 3,024 302 0.4 0.01 0.12

Trappers Lake
A 2,598 2,182 2,860 61,501,904 6,150,190 2,860 0.00 0.05
B 373 295 414 61,501,904 6,150,190 414 0.00 0.01
C 373 295 414 61,501,904 6,150,190 414 0.00 0.01
D 2,238 1,805 2,482 61,501,904 6,150,190 2,482 0.00 0.04

Upper Ned Wilson Lake
A 0.7 0.6 0.8 288 21.2 0.8 0.27 3.72
B 0.1 0.1 0.1 288 21.2 0.1 0.03 0.46
C 0.1 0.1 0.1 288 21.2 0.1 0.03 0.46
D 0.6 0.5 0.6 288 21.2 0.6 0.22 3.05

ANC = acid neutralizing capacity.
eq = equivalents.
LAC = limit of acceptable change.
ueq/l = microequivalents per liter.
N/A = not applicable

1

2

3

H deposition is calculated in accordance with Screening Methodology for Calculating ANC Change to High Elevation Lakes (USFS 2000).

Baseline ANC values were obtained from Jeff Sorkin (USFS) via email to Forrest Cook (URS) on 1/7/2011 and were based on the 10th lowest percentile.

The LAC is 10 percent change for lakes with baseline ANC values greater than 25 ueq/l.  For lakes with lower baseline ANC values, the LAC is <1 
ueq/liter.  For Upper Ned Wilson Lake, the level of acceptable change is 1μeq/l, which is equal to 21.2 eq.  

Table G-15
Maximum Predicted Lake ANC Change From CRVFO BLM Sources

Maximum 
Percent ANC 

ChangeLAC 3
Background 

ANC 2
Maximum 

ANC Change
H Deposition 1

Lake and Alternative

Maximum 
Percent of 

LAC
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Air Quality Related Value: Visibility Change Greater Than or Equal to 0.5 dv

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

Class I Areas
Arches NP

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Eagles Nest WA
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Flat Tops WA
A 4 1 1 4 3 2 2 1 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Maroon Bells-
Snowmass WA

A 0 0 0 0 0 0 1 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Mount Zirkel WA
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

West Elk WA
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Sensitive Class II Areas
Colorado NM

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Dinosaur NM
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

         It uses daily relative humidity data, with f(RH) limited at 90 percent.
    FLAG 2000 Daily:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  (FLAG 2000).  

Visibility calculation methods include the following:
     Protocol:  This method was specified in the Glenwood Springs Field Office Air Quality Assessment Protocol  (BLM-URS 2008b).
     FLAG 2000 Seasonal:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  
         (FLAG 2000). It uses uses seasonal relative humidity data.

Table G-16
Days of Visibility Change ≥0.5 dv in Class I and Sensitive Class II Areas From Project Sources

Area and Alternative

2001 2002 2003
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Air Quality Related Value: Visibility Change Greater Than or Equal to 1.0 dv

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

Class I Areas
Arches NP

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Eagles Nest WA
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Flat Tops WA
A 1 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Maroon Bells-
Snowmass WA

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Mount Zirkel WA
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

West Elk WA
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Sensitive Class II Areas
Colorado NM

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Dinosaur NM
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

         It uses daily relative humidity data, with f(RH) limited at 90 percent.

2003

Table G-17
Days of Visibility Change ≥1.0 dv in Class I and Sensitive Class II Areas From Project Sources

     Protocol:  This method was specified in the Glenwood Springs Field Office Air Quality Assessment Protocol  (BLM-URS 2008b).
     FLAG 2000 Seasonal:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  
         (FLAG 2000). It uses uses seasonal relative humidity data.
    FLAG 2000 Daily:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  (FLAG 2000).  

Visibility calculation methods include the following:

Area and Alternative

2001 2002
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Air Quality Related Value: Visibility Change Greater Than or Equal to 0.5 dv

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

Big Mountain View
A 13 6 4 23 9 5 39 16 8
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Holy Cross View
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Holy Cross 
Wilderness View

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Rabbit's Ear View
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Roan Cliffs View
A 157 139 106 160 153 104 167 157 119
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 1 1 0 2 0 2 0 0 1

         It uses daily relative humidity data, with f(RH) limited at 90 percent.

         (FLAG 2000). It uses uses seasonal relative humidity data.
    FLAG 2000 Daily:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  (FLAG 2000).  

Table G-18
Days of Visibility Change ≥0.5 dv at Scenic Views From CRVFO Project Sources

2001 2002 2003
Area and 

Alternative

Visibility calculation methods include the following:
     Protocol:  This method was specified in the Glenwood Springs Field Office Air Quality Assessment Protocol  (BLM-URS 2008b).
     FLAG 2000 Seasonal:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  

CRVFO RMP Revision
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Air Quality Related Value: Visibility Change Greater Than or Equal to 1.0 dv

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

Big Mountain View
A 0 0 0 1 1 1 1 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Holy Cross View
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Holy Cross 
Wilderness View

A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Rabbit's Ear View
A 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

Roan Cliffs View
A 46 33 12 69 43 20 69 37 20
B 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0

         It uses daily relative humidity data, with f(RH) limited at 90 percent.
    FLAG 2000 Daily:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  (FLAG 2000).  
         (FLAG 2000). It uses uses seasonal relative humidity data.
     FLAG 2000 Seasonal:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  

Table G-19
Days of Visibility Change ≥1.0 dv at Scenic Views From CRVFO Project Sources

     Protocol:  This method was specified in the Glenwood Springs Field Office Air Quality Assessment Protocol  (BLM-URS 2008b).
Visibility calculation methods include the following:

2001 2002 2003

Area and Alternative
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Pollutant: NO2 PSD Increments:
Averaging Time: 1-Hour    Class I Area N/A

   Class II Area (Non-Sensitive) N/A

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.2163 0.1462 0.1970 0.1779 N/A 32.08 32.26 189 N/A
B 0.2570 0.1803 0.1976 0.1894 N/A 32.08 32.27 189 N/A
C 0.2730 0.2205 0.1976 0.2167 N/A 32.08 32.30 189 N/A
D 0.2750 0.2131 0.1974 0.2139 N/A 32.08 32.29 189 N/A

Eagles Nest WA
A 0.3054 0.3585 0.5408 0.3975 N/A 32.08 32.48 189 N/A
B 0.3438 0.4609 0.6255 0.4682 N/A 32.08 32.55 189 N/A
C 0.4979 0.6307 0.7917 0.6052 N/A 32.08 32.69 189 N/A
D 0.4912 0.6471 0.8591 0.6438 N/A 32.08 32.72 189 N/A

Flat Tops WA N/A
A 1.8814 2.3528 2.1602 1.9741 N/A 32.08 34.05 189 N/A
B 1.6700 2.1449 2.1087 1.7829 N/A 32.08 33.86 189 N/A
C 2.0161 2.3092 2.8062 2.2630 N/A 32.08 34.34 189 N/A
D 2.2756 2.8446 2.7376 2.4619 N/A 32.08 34.54 189 N/A

Maroon Bells-
Snowmass WA

A 1.5280 1.8620 1.6696 1.6865 N/A 32.08 33.77 189 N/A
B 1.1180 1.4660 1.3030 1.2688 N/A 32.08 33.35 189 N/A
C 1.3007 1.6467 1.5451 1.4665 N/A 32.08 33.55 189 N/A
D 1.6290 2.2685 1.9570 1.8648 N/A 32.08 33.94 189 N/A

Mount Zirkel WA
A 0.4104 0.5152 0.4679 0.4402 N/A 32.08 32.52 189 N/A
B 0.5286 0.5421 0.5704 0.5229 N/A 32.08 32.60 189 N/A
C 0.6973 0.7089 0.7831 0.6980 N/A 32.08 32.78 189 N/A
D 0.7192 0.7617 0.8198 0.7208 N/A 32.08 32.80 189 N/A

West Elk WA 3

A 0.7312 0.7684 0.7800 0.7578 N/A --- 0.76 189 N/A
B 0.6750 0.8309 0.7401 0.7487 N/A --- 0.75 189 N/A
C 0.7909 1.0178 0.8996 0.9028 N/A --- 0.90 189 N/A
D 0.9626 1.1178 1.0735 1.0513 N/A --- 1.05 189 N/A

Sensitive Class II Areas
Colorado NM

A 1.1411 1.4326 1.5356 1.3526 N/A 32.08 33.43 189 N/A
B 1.2200 1.4615 1.5361 1.3533 N/A 32.08 33.43 189 N/A
C 1.4738 1.6033 1.5631 1.4500 N/A 32.08 33.53 189 N/A
D 1.4599 1.6317 1.5921 1.5155 N/A 32.08 33.60 189 N/A

Dinosaur NM
A 2.0856 2.2265 2.1312 2.0371 N/A 32.08 34.12 189 N/A
B 2.7453 2.9004 2.6649 2.6916 N/A 32.08 34.77 189 N/A
C 3.9303 4.0466 3.9801 3.7392 N/A 32.08 35.82 189 N/A
D 4.2322 4.3620 4.2505 4.0818 N/A 32.08 36.16 189 N/A

Class II Areas (Gridded Receptors)
A 750.8300 853.9900 918.5700 841.1300 N/A 32.08 873.21 189 N/A
B 750.8300 853.9900 918.5700 841.1300 N/A 32.08 873.21 189 N/A
C 750.8300 853.9900 918.5700 841.1300 N/A 32.08 873.21 189 N/A
D 750.8300 853.9900 918.5700 841.1300 N/A 32.08 873.21 189 N/A

1

2

Area and Alternative

Annual 8th High Modeled 
Concentration at Any Receptor

The background concentration data is based on the 98th percentile of 1-hour NO 2 data from a U.S. Forest Service monitor (ID 08-067-1004) 
located in Bayfield, Colorado in La Plata County.

Table H-1
Maximum Predicted 1-Hour NO2 Impacts From CRVFO BLM and Cumulative Sources

3-Year Average 
of Annual Max. 
Modeled 8th-
High Conc. 1 PSD Increment

This is the three-year average of the annual modeled 8th-highest concentration within the area, as determined on a receptor-specific basis.  The three-year 
average in this column is less than the average of the three annual 8th high modeled concentrations when the locations of the annual 8th high receptors vary 
from one year to another.

Max. 
Total 
Conc.

Back-
ground 
Conc. 2
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Pollutant: NO2 PSD Increments:
Averaging Time: Annual    Class I Area 2.5 μg/m3

   Class II Area (Non-Sensitive) 25 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0034 0.0028 0.0030 0.0034 2.5 30.6 30.60 100 100
B 0.0039 0.0030 0.0031 0.0039 2.5 30.6 30.60 100 100
C 0.0045 0.0032 0.0033 0.0045 2.5 30.6 30.60 100 100
D 0.0045 0.0031 0.0033 0.0045 2.5 30.6 30.60 100 100

Eagles Nest WA
A 0.0129 0.0129 0.0155 0.0155 2.5 30.6 30.62 100 100
B 0.0118 0.0118 0.0141 0.0141 2.5 30.6 30.61 100 100
C 0.0144 0.0146 0.0173 0.0173 2.5 30.6 30.62 100 100
D 0.0173 0.0176 0.0207 0.0207 2.5 30.6 30.62 100 100

Flat Tops WA
A 0.1024 0.0961 0.1084 0.1084 2.5 30.6 30.71 100 100
B 0.0826 0.0768 0.0877 0.0877 2.5 30.6 30.69 100 100
C 0.1046 0.0946 0.1111 0.1111 2.5 30.6 30.71 100 100
D 0.1244 0.1212 0.1340 0.1340 2.5 30.6 30.73 100 100

Maroon Bells-
Snowmass WA

A 0.0476 0.0582 0.0532 0.0582 2.5 30.6 30.66 100 100
B 0.0356 0.0410 0.0391 0.0410 2.5 30.6 30.64 100 100
C 0.0399 0.0454 0.0432 0.0454 2.5 30.6 30.65 100 100
D 0.0553 0.0656 0.0598 0.0656 2.5 30.6 30.67 100 100

Mount Zirkel WA
A 0.0190 0.0189 0.0196 0.0196 2.5 30.6 30.62 100 100
B 0.0203 0.0199 0.0213 0.0213 2.5 30.6 30.62 100 100
C 0.0242 0.0231 0.0256 0.0256 2.5 30.6 30.63 100 100
D 0.0257 0.0244 0.0269 0.0269 2.5 30.6 30.63 100 100

West Elk WA 4

A 0.0127 0.0143 0.0160 0.0160 2.5 30.6 30.62 100 100
B 0.0124 0.0140 0.0148 0.0148 2.5 30.6 30.61 100 100
C 0.0149 0.0166 0.0174 0.0174 2.5 30.6 30.62 100 100
D 0.0170 0.0190 0.0208 0.0208 2.5 30.6 30.62 100 100

Sensitive Class II Areas 3

Colorado NM
A 0.0480 0.0547 0.0512 0.0547 2.5 30.6 30.65 100 100
B 0.0500 0.0573 0.0529 0.0573 2.5 30.6 30.66 100 100
C 0.0534 0.0611 0.0553 0.0611 2.5 30.6 30.66 100 100
D 0.0543 0.0615 0.0555 0.0615 2.5 30.6 30.66 100 100

Dinosaur NM
A 0.1629 0.1414 0.1389 0.1629 2.5 30.6 30.76 100 100
B 0.2000 0.1755 0.1672 0.2000 2.5 30.6 30.80 100 100
C 0.2660 0.2348 0.2180 0.2660 2.5 30.6 30.87 100 100
D 0.2692 0.2405 0.2218 0.2692 2.5 30.6 30.87 100 100

Class II Areas (Gridded Receptors)
A 29.0580 32.5940 32.9910 32.9910 25 30.6 63.59 100 100
B 29.0580 32.5940 32.9910 32.9910 25 30.6 63.59 100 100
C 29.0580 32.5940 32.9920 32.9920 25 30.6 63.59 100 100
D 29.0580 32.5940 32.9920 32.9920 25 30.6 63.59 100 100

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Table H-2
Maximum Predicted Annual NO2 Impacts From CRVFO and Cumulative Sources

Max. 
Modeled 

Conc.
PSD Increment 

1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Max. 
Total 
Conc.

Back-
ground 
Conc. 2

The annual NO2 background concentration was recommended by CDPHE and is based on the monitors at Woodmen and Colorado College 
stations, Colorado Springs, El Paso County.  (2005-2006 data).

Area and Alternative

Modeled Concentration
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Pollutant: PM10 PSD Increments:
Averaging Time: 24-Hour    Class I Area 8 μg/m3

   Class II Area 30 μg/m3 (Non-Sensitive)

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.3585 0.2069 0.3238 0.3585 8 56 56.36 150 ---
B 0.4181 0.2205 0.2594 0.4181 8 56 56.42 150 ---
C 0.5132 0.2582 0.3051 0.5132 8 56 56.51 150 ---
D 0.5229 0.2736 0.3078 0.5229 8 56 56.52 150 ---

Eagles Nest WA
A 0.4277 0.7520 0.3633 0.7520 8 56 56.75 150 ---
B 0.3802 0.5242 0.3313 0.5242 8 56 56.52 150 ---
C 0.4295 0.6175 0.3910 0.6175 8 56 56.62 150 ---
D 0.4425 0.6502 0.4056 0.6502 8 56 56.65 150 ---

Flat Tops WA
A 2.9099 3.1295 3.2874 3.2874 8 56 59.29 150 ---
B 1.4110 1.9806 1.5151 1.9806 8 56 57.98 150 ---
C 1.4114 1.9972 1.6962 1.9972 8 56 58.00 150 ---
D 1.4120 2.0005 1.7415 2.0005 8 56 58.00 150 ---

Maroon Bells-
Snowmass WA

A 2.5300 3.1579 3.0012 3.1579 8 56 59.16 150 ---
B 0.3796 0.8073 0.4175 0.8073 8 56 56.81 150 ---
C 0.5185 1.3851 0.5041 1.3851 8 56 57.39 150 ---
D 0.6454 1.5790 0.5916 1.5790 8 56 57.58 150 ---

Mount Zirkel WA
A 0.7373 1.0827 0.8539 1.0827 8 56 57.08 150 ---
B 0.7377 1.0985 0.8665 1.0985 8 56 57.10 150 ---
C 0.7728 1.1290 0.8865 1.1290 8 56 57.13 150 ---
D 0.7792 1.1327 0.8896 1.1327 8 56 57.13 150 ---

West Elk WA 5

A 0.6933 0.5850 0.6328 0.6933 8 56 56.69 150 ---
B 0.3724 0.3857 0.2852 0.3857 8 56 56.39 150 ---
C 0.4450 0.4525 0.3416 0.4525 8 56 56.45 150 ---
D 0.5191 0.4809 0.3702 0.5191 8 56 56.52 150 ---

Sensitive Class II Areas 3

Colorado NM
A 1.7777 1.6892 1.5569 1.7777 8 56 57.78 150 ---
B 1.7792 1.6892 1.5126 1.7792 8 56 57.78 150 ---
C 1.7792 1.6892 1.5338 1.7792 8 56 57.78 150 ---
D 1.7785 1.6892 1.5429 1.7785 8 56 57.78 150 ---

Dinosaur NM
A 3.0134 3.6933 3.2448 3.6933 8 56 59.69 150 ---
B 2.8095 3.7361 3.0293 3.7361 8 56 59.74 150 ---
C 2.9713 3.7946 3.8142 3.8142 8 56 59.81 150 ---
D 2.9956 3.7953 3.7885 3.7953 8 56 59.80 150 ---

Class II Areas (Gridded Receptors)
A 155.3700 176.4000 205.3300 205.3300 30 56 261.33 150 ---
B 155.3800 175.4100 168.3400 175.4100 30 56 231.41 150 ---
C 155.4000 175.9300 168.6500 175.9300 30 56 231.93 150 ---
D 155.4100 176.0500 168.7200 176.0500 30 56 232.05 150 ---

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4 The maximum modeled high 2nd high concentration over all three years (2001-2003).
5

Table H-3
Maximum Predicted 24-Hour PM10 Impacts From CRVFO and Cumulative Sources

Maximum 
High 2nd 

High 
Modeled 

Conc.
PSD 

Increment 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Maximum 
High 2nd 

High Total 
Conc.

Back-
ground 
Conc. 2

The 24-hour PM10 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and 
Alternative

Modeled Concentration
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Pollutant: PM10 PSD Increments:
Averaging Time: Annual    Class I Area 4 μg/m3

   Class II Area (Non-Sensitive) 17 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0189 0.0220 0.0216 0.0220 4 30 30.02 --- 50
B 0.0192 0.0205 0.0195 0.0205 4 30 30.02 --- 50
C 0.0217 0.0227 0.0218 0.0227 4 30 30.02 --- 50
D 0.0222 0.0231 0.0221 0.0231 4 30 30.02 --- 50

Eagles Nest WA
A 0.0874 0.1088 0.0866 0.1088 4 30 30.11 --- 50
B 0.0562 0.0723 0.0612 0.0723 4 30 30.07 --- 50
C 0.0685 0.0893 0.0751 0.0893 4 30 30.09 --- 50
D 0.0742 0.0963 0.0804 0.0963 4 30 30.10 --- 50

Flat Tops WA
A 0.3358 0.3818 0.3892 0.3892 4 30 30.39 --- 50
B 0.1791 0.2019 0.1935 0.2019 4 30 30.20 --- 50
C 0.2124 0.2408 0.2560 0.2560 4 30 30.26 --- 50
D 0.2287 0.2578 0.2751 0.2751 4 30 30.28 --- 50

Maroon Bells-
Snowmass WA

A 0.3153 0.4207 0.4569 0.4569 4 30 30.46 --- 50
B 0.0625 0.0804 0.0686 0.0804 4 30 30.08 --- 50
C 0.0751 0.0958 0.0818 0.0958 4 30 30.10 --- 50
D 0.0922 0.1188 0.1043 0.1188 4 30 30.12 --- 50

Mount Zirkel WA
A 0.1367 0.1511 0.1411 0.1511 4 30 30.15 --- 50
B 0.1161 0.1310 0.1239 0.1310 4 30 30.13 --- 50
C 0.1340 0.1497 0.1417 0.1497 4 30 30.15 --- 50
D 0.1385 0.1539 0.1457 0.1539 4 30 30.15 --- 50

West Elk WA 4

A 0.0590 0.0648 0.0690 0.0690 4 30 30.07 --- 50
B 0.0364 0.0443 0.0401 0.0443 4 30 30.04 --- 50
C 0.0446 0.0523 0.0488 0.0523 4 30 30.05 --- 50
D 0.0486 0.0567 0.0536 0.0567 4 30 30.06 --- 50

Sensitive Class II Areas 3

Colorado NM
A 0.2390 0.2553 0.2476 0.2553 4 30 30.26 --- 50
B 0.2284 0.2419 0.2297 0.2419 4 30 30.24 --- 50
C 0.2383 0.2556 0.2447 0.2556 4 30 30.26 --- 50
D 0.2410 0.2588 0.2473 0.2588 4 30 30.26 --- 50

Dinosaur NM
A 0.6620 0.6864 0.6696 0.6864 4 30 30.69 --- 50
B 0.5057 0.5285 0.5279 0.5285 4 30 30.53 --- 50
C 0.6754 0.7265 0.7090 0.7265 4 30 30.73 --- 50
D 0.6931 0.7444 0.7200 0.7444 4 30 30.74 --- 50

Class II Areas (Gridded Receptors)
A 43.6950 50.4990 49.2570 50.4990 17 30 80.50 --- 50
B 43.6950 50.4950 49.2510 50.4950 17 30 80.50 --- 50
C 43.6980 50.5000 49.2580 50.5000 17 30 80.50 --- 50
D 43.6980 50.5010 49.2580 50.5010 17 30 80.50 --- 50

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table H-4
Maximum Predicted Annual PM10 Impacts From CRVFO and Cumulative Sources

Max. 
Modeled 

Conc.
PSD Increment 

1

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Max. 
Total 
Conc.

Back-
ground 
Conc. 2

The annual PM10 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).
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Pollutant: PM2.5 PSD Increments:
Averaging Time: 24-Hour    Class I Area 2 (μg/m3)

   Class II Area (Non-Sensitive) 9 (μg/m3)

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.2261 0.1231 0.1176 0.1476 2 24 24.15 35 ---
B 0.2437 0.1362 0.1071 0.1550 2 24 24.16 35 ---
C 0.2703 0.1621 0.1213 0.1836 2 24 24.18 35 ---
D 0.2772 0.1664 0.1226 0.1887 2 24 24.19 35 ---

Eagles Nest WA
A 0.2390 0.3657 0.2274 0.2748 2 24 24.27 35 ---
B 0.2222 0.3237 0.2126 0.2522 2 24 24.25 35 ---
C 0.2630 0.3878 0.2447 0.2969 2 24 24.30 35 ---
D 0.2707 0.4019 0.2567 0.3072 2 24 24.31 35 ---

Flat Tops WA
A 0.7120 0.8238 0.8184 0.7847 2 24 24.78 35 ---
B 0.7335 0.7864 0.8198 0.7760 2 24 24.78 35 ---
C 0.7609 0.8925 0.8387 0.8297 2 24 24.83 35 ---
D 0.7600 0.8956 0.8401 0.8319 2 24 24.83 35 ---

Maroon Bells-Snowmass 
WA
A 0.5765 0.7848 0.6974 0.6862 2 24 24.69 35 ---
B 0.2643 0.3329 0.2697 0.2855 2 24 24.29 35 ---
C 0.3260 0.3945 0.3132 0.3437 2 24 24.34 35 ---
D 0.3650 0.4246 0.3406 0.3689 2 24 24.37 35 ---

Mount Zirkel WA
A 0.3740 0.5635 0.4144 0.4470 2 24 24.45 35 ---
B 0.3718 0.5235 0.4094 0.4341 2 24 24.43 35 ---
C 0.4138 0.6190 0.4531 0.4911 2 24 24.49 35 ---
D 0.4195 0.6205 0.4620 0.5001 2 24 24.50 35 ---

West Elk WA 3

A 0.2467 0.2284 0.2054 0.2268 2 24 24.23 35 ---
B 0.2289 0.2035 0.1993 0.2102 2 24 24.21 35 ---
C 0.2537 0.2386 0.2292 0.2400 2 24 24.24 35 ---
D 0.2800 0.2603 0.2504 0.2636 2 24 24.26 35 ---

Sensitive Class II Areas
Colorado NM

A 0.3657 0.3429 0.3175 0.3391 2 24 24.34 35 ---
B 0.3556 0.3705 0.3166 0.3384 2 24 24.34 35 ---
C 0.4330 0.4333 0.3719 0.4042 2 24 24.40 35 ---
D 0.4491 0.4427 0.3740 0.4148 2 24 24.41 35 ---

Dinosaur NM
A 1.5872 1.5269 1.5101 1.5055 2 24 25.51 35 ---
B 1.6076 1.5498 1.4835 1.5326 2 24 25.53 35 ---
C 1.6767 1.6194 1.6803 1.6390 2 24 25.64 35 ---
D 1.6867 1.6280 1.7090 1.6548 2 24 25.65 35 ---

Class II Areas (Gridded Receptors)
A 30.8530 33.0970 50.5820 38.1773 9 24 62.18 35 ---
B 30.9450 33.0980 50.5820 38.2083 9 24 62.21 35 ---
C 31.0810 33.1040 50.5820 38.2557 9 24 62.26 35 ---
D 31.1060 33.1030 50.5820 38.2637 9 24 62.26 35 ---

1

2

3 West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

This is the three-year average of the annual modeled 8th-highest concentration within the area, as determined on a receptor-specific basis.  The three-year average in this 
column is less than the average of the three annual 8th high modeled concentrations when the locations of the annual 8th high receptors vary from one year to another.

The 24-hour PM2.5 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and Alternative

Table H-5
Maximum Predicted 24-Hour PM2.5 Impacts From CRVFO and Cumulative Sources

3-Year Average 
of Annual Max. 
Modeled 8th-
High Conc. 2 PSD Increment 

High 8th 
High Total 

Conc.

Back-
ground 
Conc. 1

Annual 8th-High Modeled 
Concentration at Any Receptor

CRVFO RMP Revision
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Pollutant: PM2.5 PSD Increments:
Averaging Time: Annual    Class I Area 1 (μg/m3)

   Class II Area (Non-Sensitive) 4 (μg/m3)

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0151 0.0160 0.0139 0.0150 1 9 9.01 15 ---
B 0.0158 0.0157 0.0134 0.0150 1 9 9.01 15 ---
C 0.0181 0.0173 0.0148 0.0167 1 9 9.02 15 ---
D 0.0186 0.0175 0.0149 0.0170 1 9 9.02 15 ---

Eagles Nest WA
A 0.0573 0.0752 0.0600 0.0642 1 9 9.06 15 ---
B 0.0456 0.0608 0.0504 0.0523 1 9 9.05 15 ---
C 0.0528 0.0713 0.0586 0.0609 1 9 9.06 15 ---
D 0.0568 0.0759 0.0625 0.0650 1 9 9.07 15 ---

Flat Tops WA
A 0.1603 0.1818 0.1796 0.1739 1 9 9.17 15 ---
B 0.1426 0.1640 0.1552 0.1539 1 9 9.15 15 ---
C 0.1585 0.1828 0.1735 0.1716 1 9 9.17 15 ---
D 0.1646 0.1890 0.1813 0.1783 1 9 9.18 15 ---

Maroon Bells-
Snowmass WA

A 0.1131 0.1454 0.1509 0.1365 1 9 9.14 15 ---
B 0.0458 0.0585 0.0478 0.0507 1 9 9.05 15 ---
C 0.0532 0.0674 0.0552 0.0586 1 9 9.06 15 ---
D 0.0619 0.0787 0.0656 0.0687 1 9 9.07 15 ---

Mount Zirkel WA
A 0.1004 0.1126 0.1050 0.1060 1 9 9.11 15 ---
B 0.0936 0.1062 0.1004 0.1000 1 9 9.10 15 ---
C 0.1038 0.1175 0.1110 0.1108 1 9 9.11 15 ---
D 0.1071 0.1206 0.1139 0.1139 1 9 9.11 15 ---

West Elk WA 2

A 0.0338 0.0408 0.0391 0.0379 1 9 9.04 15 ---
B 0.0264 0.0332 0.0287 0.0294 1 9 9.03 15 ---
C 0.0316 0.0387 0.0341 0.0348 1 9 9.03 15 ---
D 0.0341 0.0419 0.0374 0.0378 1 9 9.04 15 ---

Sensitive Class II Areas
Colorado NM

A 0.0670 0.0809 0.0732 0.0737 1 9 9.07 15 ---
B 0.0646 0.0778 0.0686 0.0703 1 9 9.07 15 ---
C 0.0704 0.0863 0.0760 0.0776 1 9 9.08 15 ---
D 0.0723 0.0883 0.0774 0.0794 1 9 9.08 15 ---

Dinosaur NM
A 0.3859 0.4118 0.4086 0.4021 1 9 9.40 15 ---
B 0.3559 0.3881 0.3862 0.3767 1 9 9.38 15 ---
C 0.4188 0.4541 0.4433 0.4387 1 9 9.44 15 ---
D 0.4290 0.4647 0.4518 0.4485 1 9 9.45 15 ---

Class II Areas (Gridded Receptors)
A 7.7334 9.2117 9.0126 8.6526 4 9 17.65 15 ---
B 7.7342 9.2109 9.0118 8.6523 4 9 17.65 15 ---
C 7.7366 9.2135 9.0148 8.6550 4 9 17.65 15 ---
D 7.7368 9.2135 9.0149 8.6551 4 9 17.66 15 ---

1

2 West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.
The annual PM2.5 background concentration was recommended by CDPHE and is based on the monitor at Rifle, Garfield County (2006 data).

Area and 
Alternative

Modeled Concentration

Table H-6
Maximum Predicted Annual PM2.5 Impacts From CRVFO and Cumulative Sources

Max. Modeled 3 
year Average 

Conc. PSD Increment 

Max. Total 3 
year Average 

Conc.

Back-
ground 
Conc. 1

CRVFO RMP Revision
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Pollutant: SO2 PSD Increments:
Averaging Time: 1-hour    Class I Area N/A μg/m3

   Class II Area (Non-Sensitive) N/A μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0201 0.0072 0.0144 0.0130 N/A 80.82 80.83 195.54 N/A
B 0.0210 0.0073 0.0148 0.0133 N/A 80.82 80.83 195.54 N/A
C 0.0215 0.0081 0.0152 0.0140 N/A 80.82 80.83 195.54 N/A
D 0.0221 0.0088 0.0159 0.0146 N/A 80.82 80.83 195.54 N/A

Eagles Nest WA
A 0.0338 0.0347 0.0269 0.0306 N/A 80.82 80.85 195.54 N/A
B 0.0340 0.0347 0.0275 0.0310 N/A 80.82 80.85 195.54 N/A
C 0.0358 0.0347 0.0286 0.0316 N/A 80.82 80.85 195.54 N/A
D 0.0373 0.0347 0.0304 0.0328 N/A 80.82 80.85 195.54 N/A

Flat Tops WA N/A
A 0.0924 0.0779 0.0864 0.0817 N/A 80.82 80.90 195.54 N/A
B 0.0936 0.0786 0.0907 0.0836 N/A 80.82 80.90 195.54 N/A
C 0.0947 0.0796 0.0966 0.0861 N/A 80.82 80.91 195.54 N/A
D 0.0963 0.0824 0.1027 0.0911 N/A 80.82 80.91 195.54 N/A

Maroon Bells-
Snowmass WA

A 0.0513 0.0450 0.0427 0.0424 N/A 80.82 80.86 195.54 N/A
B 0.0531 0.0456 0.0444 0.0438 N/A 80.82 80.86 195.54 N/A
C 0.0553 0.0477 0.0473 0.0456 N/A 80.82 80.87 195.54 N/A
D 0.0589 0.0502 0.0504 0.0476 N/A 80.82 80.87 195.54 N/A

Mount Zirkel WA
A 0.0325 0.0408 0.0391 0.0374 N/A 80.82 80.86 195.54 N/A
B 0.0333 0.0421 0.0398 0.0383 N/A 80.82 80.86 195.54 N/A
C 0.0342 0.0437 0.0404 0.0393 N/A 80.82 80.86 195.54 N/A
D 0.0353 0.0454 0.0411 0.0403 N/A 80.82 80.86 195.54 N/A

West Elk WA 3

A 0.0315 0.0310 0.0278 0.0298 N/A 80.82 80.85 195.54 N/A
B 0.0324 0.0322 0.0291 0.0307 N/A 80.82 80.85 195.54 N/A
C 0.0339 0.0334 0.0302 0.0321 N/A 80.82 80.85 195.54 N/A
D 0.0356 0.0345 0.0318 0.0336 N/A 80.82 80.85 195.54 N/A

Sensitive Class II Areas
Colorado NM

A 0.0682 0.0549 0.0989 0.0732 N/A 80.82 80.89 195.54 N/A
B 0.0692 0.0566 0.0997 0.0746 N/A 80.82 80.89 195.54 N/A
C 0.0710 0.0576 0.1013 0.0762 N/A 80.82 80.90 195.54 N/A
D 0.0729 0.0588 0.1028 0.0774 N/A 80.82 80.90 195.54 N/A

Dinosaur NM
A 0.3042 0.4520 0.5368 0.4135 N/A 80.82 81.23 195.54 N/A
B 0.3073 0.4525 0.5393 0.4170 N/A 80.82 81.24 195.54 N/A
C 0.3117 0.4531 0.5426 0.4219 N/A 80.82 81.24 195.54 N/A
D 0.3156 0.4537 0.5448 0.4262 N/A 80.82 81.25 195.54 N/A

Class II Areas (Gridded Receptors)
A 88.2930 108.6000 120.2100 105.7010 N/A 80.82 186.52 195.54 N/A
B 88.2930 108.6100 120.2200 105.7077 N/A 80.82 186.53 195.54 N/A
C 88.2930 108.6300 120.2300 105.7177 N/A 80.82 186.54 195.54 N/A
D 88.2930 108.6700 120.2500 105.7377 N/A 80.82 186.56 195.54 N/A

1

2

3

Modeled Concentration1

Maximum 99th percentile daily maximum 1-hour average SO2 values are reported for "Modeled Concentration."
The background concentration data is based on the 99th percentile of year 2006 1-hour SO2 data from a monitor (ID 08-031-0002) located on Broadway Street, 
Denver, Colorado in Denver County.
West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table H-7
Maximum Predicted 1-hour SO2 Impacts From CRVFO Project and Cumulative Sources

Max. Modeled 3-
Year Average 

4th High Daily 1-
hour Conc. PSD Increment

Max. 
Total 
Conc.

Back-
ground 
Conc.

Area and Alternative

CRVFO RMP Revision
ARTSD, Appendix H H-9



Pollutant: SO2 PSD Increments:
Averaging Time: 3-Hour    Class I Area 25 μg/m3

   Class II Area (Non-Sensitive) 512 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0290 0.0081 0.0168 0.0290 25 66.6 66.63 1300 700
B 0.0300 0.0085 0.0175 0.0300 25 66.6 66.63 1300 700
C 0.0312 0.0090 0.0183 0.0312 25 66.6 66.63 1300 700
D 0.0324 0.0095 0.0192 0.0324 25 66.6 66.63 1300 700

Eagles Nest WA
A 0.0311 0.0235 0.0219 0.0311 25 66.6 66.63 1300 700
B 0.0314 0.0242 0.0230 0.0314 25 66.6 66.63 1300 700
C 0.0317 0.0250 0.0246 0.0317 25 66.6 66.63 1300 700
D 0.0322 0.0253 0.0260 0.0322 25 66.6 66.63 1300 700

Flat Tops WA
A 0.0778 0.0762 0.0905 0.0905 25 66.6 66.69 1300 700
B 0.0778 0.0762 0.0908 0.0908 25 66.6 66.69 1300 700
C 0.0778 0.0762 0.0911 0.0911 25 66.6 66.69 1300 700
D 0.0778 0.0763 0.0914 0.0914 25 66.6 66.69 1300 700

Maroon Bells-
Snowmass WA

A 0.0409 0.0353 0.0409 0.0409 25 66.6 66.64 1300 700
B 0.0426 0.0376 0.0413 0.0426 25 66.6 66.64 1300 700
C 0.0453 0.0398 0.0420 0.0453 25 66.6 66.65 1300 700
D 0.0478 0.0429 0.0441 0.0478 25 66.6 66.65 1300 700

Mount Zirkel WA
A 0.0321 0.0434 0.0330 0.0434 25 66.6 66.64 1300 700
B 0.0325 0.0440 0.0343 0.0440 25 66.6 66.64 1300 700
C 0.0330 0.0447 0.0362 0.0447 25 66.6 66.64 1300 700
D 0.0335 0.0456 0.0378 0.0456 25 66.6 66.65 1300 700

West Elk WA 4

A 0.0298 0.0357 0.0427 0.0427 25 66.6 66.64 1300 700
B 0.0309 0.0372 0.0428 0.0428 25 66.6 66.64 1300 700
C 0.0324 0.0396 0.0429 0.0429 25 66.6 66.64 1300 700
D 0.0340 0.0423 0.0430 0.0430 25 66.6 66.64 1300 700

Sensitive Class II Areas 3

Colorado NM
A 0.0774 0.0538 0.1091 0.1091 25 66.6 66.71 1300 700
B 0.0792 0.0562 0.1107 0.1107 25 66.6 66.71 1300 700
C 0.0817 0.0588 0.1124 0.1124 25 66.6 66.71 1300 700
D 0.0839 0.0613 0.1142 0.1142 25 66.6 66.71 1300 700

Dinosaur NM
A 0.3242 0.3812 0.2890 0.3812 25 66.6 66.98 1300 700
B 0.3255 0.3833 0.2913 0.3833 25 66.6 66.98 1300 700
C 0.3275 0.3856 0.2944 0.3856 25 66.6 66.99 1300 700
D 0.3294 0.3885 0.2975 0.3885 25 66.6 66.99 1300 700

Class II Areas (Gridded Receptors)
A 57.4890 77.0730 92.7170 92.7170 512 66.6 159.32 1300 700
B 57.5080 77.0880 92.7230 92.7230 512 66.6 159.32 1300 700
C 57.5310 77.1100 92.7260 92.7260 512 66.6 159.33 1300 700
D 57.5180 77.1240 92.7560 92.7560 512 66.6 159.36 1300 700

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table H-8
Maximum Predicted 3-Hour SO2 Impacts From CRVFO and Cumulative Sources

Max. 
High 2nd 

High 
Modeled 

Conc.
PSD 

Increment 1

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are 
for information only; they do not represent a regulatory increment consumption analysis.

Max. 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2

The 3-hour SO2 background concentration was recommended by CDPHE and is based on the monitor at Colorado College, Colorado Springs, El 
Paso County.  (2005-2006 data)

CRVFO RMP Revision
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Pollutant: SO2 PSD Increments:
Averaging Time: 24-Hour    Class I Area 5 μg/m3

   Class II Area (Non-Sensitive) 91 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0104 0.0031 0.0047 0.0104 5 34.6 34.61 365 365
B 0.0108 0.0032 0.0050 0.0108 5 34.6 34.61 365 365
C 0.0113 0.0035 0.0053 0.0113 5 34.6 34.61 365 365
D 0.0119 0.0037 0.0057 0.0119 5 34.6 34.61 365 365

Eagles Nest WA
A 0.0083 0.0073 0.0072 0.0083 5 34.6 34.61 365 365
B 0.0088 0.0074 0.0075 0.0088 5 34.6 34.61 365 365
C 0.0097 0.0077 0.0079 0.0097 5 34.6 34.61 365 365
D 0.0102 0.0079 0.0084 0.0102 5 34.6 34.61 365 365

Flat Tops WA
A 0.0215 0.0190 0.0233 0.0233 5 34.6 34.62 365 365
B 0.0217 0.0194 0.0238 0.0238 5 34.6 34.62 365 365
C 0.0219 0.0200 0.0245 0.0245 5 34.6 34.62 365 365
D 0.0221 0.0207 0.0250 0.0250 5 34.6 34.62 365 365

Maroon Bells-
Snowmass WA

A 0.0124 0.0095 0.0092 0.0124 5 34.6 34.61 365 365
B 0.0130 0.0097 0.0094 0.0130 5 34.6 34.61 365 365
C 0.0138 0.0101 0.0099 0.0138 5 34.6 34.61 365 365
D 0.0147 0.0108 0.0105 0.0147 5 34.6 34.61 365 365

Mount Zirkel WA
A 0.0094 0.0122 0.0111 0.0122 5 34.6 34.61 365 365
B 0.0096 0.0125 0.0114 0.0125 5 34.6 34.61 365 365
C 0.0098 0.0129 0.0118 0.0129 5 34.6 34.61 365 365
D 0.0100 0.0134 0.0123 0.0134 5 34.6 34.61 365 365

West Elk WA 4

A 0.0072 0.0091 0.0091 0.0091 5 34.6 34.61 365 365
B 0.0075 0.0096 0.0094 0.0096 5 34.6 34.61 365 365
C 0.0078 0.0101 0.0098 0.0101 5 34.6 34.61 365 365
D 0.0082 0.0106 0.0102 0.0106 5 34.6 34.61 365 365

Sensitive Class II Areas 3

Colorado NM
A 0.0193 0.0161 0.0218 0.0218 5 34.6 34.62 365 365
B 0.0195 0.0171 0.0222 0.0222 5 34.6 34.62 365 365
C 0.0203 0.0183 0.0226 0.0226 5 34.6 34.62 365 365
D 0.0217 0.0193 0.0231 0.0231 5 34.6 34.62 365 365

Dinosaur NM
A 0.0567 0.0707 0.0719 0.0719 5 34.6 34.67 365 365
B 0.0570 0.0712 0.0732 0.0732 5 34.6 34.67 365 365
C 0.0573 0.0719 0.0747 0.0747 5 34.6 34.67 365 365
D 0.0576 0.0726 0.0765 0.0765 5 34.6 34.68 365 365

Class II Areas (Gridded Receptors)
A 17.2310 23.3340 22.9400 23.3340 91 34.6 57.93 365 365
B 17.2380 23.3410 22.9490 23.3410 91 34.6 57.94 365 365
C 17.2520 23.3540 22.9660 23.3540 91 34.6 57.95 365 365
D 17.2670 23.3650 22.9840 23.3650 91 34.6 57.97 365 365

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Table H-9
Maximum Predicted 24-Hour SO2 Impacts From CRVFO and Cumulative Sources

Max. 
High 2nd 

High 
Modeled 

Conc. PSD Increment 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are 
for information only; they do not represent a regulatory increment consumption analysis.

Max 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2

The 24-hour SO2 background concentration was recommended by CDPHE and is based on the monitor at Colorado College, Colorado Springs, 
El Paso County.  (2005-2006 data)

Area and 
Alternative

Modeled Concentration

CRVFO RMP Revision
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Pollutant: SO2 PSD Increments:
Averaging Time: Annual    Class I Area 2 μg/m3

   Class II Area (Non-Sensitive) 20 μg/m3

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 0.0003 0.0002 0.0002 0.0003 2 5.3 5.30 80 80
B 0.0003 0.0002 0.0002 0.0003 2 5.3 5.30 80 80
C 0.0003 0.0002 0.0002 0.0003 2 5.3 5.30 80 80
D 0.0003 0.0002 0.0002 0.0003 2 5.3 5.30 80 80

Eagles Nest WA
A 0.0008 0.0009 0.0008 0.0009 2 5.3 5.30 80 80
B 0.0009 0.0010 0.0009 0.0010 2 5.3 5.30 80 80
C 0.0009 0.0010 0.0009 0.0010 2 5.3 5.30 80 80
D 0.0010 0.0011 0.0010 0.0011 2 5.3 5.30 80 80

Flat Tops WA
A 0.0028 0.0031 0.0032 0.0032 2 5.3 5.30 80 80
B 0.0029 0.0032 0.0033 0.0033 2 5.3 5.30 80 80
C 0.0032 0.0034 0.0036 0.0036 2 5.3 5.30 80 80
D 0.0034 0.0037 0.0039 0.0039 2 5.3 5.30 80 80

Maroon Bells-
Snowmass WA

A 0.0009 0.0010 0.0009 0.0010 2 5.3 5.30 80 80
B 0.0009 0.0010 0.0009 0.0010 2 5.3 5.30 80 80
C 0.0010 0.0011 0.0009 0.0011 2 5.3 5.30 80 80
D 0.0011 0.0012 0.0010 0.0012 2 5.3 5.30 80 80

Mount Zirkel WA
A 0.0014 0.0015 0.0015 0.0015 2 5.3 5.30 80 80
B 0.0015 0.0015 0.0015 0.0015 2 5.3 5.30 80 80
C 0.0016 0.0016 0.0016 0.0016 2 5.3 5.30 80 80
D 0.0016 0.0016 0.0017 0.0017 2 5.3 5.30 80 80

West Elk WA 4

A 0.0005 0.0005 0.0005 0.0005 2 5.3 5.30 80 80
B 0.0005 0.0006 0.0006 0.0006 2 5.3 5.30 80 80
C 0.0006 0.0006 0.0006 0.0006 2 5.3 5.30 80 80
D 0.0006 0.0006 0.0006 0.0006 2 5.3 5.30 80 80

Sensitive Class II Areas 3

Colorado NM
A 0.0010 0.0011 0.0012 0.0012 2 5.3 5.30 80 80
B 0.0011 0.0011 0.0012 0.0012 2 5.3 5.30 80 80
C 0.0011 0.0012 0.0013 0.0013 2 5.3 5.30 80 80
D 0.0012 0.0012 0.0014 0.0014 2 5.3 5.30 80 80

Dinosaur NM
A 0.0138 0.0122 0.0111 0.0138 2 5.3 5.31 80 80
B 0.0142 0.0126 0.0115 0.0142 2 5.3 5.31 80 80
C 0.0146 0.0130 0.0118 0.0146 2 5.3 5.31 80 80
D 0.0151 0.0135 0.0122 0.0151 2 5.3 5.32 80 80

Class II Areas (Gridded Receptors)
A 2.3573 3.0914 3.0105 3.0914 20 5.3 8.39 80 80
B 2.3601 3.0936 3.0137 3.0936 20 5.3 8.39 80 80
C 2.3635 3.0978 3.0175 3.0978 20 5.3 8.40 80 80
D 2.3661 3.1017 3.0202 3.1017 20 5.3 8.40 80 80

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table H-10
Maximum Predicted Annual SO2 Impacts From CRVFO and Cumulative Sources

Max. 
Modeled 

Conc. PSD Increment 1

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Max. 
Total 
Conc.

Back-
ground 
Conc. 2

The 24-hour SO2 background concentration was recommended by CDPHE and is based on the monitor at Colorado College, Colorado Springs, El 
Paso County.  (2005-2006 data)

CRVFO RMP Revision
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Pollutant: CO PSD Increments:
Averaging Time: 1-Hour    Class I Area NA

   Class II Area (Non-Sensitive) NA

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 2.4458 1.8439 3.4685 3.4685 NA 4656.4 4659.87 40000 40000
B 2.9904 1.8967 4.7319 4.7319 NA 4656.4 4661.13 40000 40000
C 4.4239 1.9540 7.0914 7.0914 NA 4656.4 4663.49 40000 40000
D 4.5258 1.9383 7.4483 7.4483 NA 4656.4 4663.85 40000 40000

Eagles Nest WA
A 4.8265 3.6702 3.3271 4.8265 NA 4656.4 4661.23 40000 40000
B 4.6295 3.8262 4.6217 4.6295 NA 4656.4 4661.03 40000 40000
C 5.9409 5.3621 6.7231 6.7231 NA 4656.4 4663.12 40000 40000
D 7.6206 5.7840 7.3883 7.6206 NA 4656.4 4664.02 40000 40000

Flat Tops WA
A 5.1544 6.7590 6.6997 6.7590 NA 4656.4 4663.16 40000 40000
B 7.2256 7.2282 8.9508 8.9508 NA 4656.4 4665.35 40000 40000
C 9.1364 10.0160 10.4060 10.4060 NA 4656.4 4666.81 40000 40000
D 9.2746 10.7340 11.7700 11.7700 NA 4656.4 4668.17 40000 40000

Maroon Bells-
Snowmass WA

A 7.0500 8.0009 6.5311 8.0009 NA 4656.4 4664.40 40000 40000
B 8.5636 9.9922 6.0471 9.9922 NA 4656.4 4666.39 40000 40000
C 11.8880 13.9600 8.4520 13.9600 NA 4656.4 4670.36 40000 40000
D 13.3300 14.8370 9.3500 14.8370 NA 4656.4 4671.24 40000 40000

Mount Zirkel WA
A 3.4717 4.5173 6.0133 6.0133 NA 4656.4 4662.41 40000 40000
B 3.4717 4.8636 6.1067 6.1067 NA 4656.4 4662.51 40000 40000
C 4.2959 6.0585 6.3695 6.3695 NA 4656.4 4662.77 40000 40000
D 4.3764 6.2751 6.4613 6.4613 NA 4656.4 4662.86 40000 40000

West Elk WA 4

A 3.8688 4.0646 4.5769 4.5769 NA 4656.4 4660.98 40000 40000
B 4.9464 5.1299 4.8579 5.1299 NA 4656.4 4661.53 40000 40000
C 7.1622 6.8938 7.0560 7.1622 NA 4656.4 4663.56 40000 40000
D 7.4237 7.7808 8.2409 8.2409 NA 4656.4 4664.64 40000 40000

Sensitive Class II Areas 3

Colorado NM
A 4.4010 4.5012 5.9566 5.9566 NA 4656.4 4662.36 40000 40000
B 4.5826 4.5167 8.0633 8.0633 NA 4656.4 4664.46 40000 40000
C 6.2986 6.0759 11.5760 11.5760 NA 4656.4 4667.98 40000 40000
D 6.9642 6.5382 12.3320 12.3320 NA 4656.4 4668.73 40000 40000

Dinosaur NM
A 9.9114 14.3610 20.9520 20.9520 NA 4656.4 4677.35 40000 40000
B 11.6210 14.6110 20.9520 20.9520 NA 4656.4 4677.35 40000 40000
C 17.2030 15.3090 20.9550 20.9550 NA 4656.4 4677.36 40000 40000
D 18.1100 15.6230 20.9550 20.9550 NA 4656.4 4677.36 40000 40000

Class II Areas (Gridded Receptors)
A 1362.3000 1184.7000 1067.6000 1362.3000 NA 4656.4 6018.70 40000 40000
B 1362.3000 1424.2000 1067.9000 1424.2000 NA 4656.4 6080.60 40000 40000
C 1362.3000 1424.4000 1068.0000 1424.4000 NA 4656.4 6080.80 40000 40000
D 1362.3000 1231.3000 1067.9000 1362.3000 NA 4656.4 6018.70 40000 40000

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Table H-11
Maximum Predicted 1-Hour CO Impacts From CRVFO and Cumulative Sources

Max. High 
2nd High 
Modeled 

Conc.
PSD 

Increment 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are for 
information only; they do not represent a regulatory increment consumption analysis.

Max. 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2

The 1-hour CO background concentration was recommended by CDPHE and is based on the monitor at Grand Junction, Mesa County.  (average of -
2004-2006 data)

Area and 
Alternative

Modeled Concentration
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Pollutant: CO PSD Increments:
Averaging Time: 8-Hour    Class I Area NA

   Class II Area (Non-Sensitive) NA

2001 2002 2003 NAAQS CAAQS
(μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3) (μg/m3)

Class I Areas
Arches NP

A 1.5477 1.0514 1.0168 1.5477 NA 2328.2 2329.75 10000 10000
B 2.1677 1.1063 1.4053 2.1677 NA 2328.2 2330.37 10000 10000
C 2.9729 1.2007 2.0591 2.9729 NA 2328.2 2331.17 10000 10000
D 3.1368 1.2375 2.0411 3.1368 NA 2328.2 2331.34 10000 10000

Eagles Nest WA
A 1.3515 1.7893 2.2977 2.2977 NA 2328.2 2330.50 10000 10000
B 1.5288 1.8289 2.6812 2.6812 NA 2328.2 2330.88 10000 10000
C 2.2086 2.4904 3.6545 3.6545 NA 2328.2 2331.85 10000 10000
D 2.2571 2.8387 3.9884 3.9884 NA 2328.2 2332.19 10000 10000

Flat Tops WA
A 2.8709 2.9043 2.8199 2.9043 NA 2328.2 2331.10 10000 10000
B 3.0585 4.0237 3.5439 4.0237 NA 2328.2 2332.22 10000 10000
C 3.9921 5.6570 4.8696 5.6570 NA 2328.2 2333.86 10000 10000
D 4.5491 6.1565 5.2646 6.1565 NA 2328.2 2334.36 10000 10000

Maroon Bells-
Snowmass WA

A 3.3825 3.1508 3.3374 3.3825 NA 2328.2 2331.58 10000 10000
B 3.4370 3.0305 3.1028 3.4370 NA 2328.2 2331.64 10000 10000
C 4.8275 4.0136 4.0392 4.8275 NA 2328.2 2333.03 10000 10000
D 5.3741 5.0938 5.0276 5.3741 NA 2328.2 2333.57 10000 10000

Mount Zirkel WA
A 1.2801 2.2181 1.5108 2.2181 NA 2328.2 2330.42 10000 10000
B 1.6567 2.5639 2.0004 2.5639 NA 2328.2 2330.76 10000 10000
C 2.3251 3.4196 2.7016 3.4196 NA 2328.2 2331.62 10000 10000
D 2.4998 3.6592 2.8319 3.6592 NA 2328.2 2331.86 10000 10000

West Elk WA 4

A 2.1607 2.1139 1.9039 2.1607 NA 2328.2 2330.36 10000 10000
B 2.6137 2.5196 2.1715 2.6137 NA 2328.2 2330.81 10000 10000
C 3.5894 3.5948 2.9799 3.5948 NA 2328.2 2331.79 10000 10000
D 3.8514 3.7722 3.3329 3.8514 NA 2328.2 2332.05 10000 10000

Sensitive Class II Areas 3

Colorado NM
A 2.6298 2.2957 2.9218 2.9218 NA 2328.2 2331.12 10000 10000
B 2.7168 2.9858 3.6544 3.6544 NA 2328.2 2331.85 10000 10000
C 4.0661 4.3169 4.9734 4.9734 NA 2328.2 2333.17 10000 10000
D 4.2400 4.5480 5.2820 5.2820 NA 2328.2 2333.48 10000 10000

Dinosaur NM
A 4.5543 4.0513 4.5764 4.5764 NA 2328.2 2332.78 10000 10000
B 6.1316 5.4233 6.3816 6.3816 NA 2328.2 2334.58 10000 10000
C 8.7515 7.5312 9.3317 9.3317 NA 2328.2 2337.53 10000 10000
D 9.1344 7.8305 9.6545 9.6545 NA 2328.2 2337.85 10000 10000

Class II Areas (Gridded Receptors)
A 182.4000 268.8700 135.0300 268.8700 NA 2328.2 2597.07 10000 10000
B 182.4100 323.2000 141.6200 323.2000 NA 2328.2 2651.40 10000 10000
C 182.4600 324.0600 156.3600 324.0600 NA 2328.2 2652.26 10000 10000
D 182.4600 280.9500 135.2900 280.9500 NA 2328.2 2609.15 10000 10000

1

2

3 For sensitive Class II areas, PSD increment comparisons are based on Class I PSD increments.
4

Area and 
Alternative

Modeled Concentration

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table H-12
Maximum Predicted 8-Hour CO Impacts From CRVFO and Cumulative Sources

Max. 
High 2nd 

High 
Modeled 

Conc.
PSD 

Increment 1

Background concentrations are not added to the modeled concentration when comparing to PSD increments.  PSD increment comparisons are 
for information only; they do not represent a regulatory increment consumption analysis.

Max. 
High 2nd 

High 
Total 
Conc.

Back-
ground 
Conc. 2

The 8-hour CO background concentration was recommended by CDPHE and is based on the monitor at Grand Junction, Mesa County.  
(average of -2004-2006 data)
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Air Quality Related Value: N Deposition

2001 2002 2003
(kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr)

Class I Areas
Arches NP

A 0.0029 0.0017 0.0021 0.0029 0.005 1.9 1.90 3.0
B 0.0031 0.0018 0.0023 0.0031 0.005 1.9 1.90 3.0
C 0.0036 0.0019 0.0025 0.0036 0.005 1.9 1.90 3.0
D 0.0037 0.0019 0.0026 0.0037 0.005 1.9 1.90 3.0

Eagles Nest WA
A 0.0105 0.0110 0.0143 0.0143 0.005 1.5 1.51 3.0
B 0.0101 0.0110 0.0143 0.0143 0.005 1.5 1.51 3.0
C 0.0123 0.0134 0.0177 0.0177 0.005 1.5 1.52 3.0
D 0.0140 0.0150 0.0201 0.0201 0.005 1.5 1.52 3.0

Flat Tops WA
A 0.0405 0.0363 0.0459 0.0459 0.005 1.5 1.55 3.0
B 0.0406 0.0352 0.0453 0.0453 0.005 1.5 1.55 3.0
C 0.0513 0.0448 0.0568 0.0568 0.005 1.5 1.56 3.0
D 0.0575 0.0501 0.0636 0.0636 0.005 1.5 1.56 3.0

Maroon Bells-
Snowmass WA

A 0.0237 0.0191 0.0248 0.0248 0.005 1.5 1.52 3.0
B 0.0211 0.0162 0.0216 0.0216 0.005 1.5 1.52 3.0
C 0.0247 0.0184 0.0250 0.0250 0.005 1.5 1.52 3.0
D 0.0307 0.0236 0.0313 0.0313 0.005 1.5 1.53 3.0

Mount Zirkel WA
A 0.0139 0.0135 0.0169 0.0169 0.005 2.7 2.72 3.0
B 0.0152 0.0144 0.0182 0.0182 0.005 2.7 2.72 3.0
C 0.0184 0.0170 0.0221 0.0221 0.005 2.7 2.72 3.0
D 0.0193 0.0179 0.0232 0.0232 0.005 2.7 2.72 3.0

West Elk WA 3

A 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
B 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
C 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0
D 0.0000 0.0000 0.0000 0.0000 0.005 1.9 1.90 3.0

Sensitive Class II Areas
Colorado NM

A 0.0139 0.0156 0.0178 0.0178 0.005 1.9 1.92 3.0
B 0.0148 0.0167 0.0190 0.0190 0.005 1.9 1.92 3.0
C 0.0164 0.0184 0.0209 0.0209 0.005 1.9 1.92 3.0
D 0.0167 0.0185 0.0211 0.0211 0.005 1.9 1.92 3.0

Dinosaur NM
A 0.0612 0.0498 0.0570 0.0612 0.005 1.5 1.56 3.0
B 0.0733 0.0595 0.0665 0.0733 0.005 1.5 1.57 3.0
C 0.0948 0.0772 0.0836 0.0948 0.005 1.5 1.59 3.0
D 0.0960 0.0789 0.0847 0.0960 0.005 1.5 1.60 3.0

1

2

   Canyonlands (CAN407) Year 2000:  Arches NP, Colorado NM
   Gothic (GTH161) Year 2000:  Dinosaur NM, Eagles Nest WA, Flat Tops WA, Maroon Bells-Snowmass WA, West Elk WA
   Rocky Nountain NP (ROM206) Year 2002:  Mount Zirkel WA

3

Table H-13
Maximum Predicted Nitrogen Deposition From CRVFO and Cumulative Sources

Maximum 
Modeled 

Deposition DAT 1

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

The Deposition Analysis Threshold (DAT) is a significance threshold.  If the modeled deposition rate (without adding the background 
concentration) is below the DAT, predicted impacts are considered to be insignificant.

Total 
Deposition

Background 
Deposition 2

Total (wet and dry) nitrogen background deposition values were obtained from the Clean Air Status and Trends Network (CASTNet) web page 
(http://www.epa.gov/castnet/index.html) on December 4, 2008.  The following monitored data was used for each Class I Area:

Area and 
Alternative

Modeled Deposition Level of 
Concern
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Air Quality Related Value: S Deposition

2001 2002 2003
(kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (kg/ha/yr)

Class I Areas
Arches NP

A 0.0001 0.0001 0.0001 0.0001 0.005 0.64 0.64 5.0
B 0.0001 0.0001 0.0001 0.0001 0.005 0.64 0.64 5.0
C 0.0001 0.0001 0.0001 0.0001 0.005 0.64 0.64 5.0
D 0.0001 0.0001 0.0001 0.0001 0.005 0.64 0.64 5.0

Eagles Nest WA
A 0.0006 0.0006 0.0007 0.0007 0.005 0.73 0.73 5.0
B 0.0006 0.0006 0.0007 0.0007 0.005 0.73 0.73 5.0
C 0.0006 0.0007 0.0008 0.0008 0.005 0.73 0.73 5.0
D 0.0007 0.0007 0.0008 0.0008 0.005 0.73 0.73 5.0

Flat Tops WA
A 0.0021 0.0021 0.0022 0.0022 0.005 0.73 0.73 5.0
B 0.0022 0.0022 0.0024 0.0024 0.005 0.73 0.73 5.0
C 0.0024 0.0024 0.0026 0.0026 0.005 0.73 0.73 5.0
D 0.0026 0.0026 0.0028 0.0028 0.005 0.73 0.73 5.0

Maroon Bells-
Snowmass WA

A 0.0006 0.0005 0.0006 0.0006 0.005 0.73 0.73 5.0
B 0.0007 0.0005 0.0006 0.0007 0.005 0.73 0.73 5.0
C 0.0007 0.0005 0.0007 0.0007 0.005 0.73 0.73 5.0
D 0.0008 0.0006 0.0008 0.0008 0.005 0.73 0.73 5.0

Mount Zirkel WA
A 0.0010 0.0009 0.0011 0.0011 0.005 0.85 0.85 5.0
B 0.0011 0.0010 0.0012 0.0012 0.005 0.85 0.85 5.0
C 0.0011 0.0010 0.0013 0.0013 0.005 0.85 0.85 5.0
D 0.0012 0.0011 0.0013 0.0013 0.005 0.85 0.85 5.0

West Elk WA 3

A 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
B 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
C 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0
D 0.0000 0.0000 0.0000 0.0000 0.005 0.64 0.64 5.0

Sensitive Class II Areas
Colorado NM

A 0.0005 0.0005 0.0007 0.0007 0.005 0.64 0.64 5.0
B 0.0005 0.0005 0.0007 0.0007 0.005 0.64 0.64 5.0
C 0.0005 0.0005 0.0008 0.0008 0.005 0.64 0.64 5.0
D 0.0006 0.0005 0.0008 0.0008 0.005 0.64 0.64 5.0

Dinosaur NM
A 0.0071 0.0056 0.0056 0.0071 0.005 0.73 0.74 5.0
B 0.0073 0.0057 0.0058 0.0073 0.005 0.73 0.74 5.0
C 0.0076 0.0060 0.0060 0.0076 0.005 0.73 0.74 5.0
D 0.0079 0.0062 0.0063 0.0079 0.005 0.73 0.74 5.0

1

2

   Canyonlands (CAN407) Year 2000:  Arches NP, Colorado NM
   Gothic (GTH161) Year 2000:  Dinosaur NM, Eagles Nest WA, Flat Tops WA, Maroon Bells-Snowmass WA, West Elk WA
   Rocky Nountain NP (ROM206) Year 2002:  Mount Zirkel WA

3

Total (wet and dry) sulfur background deposition values were obtained from the Clean Air Status and Trends Network (CASTNet) web page 
(http://www.epa.gov/castnet/index.html) on December 4, 2008.  The following monitored data was used for each Class I Area:

Area and 
Alternative

Modeled Deposition Level of 
Concern

West Elk WA results are reported based on modeled concentrations at Class II receptors within the West Elk WA.

Table H-14
Maximum Predicted Sulfur Deposition From CRVFO and Cumulative Sources

Maximum 
Modeled 

Deposition DAT 1

The Deposition Analysis Threshold (DAT) is a significance threshold.  If the modeled deposition rate (without adding the background 
concentration) is below the DAT, predicted impacts are considered to be insignificant.

Total 
Deposition

Background 
Deposition 2
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Air Quality Related Value: Change in Lake ANC

2001 2002 2003
 (eq) (eq) (eq) (eq) (eq) (eq) (%) (%)

Avalanche Lake
A 420.2 306.0 420.4 360,941 36,094 420.4 0.12 1.16
B 391.0 267.3 381.1 360,941 36,094 391.0 0.11 1.08
C 471.2 311.7 455.2 360,941 36,094 471.2 0.13 1.31
D 565.4 386.7 550.4 360,941 36,094 565.4 0.16 1.57

Moon Lake
A 135.4 100.6 137.9 37,444 3,744 137.9 0.37 3.68
B 124.6 86.2 124.2 37,444 3,744 124.6 0.33 3.33
C 150.1 100.5 148.5 37,444 3,744 150.1 0.40 4.01
D 180.7 125.9 180.6 37,444 3,744 180.7 0.48 4.82

Ned Wilson Lake
A 100.0 89.9 118.0 13,883 1,388 118.0 0.85 8.50
B 99.5 90.4 117.8 13,883 1,388 117.8 0.85 8.49
C 123.8 113.7 145.8 13,883 1,388 145.8 1.05 10.51
D 140.8 128.8 165.9 13,883 1,388 165.9 1.20 11.95

Seven Lakes
A 20.8 17.6 25.7 7,647 765 25.7 0.34 3.36
B 22.7 18.8 28.0 7,647 765 28.0 0.37 3.66
C 27.2 21.9 33.5 7,647 765 33.5 0.44 4.38
D 28.5 23.0 35.1 7,647 765 35.1 0.46 4.59

Summit Lake
A 7.3 7.2 9.2 3,024 302 9.2 0.30 3.04
B 7.9 7.7 9.9 3,024 302 9.9 0.33 3.26
C 9.5 9.1 11.9 3,024 302 11.9 0.39 3.94
D 10.1 9.7 12.7 3,024 302 12.7 0.42 4.19

Trappers Lake
A 29,134 26,409 34,918 61,501,904 6,150,190 34,918 0.06 0.57
B 29,851 27,497 35,901 61,501,904 6,150,190 35,901 0.06 0.58
C 37,044 34,501 44,349 61,501,904 6,150,190 44,349 0.07 0.72
D 41,443 38,358 49,679 61,501,904 6,150,190 49,679 0.08 0.81

Upper Ned Wilson Lake
A 6.3 5.7 7.5 288 21.2 7.5 2.59 35.14
B 6.3 5.7 7.4 288 21.2 7.4 2.58 35.12
C 7.8 7.2 9.2 288 21.2 9.2 3.20 43.48
D 8.9 8.1 10.5 288 21.2 10.5 3.64 49.45

ANC = acid neutralizing capacity
eq = equivalents
LAC = limit of acceptable change
ueq/l = microequivalents per liter
N/A = not applicable

1

2

3

Table H-15
Maximum Predicted Lake ANC Change From CRVFO and Cumulative Sources

Maximum 
Percent ANC 

ChangeLAC 3
Background 

ANC 2
Maximum 

ANC Change
H Deposition 1

Lake and Alternative

The LAC is 10 percent change for lakes with baseline ANC values greater than 25 ueq/l.  For lakes with lower baseline ANC values, the LAC is <1 
ueq/liter.  For Upper Ned Wilson Lake, the level of acceptable change is 1μeq/l, which is equal to 21.2 eq.  

Maximum 
Percent of 

LAC

H deposition is calculated in accordance with Screening Methodology for Calculating ANC Change to High Elevation Lakes (USFS 2000).

Baseline ANC values were obtained from Jeff Sorkin (USFS) via email to Forrest Cook (URS) on 1/7/2011 and were based on the 10th lowest percentile.
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Air Quality Related Value: Visibility

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

Class I Areas
Arches NP

A 3 6 0 1 1 0 1 1 0
B 4 7 0 1 3 0 1 2 0
C 7 9 0 3 4 0 2 2 0
D 7 9 0 3 4 0 2 2 0

Eagles Nest WA
A 1 1 1 8 2 5 2 1 1
B 1 1 1 10 5 6 3 1 1
C 3 1 2 15 9 11 6 2 5
D 3 2 2 16 10 13 8 2 5

Flat Tops WA
A 40 27 20 54 33 29 58 43 36
B 35 25 16 42 26 25 51 38 34
C 49 40 26 56 44 33 62 54 39
D 54 48 31 61 56 40 68 64 43

Maroon Bells-
Snowmass WA

A 18 12 13 24 18 19 22 11 10
B 13 7 12 13 12 12 10 5 6
C 18 12 14 16 17 15 12 8 13
D 24 22 21 22 23 20 13 12 15

Mount Zirkel WA
A 10 4 9 17 8 6 15 3 3
B 14 5 10 22 9 8 19 6 5
C 18 8 14 28 15 10 24 12 10
D 18 10 14 29 16 11 26 14 11

West Elk WA
A 5 3 2 4 6 5 3 3 6
B 5 3 4 5 6 5 5 7 8
C 8 6 8 6 9 8 7 9 9
D 8 7 10 8 13 10 10 10 9

Sensitive Class II Areas
Colorado NM

A 22 17 17 23 26 22 18 17 11
B 24 19 17 25 28 24 19 17 14
C 28 23 19 29 31 30 22 22 19
D 31 24 21 30 32 30 24 22 19

Dinosaur NM
A 180 160 100 168 154 114 172 153 115
B 167 157 99 156 148 110 162 149 110
C 202 189 127 194 178 138 193 176 141
D 209 195 130 198 185 146 195 180 143

         refined analysis that uses daily relative humidity data, with f(RH) limited at 90 percent.
     FLAG 2000 Daily:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report (FLAG 2000).  It is a 
         uses seasonal relative humidity data.

     Protocol:  This method was specified in the Air Quality Impact Assessment Protocol: White River Resource Management Plan Amendment and Environmental Impact 
         Impact Statement  (BLM 2007a).
     FLAG 2000 Seasonal:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report (FLAG 2000).  It 

Visibility calculation methods include the following:

2003

Table H-16

Area and Alternative

2001 2002

Days of Visibility Change ≥1.0 dv in Class I and Sensitive Class II Areas From Cumulative Sources
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Air Quality Related Value: Visibility

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

FLAG 2000 
(Protocol)

FLAG 2000 
(Seasonal)

FLAG 2000 
(Daily)

Big Mountain View
A 158 142 73 178 159 109 208 176 138
B 52 55 31 81 84 67 72 74 56
C 82 83 53 108 117 84 116 111 90
D 99 100 73 126 140 101 136 137 107

Holy Cross View
A 0 0 0 2 1 2 0 0 0
B 0 0 0 2 1 1 0 0 0
C 0 0 0 6 2 2 2 0 1
D 1 0 0 8 3 3 2 0 1

Holy Cross 
Wilderness View

A 0 0 0 2 0 0 0 0 0
B 0 0 0 2 0 0 0 0 0
C 1 0 0 6 1 1 0 0 0
D 2 0 0 7 3 1 0 0 1

Rabbit's Ear View
A 15 16 9 20 21 16 15 14 9
B 18 17 11 23 26 19 19 17 11
C 23 21 14 26 30 24 20 20 13
D 23 21 15 26 31 24 24 21 13

Roan Cliffs View
A 314 338 319 331 349 342 312 335 325
B 279 314 244 316 336 279 300 328 283
C 287 320 253 320 341 289 302 331 293
D 316 341 311 331 350 319 316 339 319

         refined analysis that uses daily relative humidity data, with f(RH) limited at 90 percent.
     FLAG 2000 Daily:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  (FLAG 2000).  It is a 

     FLAG 2000 Seasonal:  This method is based on the Federal Land Managers' Air Quality Related Values Workgroup (FLAG) Phase I Report  (FLAG 2000).  It 
         uses seasonal relative humidity data.

Table H-17
Days of Visibility Change ≥1.0 dv at Scenic Views From Cumulative Sources

     Protocol:  This method was specified in the Air Quality Impact Assessment Protocol: White River Resource Management Plan Amendment and Environmental Impact 
         Impact Statement  (BLM 2007a).

Area and 
Alternative

2001 2002 2003

Visibility calculation methods include the following:
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Table I-1 
Ozone Monitor Locations and Descriptions in the 4 km and 12 km Domains 

Monitor 
ID Location Description Monitor Type 

Lati-
tude 

Longi-
tude 

Elevation 
(meters) Notes 

Ozone Monitors in the 4 km Domain 
080013001 3174 E. 78th Ave. SLAMS 39.8 -104.9 1559  
080050002 8100 S. University Blvd. NAMS 39.6 -105.0 1734  
080130011 1405 1/2 S. Foothills Parkway SLAMS 40.0 -105.2 1669  
080310002 2105 Broadway - CAMP SLAMS 39.8 -105.0 1589  
080310014 2325 Irving St. SLAMS 39.8 -105.0 1609  
080350004 11500 N. Roxborough Park 

Rd. 
SLAMS 39.5 -105.1 1673  

080410013 Road 640, USAF Academy NAMS 39.0 -104.8 1966  
080410016 101 Banks Pl. SLAMS 38.9 -104.9 1946  
080590002 9101 W. 57th Ave. NAMS 39.8 -105.1 1625  
080590005 12400 W. Hwy 285 SLAMS 39.6 -105.1 1739  
080590006 16600 W Colorado #128 Other 39.9 -105.2 1774  
080590011 2054 Quaker St. SLAMS 39.7 -105.2 1826  
080690007 Rocky Mountain NP NPS-

CASTNet 
40.3 -105.5 2743  

080690011 3416 La Porte Ave. Special 
Purpose 

40.6 -105.1 1574 Data available 
for May-
December. 

080691004 708 S. Mason St. SLAMS 40.6 -105.1 1516  
080830101 Mesa Verde National Park, 

Colorado 
NPS-

CASTNet 
37.2 -108.5 2165  

081230009 3101 35th Ave. SLAMS 40.4 -104.7 1474  
COLM Colorado National Monument NPS-POMS 39.1 -108.7 1740 Portable 

monitor.  Data 
available for 
May-
September. 

DINO Dinosaur National Monument NPS-POMS 40.4 -109.3 1463 Portable 
monitor.  Data 
available for 
March-
September. 

GTH161 Gothic EPA-
CASTNet 

39.0 -107.0 2926  

ROM206 Rocky Mountain NP Co-
Located 

EPA-
CASTNet 

40.3 -105.5 2804  

RPCK Ripple Creek Pass USFS 40.1 -107.3 2929 Passive ozone 
monitor.  Data 
available for 
June-August. 

SHAM Shamrock USFS/BLM 37.3 -107.5 2367  
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Table I-1 
Ozone Monitor Locations and Descriptions in the 4 km and 12 km Domains 

Monitor 
ID Location Description Monitor Type 

Lati-
tude 

Longi-
tude 

Elevation 
(meters) Notes 

SUNM Sunlight USFS 39.4 -107.4 3223 Passive ozone 
monitor.  Data 
available for 
June-August. 

Ozone Monitors in the 12 km Domain 
040058001 Grand Canyon National Park, 

W Rim Drive 
NPS-

CASTNet 
36.1 -112.2 2152  

040070010 South of SR88 SLAMS 33.7 -111.1 750  
040130019 3847 W Earll Dr-West 

Phoenix Station 
SLAMS 33.5 -112.1 333  

040131004 601 E Butler Dr & N 6th St, 
Phoenix 

SLAMS 33.6 -112.1 378  

040131010 4530 E McKellips Rd-Falcon 
Field Station 

SLAMS 33.5 -111.7 384  

040132001 6000 W Olive Ave,, Glendale SLAMS 33.6 -112.2 350  
040132005 25000 N Windy Walk-

Pinnacle Peak Station 
SLAMS 33.7 -111.9 733  

040133002 1645 E Roosevelt St-Central 
Phoenix Stn 

NAMS 33.5 -112.0 339  

040133003 2857 N Miller Rd-S Scottsdale 
Stn 

NAMS 33.5 -111.9 368  

040134003 33 W Tamarisk Ave, Phoenix SLAMS 33.4 -112.1 326  
040134004 275 S Ellis, Chandler SLAMS 33.3 -111.9 366  
040134005 1525 S College Ave, Tempe SLAMS 33.4 -111.9 352  
040134008 37019 N. Lava Lane. Cave 

Creek, AZ 
SLAMS 33.8 -112.0 587  

040134010 16825 N. Dysart SLAMS 33.6 -112.3 359  
040135100 18791 Yuma Frank Road, Ft. 

McDowell, AZ 
Tribal Monitor 33.6 -111.7 435  

040137003 4208 W. Pecos Laveen, AZ 
85339 (Gila Crossing North 

Elementary School) 

Tribal Monitor 33.3 -112.2 326  

040137020 10844 Eastt Osborn Road 
Scottsdale, AZ 85256 

SLAMS 33.5 -111.9 377  

040137021 15115 Beeline Highway SLAMS 33.5 -111.8 394  
040137022 3230 North Stapley Drive SLAMS 33.5 -111.8 412  
040137024 4827 North Country Club 

Drive 
SLAMS 33.5 -111.8 366  

040139508 7 Springs Rd-FAA Radar Stn-
Tonto NF 

SLAMS 34.0 -111.8 1582  

040139702 Usery Pass Rd/Bush Hwy SLAMS 33.5 -111.6 436  
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Table I-1 
Ozone Monitor Locations and Descriptions in the 4 km and 12 km Domains 

Monitor 
ID Location Description Monitor Type 

Lati-
tude 

Longi-
tude 

Elevation 
(meters) Notes 

040139704 16426 E Palisades Blvd, 
Fountain Hills,AZ 

SLAMS 33.6 -111.7 505  

040139706 25608 N Forest  Rd., Rio 
Verde,AZ 

SLAMS 33.7 -111.7 478  

040139997 4530 N 17th Avenue SLAMS 33.5 -112.1 346  
040170119 Petrified Forest National Park, 

Near Old SW Entrance on Old 
Route 180 

NPS-
CASTNet 

34.8 -109.9 1723  

040213001 305 E. Superstition Blvd, 
Apache Junction 

SLAMS 33.4 -111.5   

040213003 660 W. Aero Dr. Casa Grande SLAMS 33.0 -111.8   
040213009 301 E Combs Rd. Queen 

Creek 
Special 
Purpose 

33.2 -111.6   

040213010 44625 W Garvey Rd., 
Maricopa 

Special 
Purpose 

33.1 -111.0   

040217001 35 Pima Street, Sacaton Tribal Monitor 33.0 -111.4 146  
040218001 10 S Queen Anne Queen 

Valley 
SLAMS 33.3 -111.3 634  

080677001 1 Mi. NE of Ignatcio on 
County Rd. 517 

Tribal Monitor 37.1 -107.6 1983  

080677003 7571 Hwy. 5505 Tribal Monitor 37.1 -107.9 1920  
160230101 Craters of the Moon National 

Monument, ID 
NPS-GPMP 43.5 -113.6 1815  

350010019 2421 Mesilla Ave. N. E. SLAMS 35.1 -106.6 1620  

350010023 4700A San Mateo NE (2ZM) NAMS 35.1 -106.6 1593  

350010024 6000 Anderson Avenue SE Other 35.1 -106.6 1616  

350010027 5100 Montano Blvd NW SLAMS 35.2 -106.7 1558  

350010029 201 Prosperity SW SLAMS 35.0 -106.7 1508  

350011012 Double Eagle Elementary 
School, 8901 Lowell NE 

NAMS 35.2 -106.5 1807  

350011013 9819A Second Street NW SLAMS 35.2 -106.6 1523  

350011014 10155 Coors Road NW SLAMS 35.2 -106.6 1530  

350431001 Highway Dept. Yard Near 
Bernalillo 

SLAMS 35.3 -106.5 1544  

350431003 4330 Meadowlark Lane, Rio 
Rancho, NM87124 

SLAMS 35.2 -106.6 1520  

350439004 040 Trading Post Road Tribal Monitor 35.6 -106.7 1707  

350450009 162 Hway 544, Bloomfield 
NM 87413 

SLAMS 36.7 -108.0 1713  

350450018 423 Hway 539, Blanco NM 
87412 

SLAMS 36.8 -107.7 1950  
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Table I-1 
Ozone Monitor Locations and Descriptions in the 4 km and 12 km Domains 

Monitor 
ID Location Description Monitor Type 

Lati-
tude 

Longi-
tude 

Elevation 
(meters) Notes 

350451005 USBR Shiprock Substation 
(FARMINGTON) 

SLAMS 36.8 -108.5 1678  

460330132 Wind ave National Park, 
South Dakota 

NPS-
CASTNet 

43.6 -103.5 1292  

460711001 Badlands NP NPS-GPMP 43.7 -101.9 730  

461030020 Credit Union Site, 106 Kinney 
Ave. 

SLAMS 44.1 -103.3 1042  

490030003 140 W.Fishburn Drive, 
Brigham City, UT 

SLAMS 41.5 -112.0 1334  

490037001 8600 West 24000 North 
Portage, Utah 

Tribal Monitor 41.9 -112.2 1369  

490050004 125 W. Center Street, Logan, 
UT 

SLAMS 41.7 -111.8 1380  

490110004 171 West 1370 North, 
Bountiful, Utah 

SLAMS 40.9 -111.9 1309  

490350003 5715 S. 1400 E., Salt Lake 
City 

NAMS 40.6 -111.8 1335  

490352004 12100 W 1200 S, Lakepoint, 
Utah 

SLAMS 40.7 -112.2 1284  

490353006 1675 South 600 East, Salt 
Lake City 

SLAMS 40.7 -111.9 1306  

490353007 3275 W 3100 S, West Valley 
City, Utah 

SLAMS 40.7 -112.0 1295  

490353008 12950 S. 5600 West, 
Herriman, Utah 

SLAMS 40.5 -112.0 1405  

490370101 Canyonlands National Park, 
Utah 

NPS-
CASTNet 

38.5 -109.8 1814  

490450003 434 North 50 West, Tooele, 
Utah 

SLAMS 40.5 -112.3 1511  

490490002 1355 North 200 West Provo, 
UT 

SLAMS 40.3 -111.7 1402  

490495008 10865 N. 6000 West, 
Highland, Utah 

SLAMS 40.4 -111.8 1485  

490495010 312 W. 2050 North, Spanish 
Fork, Utah 

SLAMS 40.1 -111.7 1380  

490530130 Zion National Park, Utah NPS-GPMP 37.2 -113.2 1213  

490570007 4601 S. 300 W., Washington 
Terrace, Utah 

SLAMS 41.2 -112.0 1379  

490571003 425 W 2550 North, Ogden, 
Utah 

SLAMS 41.3 -112.0 1331  

560050123 Thunder Basin Grassland Site 
35 Mi N-NE Gillette WY 

Special 
Purpose 

44.7 -105.3 3925  
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Table I-1 
Ozone Monitor Locations and Descriptions in the 4 km and 12 km Domains 

Monitor 
ID Location Description Monitor Type 

Lati-
tude 

Longi-
tude 

Elevation 
(meters) Notes 

560050456 Approx 15 Miles SSW of 
Gillette WY  (See Apple Butte 

Quad Map) 

Other 44.1 -105.5 4620  

560350098 Approx 40 Miles NW of 
Farson, WY 

Industrial 42.4 -109.7 2176  

560350099 Approx 3 Miles West of 
Boulder, WY 

Special 
Purpose 

42.7 -109.8 2360  

560350100 ~ 4 Miles South of Daniel WY 
off of Hwy 189 

Other 42.8 -110.1 2375  

560370200 Southeast Portion of 
Sweetwater County 

Special 
Purpose 

41.4 -108.1 2176  

560391011 Yellowstone National Park NPS-
CASTNet 

44.6 -110.4 2468  

CNT169 Centennial EPA-
CASTNet 

41.4 -106.2 3178  

PAL190 Palo Duro EPA-
CASTNet 

34.9 -101.7 1050  

PND165 Pinedale EPA-
CASTNet 

42.9 -109.8 2388  

040058001 Grand Canyon National Park, 
W Rim Drive 

NPS-
CASTNet 

36.1 -112.2 2152  

040070010 South of SR88 SLAMS 33.7 -111.1 750  

040130019 3847 W Earll Dr-West 
Phoenix Station 

SLAMS 33.5 -112.1 333  

040131004 601 E Butler Dr & N 6th St, 
Phoenix 

SLAMS 33.6 -112.1 378  

 
BLM = Bureau of Land Management 
CASTNet = Clean Air Status and Trends Network 
GPMP = Gaseous Pollutant Monitoring Network 
NAMS = National Air Monitoring Station 

NPS = National Park Service 
POMS = Portable ozone monitoring station 
SLAMS = State or Local Air Monitoring Station 
USFS = U.S. Forest Service 
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Figure I-1. Ozone Monitors in the 12 km Domain 
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Executive Summary 
This report summarizes the work performed by the Institute for the Environment (IE) Center for 
Environmental Modeling for Policy Development (CEMPD) in developing air quality model-
ready emissions for simulating the air quality impacts from alternative oil and gas development 
activities in and around the White River Field Office and Colorado River Valley Field Office in 
Northwestern Colorado. CEMPD performed emissions modeling with the SMOKE processing 
system to create CAMx-ready emissions on three nested modeling domains for episodic 2018 
simulations using alternative oil and gas development emissions estimates. The emissions 
alternatives study periods encompass April and July, 2006 with two-week spin-up periods that 
precede both months. CEMPD produced emissions on nested 36-km, 12-km, and 4-km grid 
resolutions focusing on Central Colorado. CEMPD developed the baseline 2018 emissions with 
inventory data collected from the Western Regional Air Partnership (WRAP) Regional Modeling 
Center. CEMPD worked with URS Corporation to develop the oil and gas development 
alternative emissions inventories and spatial surrogate data.    
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1. Introduction 
Estimating emissions sources for input to chemistry-transport models (CTM) requires the use of 
specialized software to transform emissions inventory data into the formats required by a CTM. 
The Sparse Matrix Operator Kernel Emissions (SMOKE) (IE, 2006a) model is a highly 
optimized emissions processing system that converts county-level or point emissions inventory 
data into gridded, hourly estimates of criteria and toxic pollutant fluxes formatted for input to a 
CTM. This report describes the technical approach that the Center for Environmental Modeling 
for Policy Development (CEMPD) used to produce emissions data for the Comprehensive Air 
Quality Model with Extensions (CAMx) (ENVIRON, 2006b) to support Resource Management 
Plan (RMP) revisions and environmental impact statements (EISs) addressing oil and gas 
development activities in Northwestern Colorado. CEMPD developed CAMx-ready emissions to 
support URS Corporation (URS) in conducting EISs for oil and gas development in and around 
the Bureau of Land Management (BLM) White River Field Office (WRFO).  CEMPD developed 
an emissions modeling platform on the URS computing cluster in Denver, Colorado for 
simulating surface emissions fluxes for a CAMx modeling study of the air quality impacts of oil 
and gas development on BLM land in Colorado.  This modeling platform consists of inventory 
and ancillary datasets for estimating emissions, modeling systems for converting raw inventory 
data to CAMx format, quality assurance and analysis tools, and other stand-alone emissions 
models and post-processing programs.  

This document summarizes the work performed by CEMPD to develop emissions modeling 
platforms for five (5) episodic emissions alternative simulations for the year 2018. After a 
discussion of the overall goal of the modeling project, this document outlines the objectives of 
the emissions modeling tasks. A brief overview of the technical approach that CEMPD employed 
for the emissions modeling study is followed by a description of the tools used to generate 
CAMx-ready emissions data, with particular emphasis on the SMOKE modeling system. A 
detailed technical approach chapter describes the techniques that CEMPD used to generate year 
2018 emissions and includes the objectives of the emissions modeling, details of the SMOKE 
configuration that CEMPD used, definitions of the modeling domains, and discussion on the 
construction of the inventory and input data platform on the URS computers. The following 
chapters discuss the modeling process that CEMPD used, summaries of the emissions modeling, 
problems encountered and corrective actions, and quality assurance results.  

1.1 Background and Objectives 

The principal objectives of this project was to develop an emission inventory and photochemical 
modeling emissions estimates in support of regional air quality modeling for an EIA of oil and 
gas development in and around the WRFO and CRVFO in Northwestern Colorado.  CEMPD1 of 
the Institute for the Environment (IE) at the University of North Carolina (UNC) was 
subcontracted by URS (with funding under a contract between URS and the Bureau of Land 

                                                 
1 http://www.ie.unc.edu/cempd/ 
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Management) to collect the necessary emissions inventory and ancillary data and to prepare 
these data for input to CAMx in support of regional-scale atmospheric modeling analyses of the 
air quality impacts of specific oil and gas development alternatives at two (2) BLM field offices 
in Colorado. The study combines information from the BLM about oil and gas development 
alternatives with existing emissions projections for the year 2018 to assess the impacts that these 
alternatives will have on future air quality.  As part of the deterministic air quality modeling for 
this RMP revision and EIS, URS is using CAMx to simulate gaseous and particulate pollution 
within modeling domains selected by the National Park Service (NPS) as part of the Rocky 
Mountain Atmospheric Nitrogen and Sulfur (RoMANS) study.  As the CAMx model must be 
supplied with emissions inputs that reflect prescriptive spatial, temporal, and chemical speciation 
requirements, CEMPD used the SMOKE processing system to prepare the emissions inputs. 
CEMPD expanded on previous work completed for the BLM under this same contract to produce 
the new set of 2018 emissions discussed here. 

1.2 Overview of Technical Approach 

CEMPD adopted currently available and accessible emissions data to support the 2018 CAMx 
modeling for this project. CEMPD used the Western Regional Air Partnership (WRAP) 2018 
preliminary reasonable progress (PRP2018) inventory to build the primary 2018 emissions 
database for the base year 2018 (Base18) and alternative 2018 (Alt18) emissions modeling 
platforms used for this project. For consistency with the previous 2018 simulations completed 
under this project, CEMPD maintained a nomenclature for the simulations that used the White 
River Resource Area (WRRA) as the identifier in the simulation names. Brief descriptions of the 
different WRRA simulations are provided below.  The simulations highlighted in red are the 
final versions of the Base18 and Alt18 emissions presented in this report. 

• WRRA18BaseA – Base case 2018 simulation, version A; used in the previous round of 
WRRA CAMx modeling 

• WRRA18BaseB – Base case 2018 simulation, version B; includes updates to VOC 
speciation profile and spatial surrogate assignments for oil and gas sources, not used in 
CAMx modeling 

• WRRA18BaseC – Base case 2018 simulation, version C; includes updates to the oil and 
gas inventories and spatial surrogates for the CRVFO region, preliminary version of the 
updated 2018 alternative inventories 

• WRRA18BaseD – Base 2018 simulation, version D; version C with corrections to 
emissions model errors in point source locations 

• WRRA18BaseE – Base 2018 simulation, Version E; version D with corrections to spatial 
surrogate cross-referencing for new area source oil and gas sources, version of the 2018 
emissions presented in this report 

• WRRA18Alt[A|B|C|D] – Alternative 2018 simulation, version A; alternative oil and gas 
emissions built on top of WRRA18BaseA 

• WRRA18Altb[A|B|C|D] – Alternative 2018 simulation, version B; alternative oil and gas 
emissions built on top of WRRA18BaseB 
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• WRRA18Altc[A|B|C|D] – Alternative 2018 simulation, version C; alternative oil and gas 
emissions built on top of WRRA18BaseC 

• WRRA18Altd[A|B|C|D] – Alternative 2018 simulation, version D; alternative oil and gas 
emissions built on top of WRRA18BaseD 

• WRRA18Alte[A|B|C|D] – Alternative 2018 simulation, version E; alternative oil and gas 
emissions built on top of WRRA18BaseE, version of the alternative 2018 emissions 
presented in this report 

The WRAP and other Regional Planning Organizations (RPOs) compiled estimates of 2018 
emissions to use in regional haze State Implementation Plan (SIP) modeling. CEMPD adopted 
these SIP inventories to use for the WRRA simulations.  The only changes to the RPO 
inventories that were needed to create the WRRA inventories were modifications to the oil and 
gas inventories to reflect the WRFO and CRVFO Alternatives and reflect additional oil and gas 
growth in the region.  

Additional details about the justification for using the WRAP inventories and details of the 
inventory used for this study are contained in Section 2.2. 

2. WRRA Emissions Modeling Platform 
An emission modeling platform (EMP) consists of two parts. The first is the computing 
infrastructure required to process emissions inventories for air quality modeling systems; the 
second is the database of emissions information. Further, the computing infrastructure can be 
divided into hardware and software components. As CEMPD conducted all of the computing to 
develop the 2018 emissions on URS computers, only the software component of the modeling 
infrastructure are described in this report. All of the software components of the WRRA EMPs 
are installed on the URS computing cluster under the /projects/WRRA directory. The input data 
directories for the emissions modeling are located at /projects/WRRA/smoke/data.  The output 
data are located on several disks, determined by the availability of storage space at the time of 
the simulation. Table 2-1 summarizes the location of all of the components of the WRRA EMPs 
on the URS computers. All of the emissions modeling tools and data that CEMPD used to 
estimate emissions for the base and alternative 2018 simulations are described in detail in this 
section. For additional information about the different modeling platform components, refer to 
the documentation provided with the description of each program or dataset. 
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Table 2-1. WRRA Emission Modeling Platform components and directory locations 

Component Directory 
SMOKE /projects/WRRA/smoke/subsys/smoke 
Surrogate Tool /projects/WRRA/util/SurrogateTool 
Spatial Allocator /projects/WRRA/util/SpatialAllocator 
CMAQ2CAMx /projects/WRRA/util/CMAQ2CAMx 
WRAP Windblown Dust Model /projects/WRRA/util/wrap_wbd 
Emissions QA Tools /projects/WRRA/EI_Analysis 
SMOKE general data /projects/WRRA/smoke/data/ge_dat 
SMOKE inventories  

PRP 2018 /projects/WRRA/smoke/data/inventory/prp2018 
WRRA 2018 Alternatives /projects/WRRA/smoke/data/inventory/cogalt18d 

SMOKE outputs  
PRP 2018 /mnt/vg03/smoke/data/run_prp18a 

WRRA 2018 Alt A /mnt/vg01/smoke/data/run_WRRA18dAltA 
WRRA 2018 Alt B /mnt/vg03/smoke/data/run_ WRRA18dAltB 
WRRA 2018 Alt C /mnt/vg03/smoke/data/run_ WRRA18dAltC 
WRRA 2018 Alt D /mnt/vg01/smoke/data/run_ WRRA18dAltD 

2.1 Emission Modeling Software 

The software component of the WRRA emissions modeling platform consists of the SMOKE 
system, pre- and post-processing programs, a process-based emissions models for windblown 
dust, and quality assurance (QA) and analysis tools. SMOKE forms the central software 
component of the modeling platform because it is used to process the majority of the emissions 
sources and to merge together all of the emissions estimates to produce final CAMx-ready files. 
used the other software components to prepare data for SMOKE, create emissions estimates 
using process-based emissions models, or post process the SMOKE outputs for QA and analysis. 
Complete details of software used for the WRRA modeling are provided below.  

2.1.1 SMOKE 

SMOKE is the primary software component of the WRRA emissions modeling platform. 
SMOKE is used to convert annual, ASCII emissions inventory data at the county level to binary, 
gridded, hourly data for a CTM. SMOKE is actively under development by CEMPD and is 
supported by the Community Modeling and Analysis System (CMAS) Center2. Full details of the 
SMOKE system are available through http://www.smoke-model.org and in the SMOKE User’s 
Guide (IE, 2006a). SMOKE version 2.4 was used to produce gridded, CAMx-ready emissions 
for all of the WRRA air quality modeling simulations. 
                                                 
2 http://www.cmascenter.org 
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2.1.1.1 Description 

The SMOKE modeling system is a set of programs that is used by the U.S. Environmental 
Protection Agency (U.S. EPA), RPOs, and State environmental agencies to prepare emissions 
inventory data for input to an air quality model such as CAMx.  SMOKE converts annual or 
daily estimates of emissions at the state or county level to hourly emissions fluxes on a uniform 
spatial grid that are formatted for input to an air quality model. SMOKE integrates annual 
county-level emissions inventories with source-based temporal, spatial, and chemical allocation 
profiles to create hourly emissions fluxes on a predefined model grid. For elevated sources that 
require allocation of the emissions to the vertical model layers, SMOKE integrates meteorology 
data to derive dynamic vertical profiles. In addition to its capacity to simulate emissions from 
stationary area, stationary point, and on-road mobile sectors, SMOKE is also instrumented with 
the Biogenic Emissions Inventory System, version 3 (BEIS3) model for estimating biogenic 
emissions fluxes (U.S. EPA, 2004) and the MOBILE6 model for estimating on-road mobile 
emissions fluxes from county-level vehicle activity data. SMOKE can additionally be used to 
calculate future-year emissions estimates, if the user provides data about how the emissions will 
change in the future. 

SMOKE uses C-Shell scripts as user interfaces to set configuration options and call executables. 
It is designed with flexible QA capabilities to generate standard and custom reports for checking 
the emissions modeling process. After modeling all of the emissions source categories individu-
ally, SMOKE merges them together to create a single CAMx input file per simulation day. The 
efficient processing of SMOKE makes it an appropriate choice for handling the large processing 
needs of regional and seasonal emissions processing, as described in more detail by Houyoux et 
al. (1996, 2000).  

SMOKE version 2.4 (October, 2007 release) was used for the Base18 and Alt18 modeling. 
SMOKE version 2.4 was the version of the software used at the beginning of the WRRA 
modeling study and for consistency, was used for the Base18 and Alt18 simulations.  

2.1.1.2 Limitations 

SMOKE is a software tool and not a set of data files; therefore, SMOKE relies on user-provided 
data files for emission inventories and factors to apply to those emissions. The factors assign the 
annual inventory data to the hours, grid cells, and model species and can be adjusted by the user 
in a way that is the most appropriate for the inventory sources included in the air quality 
modeling domain. In addition SMOKE requires meteorology data in the Input/Output 
Application Programmers Interface (I/O API) format to process meteorology-dependent 
emissions sectors. The temporal and spatial extents of the SMOKE modeling periods are dictated 
by the input meteorology. SMOKE can neither interpolate between different grid resolutions nor 
project/backcast to dates that are not covered in the input meteorology. SMOKE has strict 
requirements for the nature and formats of the inventory data that it can use.  

2.1.1.3 Input Requirements 

SMOKE primarily uses two types of input file formats: ASCII files and I/O API files. Input files 
are files that are read by at least one core SMOKE program, but are not written by a core 
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program. SMOKE uses strict rules that define the format and content of the input files. These 
rules are explicitly laid out in the SMOKE Users Manual (IE, 2006a). All data input to SMOKE 
must be either formatted to one of the prescribed input file types or converted to an intermediate 
form, such as a gridded I/O API inventory file, before it can be input to SMOKE. 

In general SMOKE requires an emissions inventory, temporal allocation, spatial allocation, and 
chemical allocation data to prepare emissions estimates for an air quality model. For some source 
categories, such as on-road mobile and stationary point sources, SMOKE also requires 
meteorology data to calculate emissions. SMOKE calculates biogenic emissions estimates with 
gridded land use, vegetative emissions factors, and meteorology data.  

2.1.2 Surrogate Tool and Spatial Allocator 

The Surrogate Tool and Spatial Allocator are actively under development by CEMPD. Full 
details of these systems are available through the Multimedia Integrated Modeling System 
(MIMS) Spatial Allocator website: http://www.ie.unc.edu/cempd/projects/mims/spatial and in 
the Surrogate Tool Users’ Guide (IE, 2006b). CEMPD used the Surrogate Tool version 1.1 and 
the Spatial Allocator version 3.3 for preparing spatial surrogates and gridded land-use data, 
respectively, for the Base18 and Alt18 modeling. 

2.1.2.1 Description 

Air quality modelers often need geographic data that are preprocessed through spatial surrogate 
computations to generate emissions input files for a CTM. A Geographic Information System 
(GIS) can be used in processing, displaying, analyzing, and generating any of the required 
geographic data, but the use of GIS has created a number of challenges for air quality modelers 
because these systems are generally very expensive and have steep learning curves. To address 
these challenges, CEMPD developed the Spatial Allocator to bridge the gap between air quality 
modelers and GIS experts by providing a free, easy-to-use, portable suite of utilities for spatial 
surrogate computation, BELD3 landuse data, point in grid conversion, spatial data overlay, 
Shapefile filtering, map projection conversion, and other spatial data functions. 

The Spatial Allocator is open-source software that is provided at no cost because its development 
was sponsored by the National Oceanic and Atmospheric Administration (NOAA) and the U.S. 
EPA. The Spatial Allocator uses GIS industry standard ESRI Shapefiles and plain text data files 
as input and output data. The Spatial Allocator utilities are written in the highly portable C and 
C++ programming language. The surrogate tools used to run the utilities for all surrogate 
computation and quality assurance summary tables are written in the Sun Java language. 

CEMPD developed the Surrogate Tool to provide a user-friendly interface to creating spatial 
surrogates with the Spatial Allocator. Like the Spatial Allocator, the Surrogate Tool is a Java 
program that is operating system independent. Unlike the Spatial Allocator alone, users do not 
need to define environment variables or create intermediate text files when using the Surrogate 
Tool; users define all information needed to generate surrogates using ASCII files. The Surrogate 
Tool uses Comma Separated Value (CSV) files that define how the surrogates should be 
computed, what data should be used, where the results should be stored, which surrogates should 
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be computed during the run, and other needed information. The Surrogate Tool also reads in a 
list of ESRI Geographic Information System (GIS) Shapefile names and their map projection 
information from a look up table. The Surrogate Tool takes a single command line argument and 
can be run using interactive or batch mode.  The output from the Surrogate Tool is a set of spatial 
surrogate ratio files that can be input to SMOKE for grid-based modeling.  

2.1.2.2 Limitations 

The Surrogate Tool and the Spatial Allocator are software tools and do not contain data files; all 
data input to these programs must be provided by the user.  In the context of an emissions 
modeling project, the inputs to the Surrogate Tool and Spatial Allocator include GIS Shapefiles 
and BELD3 1-km gridded land-use tiles, respectively. Both sets of data are available as free 
downloads from the U.S. EPA’s Clearinghouse for Inventories and Emissions Factors (CHIEF)3.  

2.1.2.3 Input requirements 

Both programs use ASCII configuration files to specify their input/output requirements and to 
specify different control options for the spatial information that they produce. The Surrogate 
Tool uses GIS Shapefiles as input. GIS Shapefiles consist of a group of binary and ASCII files 
describing spatial data. For example the U.S. population Shapefile is a group of files that have 
information about the spatial distribution of the U.S. population in a specific year and metadata 
about the source of the information. One function of the Spatial Allocator is to produce netCDF 
formatted gridded land use data for calculating biogenic emissions. Used in this capacity, the 
Spatial Allocator inputs netCDF formatted tiles of 1-km resolution BELD3 land use data.  

2.1.3 CMAQ to CAMx Conversion Tools 

The CMAQ2CAMx utility converts binary netCDF format files to binary UAM format files. It 
was originally developed to facilitate model results comparisons between the Community 
Multiscale Air Quality (CMAQ) model and CAMx. For the WRRA emissions modeling 
platform, CEMPD used it solely to convert 3-d fire emissions for CMAQ into the elevated and 
low-level point emissions files required by CAMx. SMOKE could not be used to perform 
conversion of the 3-d fire emissions inventories to CAMx-format because some of the RPO fire 
inventories use pre-computed hourly plume rise parameters for allocating the emissions to 
vertical model layers. SMOKE does not have the capabilities to correctly process sources with 
pre-computed plume rise for a CTM like CAMx, which calculates plume rise internally. To 
circumvent this shortcoming in SMOKE, fire emissions were processed through SMOKE as 3-d 
sources and then processed through the CMAQ2CAMx tool to convert the 3-d emissions files to 
low level and elevated files as required by CAMx. The CMAQ2CAMx converter is available by 
request from ENVIRON International.   

2.1.4 Emissions QA Tools 

WRAP-RMC developed a suite of scripts and programs for producing graphical summaries of 
emissions processed through SMOKE. The two graphics drivers behind these emissions QA 
                                                 
3 http://www.epa.gov/ttn/chief/emch/index.html 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix J

J-15



 

   

tools are the Package for Analysis and Visualization of Environmental (PAVE) data and 
Gnuplot. The products of this analysis package include daily total tile plots of the emissions, 
hourly and daily time series plots, and vertical emissions profiles. CEMPD combined these 
graphical summaries with tabulated emissions reports produced by SMOKE to complete the 
emissions QA package. The emissions QA tools used to validate the WRRA modeling are a 
product of the WRAP-RMC. They were not developed for distribution but may be obtained by 
request to the WRAP-RMC. 

2.1.5 Emissions Modeling Database 

An emission modeling database consists of inventories and general modeling data, such as 
spatial surrogates, temporal and chemical profiles, and look-up tables of emissions codes. With 
the exception of the oil and gas alternative development inventories, the emissions data used for 
the WRRA modeling came directly from the WRAP-RMC. URS provided the oil and gas 2018 
inventories and spatial allocation data that were used for the alternative simulations. All of the 
data used for the WRRA modeling are installed on the URS computing system. Complete details 
of the datasets that were used for producing emissions for all WRRA simulations are provided in 
section 3. 

2.2 WRRA 2018 Oil and Gas Alternatives Emissions Data 

The data component of the of the WRRA emissions modeling platform consists of emissions 
inventories for the U.S., Canada, and Mexico; general emissions data for spatial, temporal, and 
chemical allocation of the emissions; and meteorology data for emissions estimates that are 
dependent on meteorology variables. The WRRA 2018 simulations are built off of the WRAP-
RMC preliminary reasonable progress 2018 version A (PRP18a) emissions.  The major 
differences between the WRAP data and the WRRA 2018 emissions generated for this project 
are in the meteorology and oil and gas inventories that were used to prepare these data for air 
quality modeling. The WRRA modeling covers the 2006 calendar year, where the WRAP-RMC 
modeling covered 2002. Although the WRRA 2018 simulations used inventory data projected 
the year 2018, the dates and meteorology data used in these simulations represented the year 
2006.  

This section describes the datasets that CEMPD collected for simulating version E of the WRRA 
2018 oil and gas development alternatives and how these datasets differed from earlier versions 
of the WRRA 2018 simulations. Version E of the WRRA 2018 modeling consisted of a base 
case simulation and four (4) different oil and gas development alternatives.  CEMPD prepared 
emissions for two (2) six-week periods covering March 15 – April 30 and June 15 – July 31, 
2006. Non-oil and gas inventories were held constant across all four emission alternative 
simulations. The only variation between the base 2018 (WRRA18BaseE) and the four 2018 
alternatives simulations (WRRA18eAltA, WRRA18eAltB, WRRA18eAltC, WRRA18eAltD) 
was in the area and point source oil and gas sectors. 
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2.2.1 Emissions Data Overview 

Emissions inventories are typically divided into area, on-road mobile, point, and biogenic source 
categories. These divisions arise from differing methods for preparing the inventories, different 
characteristics and attributes of the categories, and how the emissions are processed through 
models. Generally, emissions inventories are divided into the following source categories, which 
are referred to  later as “SMOKE processing categories.” 

• Stationary Area Sources: Sources that are treated as being spread over a spatial extent 
(usually a county or air district) and that are not movable (as compared to nonroad 
mobile and on-road mobile sources). Because it is not possible to collect the 
emissions at each point of emission, they are estimated over larger regions. Examples 
of stationary area sources are residential heating and architectural coatings. Numerous 
sources, such as dry cleaning facilities, may be treated either as stationary area 
sources or as point sources. 

• Mobile Sources: Vehicular sources that travel on roadways. These sources can be 
computed either as being spread over a spatial extent or as being assigned to a line 
location (called a link). Data in on-road inventories can be either emissions or activity 
data. Activity data consist of vehicle miles traveled (VMT) and, optionally, vehicle 
speed. Activity data are used when SMOKE will be computing emission factors via 
another model, such as MOBILE6 (U.S. EPA, 2005a). Examples of on-road mobile 
sources include light-duty gasoline vehicles and heavy-duty diesel vehicles.  

• Point Sources: These are sources that are identified by point locations, typically 
because they are regulated and their locations are available in regulatory reports. In 
addition, elevated point sources will have their emissions allocated vertically through 
the model layers, as opposed to being emitted into only the first model layer. Point 
sources are often further subdivided into electric generating unit (EGU) sources and 
non-EGU sources, particularly in criteria inventories in which EGUs are a primary 
source of NOx and SO2. Examples of non-EGU point sources include chemical 
manufacturers and furniture refinishers. Point sources are included in both criteria and 
toxics inventories.  

• Biogenic Land Use Data: Biogenic land use data characterize the types of vegetation 
that exist in either county-total or grid cell values. The biogenic land use data in 
North America are available using two different sets of land use categories: the 
Biogenic Emissions Landcover Database (BELD) version 2 (BELD2), and the BELD 
version 3 (BELD3) (CEP, 2004b). 

In addition to these standard SMOKE processing categories, other categories were added, either 
to represent specific emissions processes more accurately or to integrate emissions data that are 
not compatible with SMOKE. An example of an emissions sector that falls outside of the 
SMOKE processing categories includes emissions generated from process-based models for 
representing windblown dust sources. An emissions category with data that are not compatible 
with SMOKE is one with gridded emissions data sets, such as commercial marine sources.  
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This section covers the complete details of the data used in the WRRA 2018 modeling, including 
a breakdown of the emissions sectors used for the simulations, the inventories used for each 
sector, and the sources of the spatial, temporal, and chemical information used in the modeling. 
All of the non-oil and gas data used for the 2018 simulations are public domain information 
obtained primarily from the WRAP-RMC. While the WRAP-RMC did not directly generate any 
of the modeling data that was used for these simulations, it did develop a centralized and 
extensive database of emissions information that was adapted for the WRRA 2018 modeling. 
Additional information about these data may be found in Tonnesen et al. (2006) and from the 
WRAP-RMC website4. URS developed the oil and gas alternative inventories and spatial data.  
Details about the development of these inventories are available in this report. 

Except where noted, all of the ancillary data used for the WRRA 2018 simulations were kept 
constant.  

2.2.2 WRRA 2018 Inventory Categories 

Building off the WRAP-RMC and RoMANS emissions databases, CEMPD refined the SMOKE 
processing categories from the standard four definitions listed above to include more explicit 
emissions sectors. The advantage of using more detailed definitions of the source categories is 
that it leads to more flexibility in designing control strategies, substituting new inventory or 
profile data into the modeling, and managing the input and output data from SMOKE. The major 
drawback to defining more emissions source categories is the increased level of complexity that 
results from having a larger number of input data sets. Another motivation behind separating the 
various emissions categories is related to the size and flexibility of the input data. Some data sets, 
like the CENRAP on-road mobile inventory, were so large that they were processed separately 
from the rest of the sources in the on-road sector due to computational memory constraints. 
CEMPD also separated the non-road mobile sector into yearly and monthly inventories to 
facilitate the application of uniform monthly temporal profiles to the monthly data. Furthermore, 
the selection of the emissions sub-categories is related to the questions that are being addressed 
in the air quality modeling study.  

The WRAP-RMC used 22 emissions categories to study regional haze issues and NPS-ARD 
used 18 emissions categories to study acid deposition. The inventory categories selected for these 
two studies focused on fires, dust, NH3, and the oil and gas sector for the WRAP-RMC and 
regional and local sources in Colorado for the RoMANS study. The WRAP-RMC performed 
some splitting of the inventories to facilitate the application of regional haze control factors and 
to avoid computing memory overflows with the larger datasets. With the focus of the RoMANS 
study on nitrogen and sulfur-containing aerosols, slightly different inventory sectors focused on 
the larger sources of these aerosol precursors, such as on-road mobile sources. The 21 categories 
listed in Table 2-2 were used for the WRRA 2018 modeling study. 

                                                 
4 http://pah.cert.ucr.edu/rmc/ 
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Table 2-2. WRRA 2018 Inventory Categories 

Inventory 
Abbreviation 

Spatial 
Coverage 

Description Inventory Pollutants 

ar U.S., Canada, 
Mexico 

Stationary area, including dust 
and county-level fires  

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

bg North America 
and Caribbean 

Biogenic, calculated with 
BEIS3.12 using BELD3 1-km 
land-use 

 

mb WRAP On-road mobile, county-level 
emissions 

CO, NOx, VOC, NH3, 
SO2, PMC, PSO4, PNO3, 
PEC, POA 

mbv MWRPO, 
MANE-VU, 
VISTAS 

On-road mobile, county-level 
activities and speeds, emissions 
calculated with MOBILE6 

VMT, Speed 

mbv1, mbv2 CENRAP On-road mobile, county-level 
activities and speeds, emissions 
calculated with MOBILE6 

VMT, Speed 

nusm Canada, Mexico On-road mobile, county-level 
emissions 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

nrm WRAP, 
CENRAP, 
MWRPO 

Non-road mobile, monthly and 
seasonal inventories 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

nry U.S., Canada, 
Mexico 

Non-road mobile, annual 
inventories 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

nwf CENRAP, 
VISTAS 

Point fires with pre-computed 
plume rise 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

wnwf WRAP Point fires with pre-computed 
plume rise, does not include 
wildfires 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

wwf WRAP Point fires with pre-computed 
plume rise, wildfires only 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

pt U.S., Tribes, 
Canada, Mexico 

Stationary point, including Gulf 
of Mexico offshore 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

cm Pacific Ocean, 
Atlantic Ocean,  
Gulf of Mexico 

Gridded commercial shipping 
lane emissions 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

ofsar Gulf of Mexico Offshore drilling area sources CO, NOx, VOC, SO2, 
PM10, PM2.5 

wbd U.S., Canada, 
Mexico 

Windblown dust PM10, PM2.5 

wnh3 WRAP Agricultural NH3 NH3 
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nh3 CENRAP, 
MWRPO 

Agricultural NH3 NH3 

ptwog WRAP Point oil and gas CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

ptwog_alt WRFO Point oil and gas for the 
WRFO/CRVFO 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

wog WRAP Area oil and gas CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

wog_alt WRFO Area oil and gas for the 
WRFO/CRVFO 

CO, NOx, VOC, NH3, 
SO2, PM10, PM2.5 

 
The following subsections describe each of the emissions processing categories and include 
references for the original sources of these data and discussion of known problems with each 
inventory. Table 2-3 provides contact information for the sources of all inventories used in the 
WRRA 2018 simulations.  

Table 2-3. WRRA 2018 anthropogenic emissions inventory references. 

Source Category Emissions Data Contact 

WRAP 
Stationary area Paula Fields, ERG, Inc., 

Sacramento, CA USA 
phone: 916-361-6751; email: Paula.Fields@erg.com 

Ammonia U.S. EPA Clearinghouse for Emissions Inventories & 
Factors 
http://www.epa.gov/ttn/chief/ 

Stationary point 
              
 

Paula Fields, ERG, Inc., 
Sacramento, CA USA 
phone: 916-361-6751; email: Paula.Fields@erg.com 

On-road and nonroad mobile, in-port, 
near-port, and commercial marine 
shipping, windblown dust, road dust,  

Alison Pollack, ENVIRON International Corporation, 
Novato, CA USA 
phone: 415-899-0710; email: apollack@environcorp.com 

All point-source fires Dave Randall, Air Sciences, Inc., 
Golden, CO USA 
phone: 303-988-2960; email: drandall@airsci.com 

Oil and Gas Susan Bassett, URS Corporation, 
Denver, CO USA 
phone: 303-740-3824; email: Susan_Bassett@urscorp.com 

CENRAP 
All Lee Warden, Oklahoma DEQ, 

Oklahoma City, OK USA 
phone: 405-702-4201; email: lee.warden@deq.state.ok.us 
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VISTAS 
All Greg Stella, Alpine Geophysics, LLC, 

phone: 828-675-9045 
email: gms@alpinegeophysics.com 

MANE-VU 
All Julie McDill, MARAMA,  

Baltimore, MD USA 
phone: 410-467-0170; email: jmcdill@marama.org 

MRPO 
All Marc Janssen, LADCO,  

Des Plaines, IL, USA 
phone: 847-296-2181; email:janssen@ladco.org 

Mexico 
All Paula Fields, ERG, Inc., 

Sacramento, CA USA 
phone: 916-361-6751; email: Paula.Fields@erg.com 

Canada 
All Environment Canada 

Hull, QC 
phone: 819-953-1656; email: NPRI@ec.gc.ca 

Other 
Offshore area and point Lee Warden, Oklahoma DEQ, 

Oklahoma City, OK USA 
phone: 405-702-4201; email: lee.warden@deq.state.ok.us 

 

2.2.2.1 Stationary area (ar) 

The stationary area source category included stationary area, road dust, fugitive dust, 
anthropogenic ammonia, and area fire inventories for the U.S., Canada, and Mexico. CEMPD 
used year 2018 inventories for the U.S., 1999 for Mexico, and 2020 for Canada. The area fire 
category includes 2018 inventories for the MANE-VU, MWRPO, and VISTAS states; the 
CENRAP states only included a 2018 wildfire inventory, the agricultural and prescribed fires 
were kept at 2002 levels. CEMPD did not include the WRAP Tribal inventories because of a 
lack of spatial allocation data for placing these emissions into model grid cells. The fugitive dust 
and road dust inventories contained in this category have particulate matter (PM) transport 
factors applied as suggested by Pace (2005) and also have revised PM10/PM2.5 ratios as suggested 
by MRI (2005). This sector is exactly the same as the WRAP-RMC simulation PRP18a 
stationary area sector.  

2.2.2.2 Biogenic (bg) 

Biogenic emissions data for SMOKE consist of input files to the BEIS3 model (U.S. EPA, 
2004a). BEIS3 is a system integrated into SMOKE for deriving emissions estimates of biogenic 
gas-phase pollutants from land use information, emissions factors for different plant species, and 
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hourly, gridded meteorology data. The results of BEIS3 modeling are hourly, gridded emissions 
fluxes formatted for input to CMAQ or CAMx. For the Base18 and Alt18 simulations CEMPD 
used the BELD3 land use data and biogenic emissions factors collected during the WRAP 
preliminary 2002 modeling (Tonnesen et al., 2005). These data included BELD3 1-km resolution 
land use estimates and version 0.98 of the BELD emissions factors. The Spatial Allocator was 
used to re-grid the BELD3 data to the 12-km and 4-km RoMANS modeling domains.  Hourly, 
gridded 2006 meteorology prepared by URS was used for the Base18 and Alt18 modeling 
periods. 

2.2.2.3 On-road mobile (mb, mbv, mbv1,mbv2, nusm) 

On-road mobile-source inventory data for SMOKE consist of IDA-formatted emissions and 
vehicle activity inventory files.  For the on-road mobile-source inventories in the WRRA18 
simulations, modeling was divided into five categories based on common data attributes: WRAP 
pre-computed emissions (source abbreviation mb), activities for processing with MOBILE6 
(source abbreviations mbv, mbv1, mbv2), and non-U.S. pre-computed emissions (source 
abbreviation nusm). For the WRAP states 2018 projected inventories were split into California 
and non-California seasonal inventories.  In addition to the standard criteria pollutants, these files 
contained pre-speciated PM2.5 emissions. For the rest of the U.S. annual county-level activity and 
speed inventories were used with monthly, county-level MOBILE6 inputs, 2018 emissions 
factors, 2018 fuel formulations, and hourly 2006 WRRA meteorology to estimate the hourly 
emissions with MOBILE6. For the non-U.S. inventories, version 2 of the year 2020 Canadian 
inventory and the Phase III 1999 Mexican inventory prepared by ERG (2006) were selected.  

2.2.2.4 Non-road mobile (nry, nrm) 

The non-road mobile-source inventories consisted of annual, seasonal, and monthly IDA-
formatted inventories for the U.S., Canada, and Mexico. These inventories use the IDA area 
source format and represent emissions from agricultural, construction, mining, and recreational 
vehicles as well as locomotives, aircraft, and commercial shipping. The following inventories 
were used: year 2018 inventories for the U.S., 1999 for Mexico, and 2020 for Canada. To 
facilitate the correct application of temporal profiles the non-road mobile processing was split 
into two categories: annual (source abbreviation nry) and seasonal/monthly (source abbreviation 
nrm). With the monthly variability inherent in the seasonal/monthly inventories, these data must 
be modeled with flat monthly temporal profiles so as not to double count the monthly temporal 
variation of these emissions. Consistent with the approach used by the WRAP-RMC, flat 
monthly profiles were applied to the nrm inventories and standard U.S. EPA-developed monthly 
profiles to the nry inventories. Both sets of non-road inventories use common weekly and diurnal 
profiles. Table 2-4 summarizes the inventories that comprise the two non-road mobile emissions 
sectors. Some regions of the modeling domain, such as the WRAP, have components in both the 
nry and nrm sectors. 
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Table 2-4. Non-road mobile inventories 

Annual Inventories Monthly/Seasonal Inventories 

WRAP locomotives 

VISTAS 

CENRAP 

MWRPO 

MANE-VU 

Canada 

Mexico 

WRAP (seasonal) 

WRAP aircraft (seasonal) 

CENRAP (monthly) 

MRPO (monthly) 

2.2.2.5 Fires (wnwf, wwf, nwf) 

The point-source fire inventories used in the WRRA 2018 simulations covered the WRAP, 
CENRAP, and VISTAS regions. These fire inventories use a modified version of the IDA point 
source format with latitude-longitude coordinates for locating the fires into model grid cells, 
daily estimates of the fire emissions, and hourly plume rise parameters. For the fires in the 
WRAP region (source abbreviations wnwf and wwf) two fire sectors were modeled.  Source 
abbreviation wnwf includes agricultural, prescribed, non-federal rangeland, and wildland fire use 
fires. Source abbreviation wwf included wildfires only. For the fires in the CENRAP and 
VISTAS regions (source abbreviation nwf) all point source fire categories were included. 

The VISTAS states are the only region of the modeling domain that provided 2018 projections 
for their point source fire inventories. CEMPD combined the VISTAS data with typical year fire 
data for the other regions of the domain. In consideration of the episodic nature of fires and in 
the absence of projected 2018 fire inventories, baseline fire inventories were used. Baseline fire 
inventories represent average emissions magnitudes from the years 2000-2004. Based off of year 
2002 fire locations and timing, the baseline fire inventories normalize the magnitudes of the fires 
to a 5-year regional average. The RPOs developed the baseline fire inventories to use for future 
year projection modeling. 

2.2.2.6 Stationary point (pt) 

The stationary point inventories used in the 2018 simulations consisted of a combination of 
hourly, seasonal, and annual IDA-formatted inventories for the U.S., WRAP Tribal areas, Gulf 
of Mexico, Canada, and Mexico. All of the on-shore U.S. inventories consisted of annual or 
seasonal year 2018 inventories. The VISTAS data were augmented with hourly 2018 data for 
large point sources; no other regions of the modeling domain used hourly data for their 2018 
point source inventories. CEMPD separated the WRAP oil and gas inventory records out of the 
stationary point sector in order to treat these sources explicitly as the WRAP point oil and gas 
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(ptwog) sector. A year 2018 Gulf of Mexico oil and gas inventory was included; it covers a 
limited region of the Gulf off the coast of Texas and Louisiana.  For other areas, the following 
data were used: 2018 WRAP Tribal inventories, year 2020 inventories for Canada, and year 1999 
data for Mexico.  

2.2.2.7 Commercial marine (cm) 

CEMPD used a gridded, year 2002 Pacific Ocean, Atlantic Ocean, and Gulf of Mexico 
commercial shipping lane emissions inventory in simulation Base06. This inventory covers 
emissions from commercial shipping greater than 30 miles off the coast. The commercial marine 
shipping emissions are directly included in only the 36-km modeling grid; they are outside of the 
finer resolution nests. 

2.2.2.8 Offshore area (ofsar) 

The offshore area inventory is an annual, year 2018 estimate of emissions from oil and gas 
platforms in the Gulf of Mexico. To keep from double counting with the commercial marine 
inventory, shipping lane sources (SCCs 2280003200, 2280002200) were extracted from this 
inventory. The offshore area emissions were directly included in only the 36-km modeling grid; 
they are outside of the finer resolution nests. 

2.2.2.9 Windblown dust (wbd) 

Mansell et al. (2004) developed a land-use based windblown dust emissions model that was used 
to estimate gridded, meteorology-dependent dust emissions for the WRRA 2018 simulations. 
CEMPD used the 2002 land use information contained in the model and 2006 WRRA 
meteorology to estimate these emissions on all three modeling grids. 

2.2.2.10 Ammonia (nh3, wnh3) 

Emissions from agriculture and anthropogenic activities are the primary source of NH3 emissions 
in stationary area source inventories. For the WRAP states (source abbreviation wnh3), CEMPD 
extracted ammonia emissions records from the U.S. 2005 National Emission Inventory (NEI05) 
projected to 2020. CEMPD chose not to use the GIS-based model of anthropogenic and 
agricultural ammonia emissions developed by Mansell (2005) because of the amount of effort 
required to run this model. With the WRRA modeling focused on ozone and not PM or haze, the 
effort required to run the GIS model could not be justified. Instead the emissions for the sources 
contained in the GIS model were extracted from the NEI05 and used to represent ammonia 
emissions in the WRAP region. The NEI05 was chosen because it was the most recent estimate 
of area source emissions available.  The CENRAP and MWRPO provided monthly 2018 
inventories derived from the Carnegie-Mellon process-based NH3 emissions model. These 
estimates were used in the 36-km and 12-km modeling domains for the States in these regions 
(source abbreviation nh3).  The rest of the U.S., Canada, and Mexico have estimates of 
agricultural NH3 emissions in the stationary area inventory. 
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2.2.2.11 WRAP Oil and Gas (wog, ptwog) 

The 2018 oil and gas sector consisted of four (4) alternative inventories representing different 
levels of oil and gas development in the WRFO and the CRVFO.  The inventory details of oil 
and gas alternatives A through D are provided by URS in this document. URS provided the 
following area source oil and gas inventories: 

• Revised WRAP 2018 

• Four (4) WRFO alternatives 

• Three (3) CRVFO alternatives 

• One (1) revised Vernal Field Office (VFO) emissions set 

The revised WRAP 2018 area source oil and gas inventory includes several states in the WRAP 
region.  The base and alternative oil and gas emissions simulations combine the WRAP 2018 
inventory with the different alternative development inventories. The WRAP and VFO 
inventories were constant through all of the area source oil and gas simulations, while the base 
and alternative simulations used different combinations of the CRVFO and WRFO alternative 
inventories. Table 2-5 lists the area source oil and gas inventory files contained in the 2018 
Base D and four alternative development simulations. 

Table 2-5. Area source oil and gas inventories 

Simulation (ID) Inventories 
Base 2018 version E (WRRA18BaseE) woginv_revised_2018_WRAP.orl 

SMOKE_INPUT_CRVFO_BLM_AltD.orl 
SMOKE_INPUT_CRVFO_fee_AltD.orl 
SMOKE_INPUT_CRVFO_Roan_AltD.orl 
SMOKE_INPUT_CRVFO_FS_AltD.orl 
SMOKE_input_Vernal_AREA1.orl 
SMOKE_input_Vernal_AREA2.orl 
SMOKE_input_Vernal_AREA3.orl 
SMOKE_input_Vernal_AREA4.orl 

Alternative A (WRRA18eAltA) woginv_revised_2018_WRAP.orl 
SMOKE_INPUT_CRVFO_BLM_AltA.orl 
SMOKE_INPUT_CRVFO_fee_AltA.orl 
SMOKE_INPUT_CRVFO_Roan_AltA.orl 
SMOKE_INPUT_CRVFO_FS_AltA.orl 
SMOKE_input_Vernal_AREA1.orl 
SMOKE_input_Vernal_AREA2.orl 
SMOKE_input_Vernal_AREA3.orl 
SMOKE_input_Vernal_AREA4.orl 
SMOKE_INPUT_WR_FED1_AltA.orl 
SMOKE_INPUT_WR_FED2_AltA.orl 
SMOKE_INPUT_WR_FED3_AltA.orl 
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SMOKE_INPUT_WR_FED4_AltA.orl 
SMOKE_INPUT_WR_PRIV1_AltA.orl 
SMOKE_INPUT_WR_PRIV2_AltA.orl 

Alternative B (WRRA18eAltB) woginv_revised_2018_WRAP.orl 
SMOKE_INPUT_CRVFO_BLM_AltC_B.orl 
SMOKE_INPUT_CRVFO_fee_AltC_B.orl 
SMOKE_INPUT_CRVFO_Roan_AltC_B.orl 
SMOKE_INPUT_CRVFO_FS_AltC_B.orl 
SMOKE_input_Vernal_AREA1.orl 
SMOKE_input_Vernal_AREA2.orl 
SMOKE_input_Vernal_AREA3.orl 
SMOKE_input_Vernal_AREA4.orl 
SMOKE_INPUT_WR_FED1_AltB.orl 
SMOKE_INPUT_WR_FED2_AltB.orl 
SMOKE_INPUT_WR_FED3_AltB.orl 
SMOKE_INPUT_WR_FED4_AltB.orl 
SMOKE_INPUT_WR_PRIV1_AltB.orl 
SMOKE_INPUT_WR_PRIV2_AltB.orl 

Alternative C (WRRA18eAltC) woginv_revised_2018_WRAP.orl 
SMOKE_INPUT_CRVFO_BLM_AltC_B.orl 
SMOKE_INPUT_CRVFO_fee_AltC_B.orl 
SMOKE_INPUT_CRVFO_Roan_AltC_B.orl 
SMOKE_INPUT_CRVFO_FS_AltC_B.orl 
SMOKE_input_Vernal_AREA1.orl 
SMOKE_input_Vernal_AREA2.orl 
SMOKE_input_Vernal_AREA3.orl 
SMOKE_input_Vernal_AREA4.orl 
SMOKE_INPUT_WR_FED1_AltC.orl 
SMOKE_INPUT_WR_FED2_AltC.orl 
SMOKE_INPUT_WR_FED3_AltC.orl 
SMOKE_INPUT_WR_FED4_AltC.orl 
SMOKE_INPUT_WR_PRIV1_AltC.orl 
SMOKE_INPUT_WR_PRIV2_AltC.orl 

Alternative D (WRRA18eAltD) woginv_revised_2018_WRAP.orl 
SMOKE_INPUT_CRVFO_BLM_AltD.orl 
SMOKE_INPUT_CRVFO_fee_AltD.orl 
SMOKE_INPUT_CRVFO_Roan_AltD.orl 
SMOKE_INPUT_CRVFO_FS_AltD.orl 
SMOKE_input_Vernal_AREA1.orl 
SMOKE_input_Vernal_AREA2.orl 
SMOKE_input_Vernal_AREA3.orl 
SMOKE_input_Vernal_AREA4.orl 
SMOKE_INPUT_WR_FED1_AltD.orl 
SMOKE_INPUT_WR_FED2_AltD.orl 
SMOKE_INPUT_WR_FED3_AltD.orl 
SMOKE_INPUT_WR_FED4_AltD.orl 
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SMOKE_INPUT_WR_PRIV1_AltD.orl 
SMOKE_INPUT_WR_PRIV2_AltD.orl 

URS provided the following point source oil and gas inventories: 

• Revised WRAP 2018 

• Four (4) WRFO alternatives 

• Three (3) CRVFO alternatives 

• One (1) revised VFO emissions set 

Each point source oil and gas alternative simulation combined the revised WRAP inventory, a 
WRAP tribal 2018 point source oil and gas inventory, a WRAP compressor engine 2018 
inventory, and one of the four alternative development inventories. The WRAP, VFO, and 
Southern Ute Indian Tribe (SUIT) compressor engine inventories were held constant through all 
of the point source oil and gas simulations, while the base and alternative simulations used 
different combinations of the CRVFO and WRFO alternative inventories. Table 2-6 lists the 
point source oil and gas inventory files contained in the 2018 Base D and four oil and gas 
development alternative simulations. 

Table 2-6. Point source oil and gas inventories 

Simulation (ID) Inventories 
Base 2018 version E (WRRA18BaseE) ptwoginv_revised_2018_WRAP.orl 

ptinv_oilgas_WRAPTribes_prp18a_051807.orl 
compenginesinv_SUIT_Infill_2018.ida 
SMOKE_Point_CRVFO_RFD_Alt_D.orl 
SMOKE_Point_Roan_RFD_Alt_D.orl 
SMOKE_POINT_VFO_RFD.orl 

Alternative A (WRRA18eAltA) ptwoginv_revised_2018_WRAP.orl 
ptinv_oilgas_WRAPTribes_prp18a_051807.orl 
compenginesinv_SUIT_Infill_2018.ida 
SMOKE_Point_CRVFO_RFD_Alt_A.orl 
SMOKE_Point_Roan_RFD_Alt_A.orl 
SMOKE_POINT_VFO_RFD.orl 
SMOKE_Point_WRFO_RFD_Alt_A.orl 

Alternative B (WRRA18eAltB) ptwoginv_revised_2018_WRAP.orl 
ptinv_oilgas_WRAPTribes_prp18a_051807.orl 
compenginesinv_SUIT_Infill_2018.ida 
SMOKE_Point_CRVFO_RFD_Alt_B_C.orl 
SMOKE_Point_Roan_RFD_Alt_B_C.orl 
SMOKE_POINT_VFO_RFD.orl 
SMOKE_Point_WRFO_RFD_Alt_B.orl 

Alternative C (WRRA18eAltC) ptwoginv_revised_2018_WRAP.orl 
ptinv_oilgas_WRAPTribes_prp18a_051807.orl 
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compenginesinv_SUIT_Infill_2018.ida 
SMOKE_Point_CRVFO_RFD_Alt_B_C.orl 
SMOKE_Point_Roan_RFD_Alt_B_C.orl 
SMOKE_POINT_VFO_RFD.orl 
SMOKE_Point_WRFO_RFD_Alt_C.orl 

Alternative D (WRRA18eAltD) ptwoginv_revised_2018_WRAP.orl 
ptinv_oilgas_WRAPTribes_prp18a_051807.orl 
compenginesinv_SUIT_Infill_2018.ida 
SMOKE_Point_CRVFO_RFD_Alt_D.orl 
SMOKE_Point_Roan_RFD_Alt_D.orl 
SMOKE_POINT_VFO_RFD.orl 
SMOKE_Point_WRFO_RFD_Alt_D.orl 

 

2.2.3 WRRA Ancillary Emissions Data 

Ancillary emissions data are the non-inventory data used to prepare emissions for air quality 
modeling. Ancillary emissions data include: 

• gridded, hourly meteorology 

• temporal profiles and cross-reference data 

• spatial surrogates and cross-reference data 

• chemical allocation profiles, cross-reference data, and ROG to TOG conversions 

• emissions code description files (e.g. FIPS, SCC, and mobile codes) 

The majority of the ancillary data used in the WRRA 2018 simulations came directly from the 
WRAP-RMC Base 2002 or Planning 2002 modeling platforms. The gridded, hourly meteorology 
data were generated by URS using MM5 and prepared for SMOKE using MCIP. As the 12-km 
and 4-km modeling grids were developed for the NPS RoMANS study, for all but the oil and gas 
sources, spatial surrogates developed for the RoMANS modeling were used.  CEMPD used 
Shapefiles developed by URS to create spatial surrogates for allocating the area source oil and 
gas base and alternative emissions to the modeling grids. The new spatial surrogates required the 
development of entries in the gridding cross-reference file for associating the new surrogates 
with sources in the inventories. The oil and gas sources outside of Colorado and Utah used the 
same spatial surrogates and cross-reference information as the WRAP-RMC Planning 2002 
simulations. CEMPD created eleven (11) new surrogates for the WRRA 2018 simulations with 
Shapefiles provided by URS.  

The field office area source oil and gas inventories contain annual field office total emissions 
rather than county totals. To create spatial surrogates for the field office inventories, CEMPD 
used the STFIPS attribute in the field office land area Shapefile provided by URS as the data 
attribute for allocating emissions from drill rigs and wells in each field office to the modeling 
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grids. For vehicular emissions associated with the new field office inventories a surrogate was 
created for the field office land area (surrogate 695) in order to allocate these emissions to the 
modeling grids. Table 2-7 summarizes the surrogates created for allocating the 2018 oil and gas 
inventories to the modeling grids. Table 2-8 summarizes the associations that were made 
between the inventory sources (by SCC) to the area source oil and gas spatial surrogates. 

 

Table 2-7. WRRA oil and gas spatial surrogate weight attribute summary 

Surrogate  Name Shapefile Attribute 
601 CRVFO drill rigs (count) GSFO_rigs NONE 
603 VFO drill rigs (count) VERNAL_rigs NONE 
604 Gas production from VFO wells VERNAL_wells GAS 
605 Oil production from VFO wells VERNAL_wells OIL 
606 WRFO drill rigs (count) WRFO_Rigs NONE 
607 Gas production from WRFO wells WRFO_Wells NONE 
608 Non-FO drill rigs for 2018b (count) DrillRigs_lam NONE 
609 Gas productions from non-FO wells  Wells_all_lam GAS 
610 Oil production from non-FO wells Wells_all_lam OIL 
611 Water production from non-FO wells Wells_all_lam CBM_Water 
612 Gas production from CRVFO wells CRVFO_wells_locations_2010 GAS 
695 FO land area Field_Offices_Sub_Areas NONE 
FO = Field Office 
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Table 2-8. WRRA oil and gas spatial surrogate assignments 

SCC Surrogate SCC Surrogate 
All Field Office Emissions Non-FO WRAP Emissions 

223000121X 
223007415X 
2270002000 
2296000000 

695 
695 
695 
695 

WRFO Emissions 
2310000220 
2310000330 
2310020700 
2310020800 
2310021100 
2310021300 
2310021400 
2310021500 
2310021600 
2310030210 
2310030220 
2311000010 
2311000100 

606 
607 
607 
607 
607 
607 
607 
607 
607 
607 
607 
606 
606 

CRVFO Emissions 
2310000220 
2310000330 
2310010100 
2310020700 
2310020800 
2310021100 
2310021300 
2310021400 
2310021500 
2310021600 
2310030210 
2310030220 
2311000010 
2311000100 

601 
612 
695 
612 
612 
612 
612 
612 
612 
612 
612 
612 
601 
601 

VFO Emissions 
2310000220 
2310000330 
2310010100 
2310021100 
2310021400 
2310021500 
2310030210 
2310030220 
2311000010 
2311000100 

603 
604 
605 
604 
604 
604 
604 
604 
603 
603 

 

2310000100 
2310000220 
2310000230 
2310000300 
2310000330 
2310000440 
2310000700 
2310000800 
2310000801 
2310000820 
2310001610 
2310001620 
2310001630 
2310002210 
2310002220 
2310002230 
2310002250 
2310003100 
2310003200 
2310003300 
2310003400 
2310003500 
2310010000 
2310010100 
2310010200 
2310010300 
2310010700 
2310010800 
2310020000 
2310020600 
2310020700 
2310020800 
2310021100 
2310021300 
2310021400 
2310021500 
2310021600 
2310023000 
2310030000 
2310030210 
2310030220 

609 
608 
609 
609 
610 
610 
609 
610 
610 
610 
608 
608 
609 
610 
610 
610 
610 
609 
609 
610 
610 
609 
610 
610 
610 
610 
610 
610 
609 
609 
609 
609 
609 
609 
609 
609 
609 
611 
609 
609 
609 
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3. WRRA Emissions Modeling Technical Approach 

3.1 Overview 

For the WRRA 2018 simulations CEMPD produced annual emissions on the three RoMANS 
modeling grids for 2006, including a 15-day spin-up period starting on December 16, 2005. For 
the 2018 oil and gas alternative simulations two episodes (March 15-April 30, 2006 and June 15-
July 31, 2006) were simulated on the three RoMANS modeling grids. The 2006 emissions 
simulation was tagged Base 2006 (Base06). The 2018 simulations were tagged to indicate which 
oil and alternative development scenario they represented. The simulation using the alternative A 
inventory is tagged 2018AltA, alternative B is tagged 2018AltB, etc.  All of the U.S. 
anthropogenic inventories for the 2018 alternative modeling use 2018 inventories. Complete 
details of the emissions data used in all the modeling that was completed are contained in the 
previous section.  This section presents the complete technical approach that CEMPD used for 
producing model-ready emissions for CAMx.  

CEMPD conducted all emissions modeling for the WRRA simulations on the URS computing 
cluster with SMOKE version 2.4 (IE, 2007). Before beginning operational SMOKE modeling to 
develop annual, multi-scale emissions for CAMx, CEMPD built the emissions modeling 
computing platform at URS as described in section 2. The process of developing the computing 
component of the platform encompassed the installation of the modeling software on the URS 
computing cluster and testing the installation of the different software components. After 
installing SMOKE, CEMPD performed a benchmark simulation and compared the results 
obtained from running on the URS computing system against results from the same simulation 
that are distributed with SMOKE. SMOKE benchmark results were successfully reproduced on 
the URS system with maximum daily total differences of less than 0.1% for all emitted species. 

After benchmarking SMOKE on the URS computing system the following data sets were 
installed on the URS computing system: NPS RoMANS Pre06a, WRAP-RMC Base 2002, 
WRAP-RMC Planning 2002, and WRAP-RMC preliminary reasonable progress 2018 emissions 
inventories, ancillary input data, and SMOKE scripts. The installation of SMOKE version 2.4 
and the NPS and WRAP-RMC emissions data sets supported the creation of the database 
component of the WRRA SMOKE modeling platform. The complete WRRA emissions 
modeling platform consisted of the benchmarked SMOKE version 2.4 executables, the other 
software components described in section 2, RoMANS Pre06a and WRAP-RMC PRP18a 
SMOKE scripts ported to SMOKE v2.4, Base06 and 2018 inventories and ancillary emissions 
data, 2006 meteorology on the RoMANS 36-km, 12-km, and 4-km resolution modeling domains 
(Figure 1), and analysis programs for creating QA graphics of the WRRA emissions.   

3.1.1 Modeling Domain Definitions 

URS chose to adopt the RoMANS modeling domains for the WRRA simulations. The RoMANS 
domains consist of a series of 3 nested Lambert-Conformal modeling grids that focus on central 
Colorado. The 3:1 nested domains consist of a continental U.S. 36-km domain, a 12-km domain 
focusing on the four corner states, and a 4-km domain covering most of the State of Colorado. 
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Figure 1 presents a picture and definition of the RoMANS modeling domains used for in the 
WRRA simulations. 

 

 

 
 
 
Projection: Lambert-Conformal 
Alpha: 33° 
Beta: 45° 
Gamma: -97° 
Central longitude: -97° 
Central latitude: 40° 
 
Grid: D01 D02 D03 
Dx Dy (km) 36  12 4 
Xorig (km) -2,736 -1,416 -1,048 
Yorig (km) -2,088 -696 -256 
# Cols 148 98 146 
# Rows 112 110 101  

Figure 1. RoMANS modeling domains 

3.1.2 Chemical Mechanism 

CEMPD generated emissions for the Carbon Bond-05 (CB05) photochemical mechanism and 
CAMx extended secondary organic aerosol (SOA) particulate matter mechanism.  

3.2 Methods 

This section details the technical approach used to produce CAMx-ready emissions for the 
WRRA air quality modeling. CEMPD prepared the emissions using a combination of SMOKE, 
BEIS3, MOBILE6, the WRAP windblown dust model, and a series of pre- and post-processing 
utilities that combined the different source categories to generate a low-level and elevated 
emissions file for each simulation day as required by CAMx. Only cursory summaries of the 
standard SMOKE processing steps are provided here. Additional details of SMOKE processing 
are available in Tonnesen et al. (2006) and IE (2007). The emphasis of this section is on the 
emissions processing details that are specific to the WRRA modeling. 
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3.2.1 Area Source Processing 

Area source emissions processing converts annual or daily country, state, or county-level 
emissions inventories to hourly, grid-cell emissions fluxes. The conversion from the political 
spatial unit (i.e. county) to grid-cell emissions is accomplished with spatial surrogates that map 
land use categories for each political unit (e.g. population by county) to the overlying grid cells.  

Area source inventories can contain both annual and/or daily emissions estimates. Typically 
seasonal and monthly area source inventories are provided as daily emissions estimates 
(tons/day). CEMPD configured SMOKE to use the value from either the annual or the daily 
inventory field, depending on how the inventory was developed. The inventory values are 
converted to hourly emissions estimates in units of moles/hr for CAMx using monthly, weekly, 
and daily temporal profiles. 

Speciation profiles are applied to convert the inventory volatile organic compound (VOC), NOx, 
SO2, and PM2.5 estimates to CB05 and CAMx PM-mechanism chemical species. Table 3-1 
summarizes the WRRA emission sectors that were processed as area sources. 

Table 3-1. Area source processing categories 

Inventory 
Abbreviation 

Description Annual/Seasonal/Monthly

ar stationary area annual 
mb WRAP mobile (except CO) seasonal 

nusm Canada and Mexico mobile annual 
nrm nonroad mobile – monthly monthly 
nry nonroad mobile – annual annual 
nh3 CENRAP and VISTAS ammonia annual 
ofsar Gulf of Mexico area  annual 
wog WRAP oil & gas annual 

wog_alt WRFO alternatives oil & gas annual 

3.2.2 Point Source Processing 

Point source processing differs from area sources in how the emissions are allocated to the model 
grid cells. Point source inventories contain latitude-longitude coordinates for the emissions 
locations along with stack parameters for calculating the altitude at which the emissions are 
released. Spatial allocation of point sources does not require the use of spatial surrogates; 
SMOKE uses the stack coordinate information contained in the inventories in conjunction with 
the modeling grid definition to place the emissions in specific grid cells. CEMPD prepared 
elevated point emissions for CAMx by specifying that all sources with plumes that extend higher 
than 40 meters be treated as elevated. SMOKE uses an analytic plume rise calculation to tag the 
sources that meet this criterion as elevated and separates the inventory into low-level and 
elevated point sources. SMOKE outputs daily elevated source emissions files that contain stack 
parameter information from the inventory for each elevated source.  CAMx uses this stack 
parameter information to calculate hourly layer fractions for the emissions from these sources. 
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The point source fire inventories modeled for the WRRA simulations do not contain stack 
parameters and require a different processing approach than the standard point source 
inventories. The fire inventories used for the WRRA simulations contain pre-computed hourly 
layer 1 fraction, plume bottom, and plume top values that SMOKE uses to calculate hourly layer 
fractions. To prepare the fire inventories for CAMx, the SMOKE layer fraction program was 
used to create 3-d model-ready emissions and then post processed using  the CMAQ2CAMx 
converter to split these emissions into low-level and elevated files as required by CAMx. Further 
post-processing merged the fire emissions with the rest of the point source emissions to create 
total low-level and elevated point source emissions files for CAMx. 

Point inventories also differ from stationary area inventories in that they can contain actual daily 
or hourly emissions estimates. Where the daily emissions record for a stationary area inventory 
represents a single representative day that can then be extrapolated to the rest of the year or 
season, point source inventories can contain actual daily emissions for every day of the year. The 
approach for temporally allocating point source inventories to hourly emissions for CAMx will 
depend on whether the inventories are annual, daily, or hourly. 

Table 3-2 summarizes the WRRA emission sectors that were processed as point sources. 

Table 3-2. Point source processing categories 

Inventory 
Abbreviation 

Description Annual/Daily/Hourly 

pt stationary point annual and hourly 
wnwf WRAP point fires without wildfires daily emissions; hourly 

plume rise 
wwf WRAP point wildfires daily emissions; hourly 

plume rise 
nwf non-WRAP point fires daily emissions; hourly 

plume rise 
ptwog WRAP oil and gas point annual 

ptwog_alt WRFO alternatives oil and gas point annual 

3.2.3 Mobile Source Processing 

Mobile source inventories can consist of either pre-computed county-level emissions or county-
level activities. The pre-computed mobile emissions are essentially processed as area sources 
(see Section 3.2.1). On-road mobile activities contain annual estimates of vehicle miles traveled 
and speeds by county. These activities are input to the on-road mobile model MOBILE6 
contained in SMOKE to estimate emissions for different vehicle types and road classes. The 
predicted emissions are then adjusted with hourly meteorology data to account for variations due 
to temperature and humidity. Spatial allocation of these emissions is accomplished with either 
spatial surrogates for different road classes or with link information that describes the location of 
different road segments within the modeling grid. For the WRRA modeling CEMPD used spatial 
surrogates of different road classes to allocate the on-road mobile emissions to the modeling 
grid. 
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MOBILE6 was used to estimate on-road mobile emissions for all U.S. States outside of the 
WRAP region. For the WRAP States, Canada, and Mexico, pre-computed on-road mobile 
inventories were used. The decision to configure the on-road mobile emissions this way was 
primarily due to data availability. The standard WRAP inventories consist of seasonal pre-
computed county-level emissions. To increase the efficiency and limit the computational 
requirements of on-road mobile modeling, MOBILE6 can be configured to use reference 
counties to serve as surrogates for similar surrounding counties.  A reference county will have 
fuel sulfur levels, inspection and maintenance programs, and other on-road mobile parameters 
that are representative of another or several surrounding counties. The 2002 on-road activity 
inventories that were used for simulation Base06 relied on reference counties for the VISTAS, 
MWRPO, and MANE-VU states. The CENRAP state inventories did not use reference counties 
and have high computational memory requirements which force the splitting of this sector into 
three different processing streams.  

Table 3-3 summarizes the WRRA emission sectors that were processed as mobile sources. 

Table 3-3. Mobile source processing categories 

Inventory 
Abbreviation 

Description Annual/Daily/Hourly 

mbv MWRPO, MANE-VU, and VISTAS on-
road mobile activities 

annual activities, monthly 
scenario files 

mbv1 CENRAP part 1 on-road mobile activities annual activities, monthly 
scenario files 

mbv2 CENRAP part 2 on-road mobile activities annual activities, monthly 
scenario files 

3.2.4 Biogenic Source Processing 

Biogenic emissions are computed using gridded land-use data, emissions factors for each land-
use category, and hourly meteorology data. Gridded land-use data was prepared using the Spatial 
Allocator to re-grid 1-km resolution BELD land-use tiles to the three RoMANS modeling 
domains. Hourly meteorology data was prepared by URS with MM5 and pre-processed for 
SMOKE with MCIP.  

The BELD land-use data are installed on the URS computers in the following directory: 
/projects/WRRA/smoke/Spatial/beld3. The run scripts for preparing the BELD data for SMOKE 
are in the following directory: /projects/WRRA/util/SpatialAllocator/scripts. Figure 2 is an 
example run script for producing SMOKE-ready land-use data. Since the analysis used the same 
modeling grids as the NPS RoMANS modeling, CEMPD did not recreate the gridded land use 
data on the URS computing system.  The files were copied to the URS computers directly from 
the NPS system. 
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#!/bin/csh -f 
#******************* Beld3smk Run Script ************************************* 
# Runs beld3smk for sample modeling grid 
# June 2006, LR 
#***************************************************************************** 

 
setenv DEBUG_OUTPUT Y 
 
# Set executable 
setenv MIMSDIR .. 
setenv EXE $MIMSDIR/beld3smk.exe 
 
# Set Input Directory 
setenv DATADIR /npsr1/nps/smoke/Spatial/beld3 
setenv OUTPUT  /npsr1/nps/smoke/pre06/data/inventory/romans2006/biog 
 
setenv TIME time 
 
# Set program parameters 
setenv OUTPUT_GRID_NAME ROMANS12_98X110 
setenv OUTPUT_FILE_TYPE RegularGrid 
setenv OUTPUT_FILE_ELLIPSOID +R=6370977.0 
setenv GRIDDESC /home/smoke/pre06/data/ge_dat/GRIDDESC 
setenv INPUT_DATA_DIR $DATADIR/ 
setenv TMP_DATA_DIR $MIMSDIR/tmp/ 
setenv OUTPUT_FILE_PREFIX $OUTPUT/beld3_${OUTPUT_GRID_NAME}_output 
 
# Create temporary data directory if needed 
if(! -e $TMP_DATA_DIR) mkdir $TMP_DATA_DIR 
 
$TIME $EXE 

Figure 2. Sample beld3smk run script 

3.2.5 Windblown Dust Processing 

The WRAP windblown dust model uses gridded land use data, land-use-specific emissions 
factors, and hourly meteorology to calculate gridded windblown dust emissions. CEMPD used 
the land-use data and emissions factors from the WRAP 2002 modeling with the URS WRRA 
2006 meteorology to estimate these emissions on all three RoMANS modeling grids. The scripts 
for running this model are located in the following directory: /projects/WRRA/util/wrap_wbd. 
These emissions were converted from gridded ASCII files output from the windblown dust 
model to a binary netCDF format before merging these data with the rest of the low-level 
emissions. 

3.2.6 Commercial Shipping Emissions Processing 

The gridded commercial shipping emissions did not require any processing for the WRRA 
modeling. With the 36-km grid matching the WRAP 36-km grid these data were simply 
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transferred the binary netCDF hourly gridded shipping emissions from the WRAP-RMC directly 
to the URS computers. These emissions only exist in the 36-km RoMANS grid.  

3.2.7 Merging 

As CAMx requires two emissions files per simulation day (one low-level and one elevated), the 
final step in the SMOKE processing merges all of the emissions categories together into the two 
files. The SMOKE programs Mrggrid and Mrgelev combine all of the low-level and elevated 
sources, respectively, into single files per model day. There were several emissions sectors that 
required special processing, either outside of SMOKE (windblown dust, commercial shipping) or 
in the case of point source fires, were processed in SMOKE but were split into elevated and low-
level sources in a post-processing step. Once all of the emissions were in the form of either low-
level or elevated files, they were combined using the two programs mentioned above and 
reformatted them to the binary CAMx format.  

Figure 3 summarizes the approach for creating low level CAMx-ready emissions with SMOKE. 
The input data files represent inventories and ancillary data. The first SMOKE box represents all 
of the SMOKE programs for inputting the inventories and ancillary data (i.e. Smkinven, Grdmat, 
etc.) through combining this information with the program Smkmerge. The outputs from 
Smkmerge are netCDF files for each emissions category. These outputs are merged into a single 
file for each model day with the program Mrggrid. Finally the SMOKE program Smk2emis 
reformats the merged-netCDF files to a low-level CAMx-formatted binary file. 

 

 

Figure 3. SMOKE low-level emissions processing diagram 
Figure 4 summarizes the approach for creating point source CAMx-ready emissions with 
SMOKE. Point sources consist of both low-level and elevated sources, with the distinction that 
elevated sources will have their emissions allocated to the model layers above layer 1. In Figure 
4 the input data again represent the inventories and ancillary data. The first SMOKE box 
represents all of the SMOKE programs used to input these data into the system and merge them 
together. The diagram illustrates how the merge program is configured to output low-level 
netCDF files and elevated ASCII files. The elevated files are combined with the SMOKE 
program Mrgelev, which also formats them to a CAMx-ready binary input file. In a second 
processing stream, the low-level point files are combined with the program Mrggrid. Note that 
this step is analogous to merging the low-level sources illustrated in Figure 3. For the WRRA 
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processing the low-level merge step is where the two diagrams converge: low-level point sources 
were combined with the rest of the low-level sources in this step of the processing. The resulting 
merged low-level netCDF file is then formatted for CAMx with the program Smk2emis. 
 
 
 

 

Figure 4. SMOKE elevated emissions processing diagram 

4. Quality Assurance 
 

There are two primary sources of error that can be introduced into model-ready emissions.  
Computing errors result from the incorrect configuration of an emission modeling system and/or 
the incorrect handling of input data to the system. Input data errors result from uncertainties in 
the inventory or ancillary data. CEMPD uses a systematic process for ensuring that computing 
errors are minimized during the preparation of emissions data and for indicating where there are 
glaring input data errors. Because detailed scrutiny of the input emissions data is beyond the 
scope of CEMPD’s role in this project, this report focuses on the quality assurance and quality 
control (QC) methods to address any computing errors in the SMOKE processing for the WRRA 
simulations.  

CEMPD employed a QA/QC plan for emissions modeling that focuses on the following four 
classifications of QA, to ensure that model-ready emissions datasets are both of high quality and 
reproducible: (1) accuracy assurance and problem identification (termed “modeling QA”); 
(2) software and data tracking (“system QA”); (3) independent data review (“gatekeeping and 
outside review”); and (4) documentation. Described in detail and presented as actual QA 
procedures in Adelman (2004), these four areas cover all aspects of emissions modeling. 
Splitting the QA into different classifications is not an attempt to prioritize the QA effort; 
instead, it is a way of presenting the information that allows those performing QA to focus on 
each area individually as it arises in the modeling process. 
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4.1.1 Modeling QA 
Modeling QA involves performing data quality checks, assuring simulation accuracy, and 
recognizing and identifying problems as they happen; it is the process of looking for glaring 
faults in the model input and output data (I/O) and determining whether the input data are 
producing the desired results. Scrutiny of the I/O using standard statistical analyses can reveal 
problems in the data and/or the model setup. Using a standard approach for analyzing emissions 
model I/O establishes reference points to use when scrutinizing the data. Seeking these indicators 
of correct model performance allows QA personnel to determine the accuracy of the simulations 
and whether faults in the data or model configuration exist. Several indicators of model 
performance are presented in Adelman (2004). 

Because empirical data for comparing emissions results to ambient emissions patterns do not 
readily exist, the modeling QA steps that CEMPD employed for the WRRA simulations focused 
on comparing the WRRA emissions modeling results to results from the NPS RoMANS 
modeling and the WRAP-RMC modeling. CEMPD compared annual State totals for each of the 
emissions sectors and analyzed the similarities and differences in the results.  Since CEMPD 
derived the WRRA emissions directly from the RoMANS and WRAP-RMC modeling, exact 
matches were expected when comparing the emissions totals for many of the sectors. CEMPD 
confirmed that the results met expectations, in terms of seeing differences between these 
simulations only where inventory changes occurred 

Additional modeling QA involves comparing inventory totals provided by the inventory 
developer to emissions results produced by SMOKE.  For the oil and gas alternative inventories 
CEMPD compared the inventory summaries provided by URS to the results produced by 
SMOKE and confirmed that SMOKE reproduced the inventory totals exactly. 

4.1.2 System QA 
System QA addresses model installation and configuration issues, data accounting, and ensures 
that the modeling systems are producing results that are expected and can be reproduced in the 
future. Properly benchmarking a model and assuring that the installation is complete is the first 
step in the system QA process. Confirmation of configuration settings, compile options, and 
other system-related parameters must occur and be documented prior to producing any model 
results. A key feature of system QA is facilitating the reproduction of model results in the future 
and the ability to revert back to a previous configuration or installation after the model has been 
revised or updated. In addition to thorough documentation, version control software is required 
for archiving model executables, run and configuration scripts, and important data files. 
Combining documentation of the modeling procedures with archives of the model installation 
and data files will ensure that the model installation and configuration are correct and that past 
simulations are sufficiently documented and archived to allow their reproduction. 

CEMPD completed proper benchmarking of the SMOKE model on the URS computers before 
proceeding with the WRRA modeling. CEMPD directly ported the scripts from the RoMANS 
and WRAP-RMC modeling, which had be through system QA checks for configuration settings, 
to the URS systems for the WRRA modeling. A full system QA check on these scripts was not 
repeated.  Instead, the scripts were scrutinized where there were inventory changes, such as the 
oil and gas sector and Base06 stationary point sector.  Since URS was conducting regular disk 
back-ups of the SMOKE working directories CEMPD did not create a version control archive of 
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the SMOKE scripts.  A full archive of SMOKE logs for all simulations is available on the URS 
computing cluster. These logs can be used in combination with the SMOKE scripts for 
reproducing all of the emissions data that were generated for the WRRA modeling. 

4.1.3 Gatekeeping and Outside Review 
Gatekeeping and outside review is the process of ensuring that the data entering and leaving the 
SMOKE modeling process meet a predetermined quality level. A gatekeeper screens model data 
before they pass from one major step of the modeling process to the next. In emissions QA, 
gatekeeping is applied to the emissions inventory and SMOKE input files on the front end of the 
modeling process, and to the SMOKE output files at the back end. A gatekeeper (or gatekeeping 
team) is responsible for performing a series of “sanity checks” on both the input and output data 
streams. Outside reviewers are emissions experts who are not part of the RMC modeling team. 
They periodically review the entire process—the emissions data, the modeling, and the QA steps 
taken—using their judgment as experts to decide what to review and how to review it. 

CEMPD used a team-based approach for producing the WRRA CAMx-ready emissions. One 
modeler was responsible for only processing the data through SMOKE and preparing them for 
input to CAMx.  Two other modelers were responsible for setting up the SMOKE simulations 
and checking the results as they were produced by SMOKE. The operational modeler who was 
conducting the SMOKE simulations did not perform any quality checks on the results; these 
checks were handled completely by the two “gatekeeping” modelers. Delegating the emissions 
modeling tasks between operations and gatekeeping is an effective way to ensure that mistakes in 
the SMOKE modeling are minimized.  

4.1.4 Documentation 
Documentation, a component that is common to all of the other three QA classifications, 
provides the record of the QA process. Establishing a detailed set of requirements for document-
ing every step in the QA process will ensure not only that the documentation is created as 
expected but that the processes recorded by the documentation are completed correctly. In addi-
tion to records or lists of completed QA steps, documentation refers to summaries and interpreta-
tions of emissions inventory reports and analyses. Covering the entire realm of the modeling 
process, QA documentation will include records of model configuration, details about data files, 
simulation records, and final report generation.  

All of the data files that were compiled for the WRRA simulations are documented in Adelman 
(2007) and Tonnesen (2006). 

4.1.5 Problems Encountered and Resolutions 

Through the course of preparing the emissions for the WRRA 2018 simulations several minor 
and a few major problems were encountered with the data, software, and modeling that required 
corrections and the redevelopment of the CAMx-ready emissions.  CEMPD began developing 
the WRRA 2018 emissions reported here from version B of the 2018 emissions, which was 
completed in a previous phase of this project (Adelman, 2008).  Version C included updates to 
the oil and gas inventories in Northwestern Colorado for both point and area sources and new 
spatial surrogates for the area source oil and gas sector.  During the processing and QA/QC of 
these emissions a bug in the SMOKE software was identified that resulted in the incorrect spatial 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix J

J-40



 

   

allocation of some of the point source oil and gas sources. While emissions were not being 
dropped by SMOKE, the sources were being shifted into incorrect grid cells.  A report of this 
issue is documented on the Community Modeling and Analysis System (CMAS) Center support 
forum (http://bugz.unc.edu/show_bug.cgi?id=3229).  CEMPD was able to fix the SMOKE code 
and confirmed that the point source oil and gas sources are consistently being placed in the 
correct grid cells.  Version D of the emissions included this fix to the point source oil and gas 
source locations. 

During QA/QC of emissions version D CEMPD discovered that a series of new SCCs were 
included in the area source oil and gas inventory that were not in version B of the inventory.  
These new SCCs were not being allocated to the modeling grids due to missing entries in the 
SMOKE input cross-reference file that defines which spatial surrogates to use for the different 
inventory sources.  The missing entries resulted in the omissions of several thousand tons of 
fugitive VOC emissions from the area source oil and gas sector in version D of the emissions.  
CEMPD added these SCCs into the SMOKE spatial surrogate cross-reference file to correct this 
error.  Version E of the emissions reflects this correction to the spatial surrogate assignments for 
the area source oil and gas sources. 

5. Results and Discussion 
CEMPD completed the WRRA Base06 simulation and QA on all three modeling grids in 
September 2008. The 2018 alternative simulations and QA were completed in November 2008. 
There were a series of delays that lead to changes to the original delivery date of these emissions 
related to the development of the alternative inventories and ancillary data, development of the 
WRRA 2006 meteorology, corrections to errors in the SMOKE processing, and the selection of 
the episodic run dates for the 2018 simulations. Details about the processing errors that were 
discovered during the SMOKE modeling and how these errors were resolved are archived in the 
UNC Bugzilla system (see section 4.1.4.1). 

Tables 5-1 and 5-2 are SMOKE summaries of the inventories that were used to produce the Base 
2018 and alternative CAMx-ready emissions. Table 5-1 summarizes the gridded 2018 U.S. total 
annual emissions by major emissions sector, with the exception of oil and gas sources, for the 
36-km modeling grid. Figure 5 illustrates these same data as a stacked bar chart based on total 
emissions quantities, while Figure 6 illustrates U.S. emissions on a percentage basis.  

Table 5-2 summarizes the gridded 2018 oil and gas inventories that were used in the four 
alternative simulations. Emissions include those for the WRFO, CRVFO, and the VFO; oil and 
gas emissions for the LSFO were included in non-alternative emissions sets. Figures 7 and 8 
illustrate the NOx and VOC emissions for the four oil and gas alternative inventories, 
respectively.  The stacked bars present the area and point source components of each 
WRFO/CRVFO alternative inventory. 
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Table 5-1. WRRA base 2018 36-km gridded US emissions totals (tpy) 

US Totals  CO             NOX            VOC            NH3           SO2          PM10 PM2_5    
Area 8510010 1859766 8017835 1146758 1239701 8799831 2074906
Onroad 33381782 2243028 2742817 366964 36086 147572 72314
Nonroad 26783266 2448667 1961824 4140 88310 363227 186139
Point 5018265 4699112 1778992 332702 6733553 1421799 917051
Fires 11101833 237376 555705 57081 64825 1886 818452
NH3 0 0 0 2331573 0 944860 0
Area Oil & 
Gas 68260 191728 749974 0 89 0 175
Point Oil & 
Gas 102554 82011 55020 79 42189 177 696
Biogenic 6709048 967690 65782480 0 0 0 0
Windblown 
Dust 0 0 0 0 0 3588864 3588864
Offshore 155891 559705 101150 128 276612 42129 40876
Total US 91830908 13289083 81745796 4239425 8481364 15310344 7699473

 
 

 

Figure 5. WRRA 2018 36-km US gridded annual emissions by sector 
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Figure 6. WRRA 2018 36-km US gridded annual percentage emissions by sector 
 

Table 5-2. 2018 WRRA oil & gas 36-km gridded US emissions totals (tpy) 

  CO             NOX           VOC           NH3          SO2 PM10  PM2.5 

Area 

Base 3164 2952 17539 0 14 7098 946
Alternative A 3536 3099 32516 0 17 19889 2230
Alternative B 4127 3210 21062 0 24 8714 1119
Alternative C 5073 3529 26102 0 32 10639 1326
Alternative D 6121 3935 35697 0 41 11683 1452
Point 
Base 5469 2835 3105 0 2 47 47
Alternative A 9305 4979 7119 0 6 154 154
Alternative B 11189 6009 8819 0 8 196 196
Alternative C 15309 8185 11632 0 10 250 250
Alternative D 15628 8463 12320 0 12 306 306
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Figure 7. 2018 BLM WRFO, CRVFO, and VFO oil & gas NOx emissions totals 
 

 

Figure 8. 2018 BLM WRFO, CRVFO, and VFO oil & gas VOC emissions totals 
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Table K-1.  Future Ozone Design Values for 4km Monitors 
 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Rural Monitors 
April      2006-2007 

A 70 70 1.00 66 65  
B 70 70 1.00 66 65  
C 70 70 1.00 66 65  
D 70 70 1.00 66 65  

July      2006–2007 
A 67 66 0.99 66 65  
B 67 66 0.99 66 65  
C 67 66 0.99 66 65  

RPCK Ripple Creek Pass 

D 67 66 0.99 66 65  

April      2006–2007 

A 69 68 0.99 70 69  

B 69 68 0.99 70 69  

C 69 68 0.99 70 69  

D 69 68 0.99 70 69  

July      2006–2007 

A 64 58 0.91 70 63  

B 64 57 0.89 70 62  

C 64 57 0.89 70 62  

SUNM Sunlight 

D 64 58 0.91 70 63  

April      2006–2008 

A 67 66 0.99 69 68  

B 67 66 0.99 69 68  

C 67 66 0.99 69 68  

D 67 66 0.99 69 68  

July      2006–2008 

A 63 60 0.95 69 65  

B 63 60 0.95 69 65  

C 63 60 0.95 69 65  

COLM Colorado NM 

D 63 60 0.95 69 65  
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Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 
 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Rural Monitors (cont.) 
April      2004–2008 

A 71 70 0.99 67 66  

B 71 70 0.99 67 66  

C 71 70 0.99 67 66  

D 71 70 0.99 67 66  

July      2004–2008 

A 62 60 0.97 67 64  

B 62 60 0.97 67 64  

C 62 60 0.97 67 64  

GTH161 Gothic 

D 62 60 0.97 67 64  

April      2005–2008 

A 65 65 1.00 66 65  

B 65 65 1.00 66 65  

C 65 65 1.00 66 65  

D 65 65 1.00 66 65  

July      2005–2008 

A 64 62 0.97 66 64  

B 64 62 0.97 66 64  

C 64 62 0.97 66 64  

DINO Dinosaur NM 

D 64 62 0.97 66 64  

April      2004–2008 

A 71 70 0.99 75 74  

B 71 70 0.99 75 74  

C 71 70 0.99 75 74  

D 71 70 0.99 75 74  

July      2004–2008 

A 67 62 0.93 75 69  

B 67 62 0.93 75 69  

C 67 63 0.94 75 70  

080690007 Rocky Mountain NP 

D 67 63 0.94 75 70  
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Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 

 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Rural Monitors (cont.) 
April      2004–2008 

A 71 70 0.99 73 72  

B 71 70 0.99 73 72  

C 71 70 0.99 73 72  

D 71 70 0.99 73 72  

July      2004–2008 

A 67 62 0.93 73 67  

B 67 62 0.93 73 67  

C 67 63 0.94 73 68  

ROM206 Rocky Mountain NP 
Co-Located 

D 67 63 0.94 73 68  

April      2004–2008 

A 68 67 0.99 71 70  

B 68 67 0.99 71 70  

C 68 67 0.99 71 70  

D 68 67 0.99 71 70  

July      2004–2008 

A 63 62 0.98 71 69  

B 63 62 0.98 71 69  

C 63 62 0.98 71 69  

SHAM Shamrock 

D 63 62 0.98 71 69  

April      2004–2008 

A 67 67 1.00 72 71  

B 67 67 1.00 72 71  

C 67 67 1.00 72 71  

D 67 67 1.00 72 71  

July      2004–2008 

A 64 63 0.98 72 70  

B 64 63 0.98 72 70  

C 64 63 0.98 72 70  

080830101 Mesa Verde NP 

D 64 63 0.98 72 70  

 
 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix K

K-5



 

 

Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Urban Monitors 
April      2004–2008 

A 74 74 1.00 70 69  
B 74 74 1.00 70 69  
C 74 74 1.00 70 69  
D 74 74 1.00 70 69  

July      2004–2008 
A 77 72 0.94 70 65  
B 77 72 0.94 70 65  
C 77 72 0.94 70 65  

080013001 Welby 

D 77 72 0.94 70 65  

April      2004–2008 
A 73 72 0.99 75 74  
B 73 72 0.99 75 74  
C 73 72 0.99 75 74  
D 73 72 0.99 75 74  

July      2004–2008 
A 77 71 0.92 75 69  
B 77 71 0.92 75 69  
C 77 71 0.92 75 69  

080050002 Highland 

D 77 71 0.92 75 69  

April      2004–2008 
A 73 71 0.97 79 76  
B 73 71 0.97 79 76  
C 73 71 0.97 79 76  
D 73 71 0.97 79 76  

July      2004–2008 
A 73 67 0.92 79 72  
B 73 67 0.92 79 72  
C 73 67 0.92 79 72  

080130011 South Boulder Creek 

D 73 67 0.92 79 72  

April      2005–2007 
A 74 74 1.00 56 56  
B 74 74 1.00 56 56  
C 74 74 1.00 56 56  
D 74 74 1.00 56 56  

July      2005–2007 
A 79 73 0.92 56 51  
B 79 73 0.92 56 51  
C 79 73 0.92 56 51  

080310002 CAMP 

D 79 73 0.92 56 51  
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Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 
 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Urban Monitors (cont.) 
April      2004–2008 

A 73 73 1.00 72 71  
B 73 73 1.00 72 71  
C 73 73 1.00 72 71  
D 73 73 1.00 72 71  

July      2004–2008 
A 79 73 0.92 72 66  
B 79 73 0.92 72 66  
C 79 73 0.92 72 66  

080310014 Carriage 

D 79 73 0.92 72 66  

April      2004–2008 
A 73 72 0.99 82 81  
B 73 72 0.99 82 81  
C 73 72 0.99 82 81  
D 73 72 0.99 82 81  

July      2004–2008 
A 77 70 0.91 82 74  
B 77 70 0.91 82 74  
C 77 70 0.91 82 74  

080350004 Chatfield Park 

D 77 70 0.91 82 74  

April      2004–2008 
A 71 70 0.99 72 71  
B 71 70 0.99 72 71  
C 71 70 0.99 72 71  
D 71 70 0.99 72 71  

July      2004–2008 
A 67 61 0.91 72 65  
B 67 61 0.91 72 65  
C 67 61 0.91 72 65  

080410013 USAF Academy 

D 67 61 0.91 72 65  
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Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 

 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Urban Monitors (cont.) 
April      2004–2008 

A 71 70 0.99 73 72  
B 71 70 0.99 73 72  
C 71 70 0.99 73 72  
D 71 70 0.99 73 72  

July      2004–2008 
A 67 61 0.91 73 66  
B 67 61 0.91 73 66  
C 67 61 0.91 73 66  

080410016 Manitou Springs 

D 67 61 0.91 73 66  

April      2004–2008 
A 73 72 0.99 77 76  
B 73 72 0.99 77 76  
C 73 72 0.99 77 76  
D 73 72 0.99 77 76  

July      2004–2008 
A 78 72 0.92 77 70  
B 78 72 0.92 77 70  
C 78 72 0.92 77 70  

080590002 Arvada 

D 78 72 0.92 77 70  

April      2004–2008 
A 73 72 0.99 74 73  
B 73 72 0.99 74 73  
C 73 72 0.99 74 73  
D 73 72 0.99 74 73  

July      2004–2008 
A 77 71 0.92 74 68  
B 77 71 0.92 74 68  
C 77 71 0.92 74 68  

080590005 Welch 

D 77 71 0.92 74 68  
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Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 

 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Urban Monitors (cont.) 
April      2004–2008 

A 73 72 0.99 83 82  
B 73 72 0.99 83 82  
C 73 72 0.99 83 82  
D 73 72 0.99 83 82  

July      2004–2008 
A 75 69 0.92 83 76  
B 75 69 0.92 83 76  
C 75 69 0.92 83 76  

080590006 Rocky Flats North 

D 75 69 0.92 83 76  

April      2004–2008 
A 73 72 0.99 80 79  
B 73 72 0.99 80 79  
C 73 72 0.99 80 79  
D 73 72 0.99 80 79  

July      2004–2008 
A 77 72 0.94 80 75  
B 77 72 0.94 80 75  
C 77 72 0.94 80 75  

080590011 NREL 

D 77 72 0.94 80 75  

April      2006–2008 
A 71 69 0.97 82 79  
B 71 69 0.97 82 79  
C 71 69 0.97 82 79  
D 71 69 0.97 82 79  

July      2006–2008 
A 67 62 0.93 82 76  
B 67 62 0.93 82 76  
C 67 62 0.93 82 76  

080690011 Fort Collins West 

D 67 62 0.93 82 76  
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Table K-1.  Future Ozone Design Values for 4km Monitors (cont.) 

 

Monitor ID 
Location 

Description 
Episode / 

Alternative 
CB 

(ppb) 
CF 

(ppb) RRF 
DVB 
(ppb) 

DVF 
(ppb) 

Data Available 
for Years 

Urban Monitors (cont.) 
April      2004–2008 

A 71 70 0.99 72 71  
B 71 70 0.99 72 71  
C 71 70 0.99 72 71  
D 71 70 0.99 72 71  

July      2004–2008 
A 67 62 0.93 72 66  
B 67 62 0.93 72 66  
C 67 62 0.93 72 66  

080691004 Fort Collins 

D 67 62 0.93 72 66  

April      2004–2008 
A 71 69 0.97 76 73  
B 71 69 0.97 76 73  
C 71 69 0.97 76 73  
D 71 69 0.97 76 73  

July      2004–2008 
A 69 63 0.91 76 69  
B 69 63 0.91 76 69  
C 69 63 0.91 76 69  

081230009 Weld County Tower 

D 69 63 0.91 76 69  
CB = Baseline concentration (mean modeled 8-hour daily maximum baseline [Base06c] concentration during the episode) 
CF = Future concentration (mean modeled 8-hour daily maximum future concentration during the episode)  
DVB = Baseline design value (Base06c) 
DVF = Future design value 
NM = National Monument 
NP = National  Park 
ppb = parts per billion 
RRF = Relative response factor 
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APPENDIX L 

8-Hour Daily Maximum Time Series Plots for All Monitors in the 4km 
Domain 

 

Western Slope 
Figure L-1 Colorado National Monument COLM 
Figure L-2 Dinosaur National Monument DINO 
Figure L-3 Gothic GTH161 
Figure L-4 Mesa Verde NP, Colorado 080830101 
Figure L-5 Ripple Creek Pass RPCK 
Figure L-6 Shamrock SHAM 
Figure L-7 Sunlight Mountain SUNM 

Front Range  
Figure L-8 Welby 080013001 
Figure L-9 Littleton 080050002 
Figure L-10 Foothills Parkway 080130011 
Figure L-11 CAMP 080310002 
Figure L-12 Carriage 080310014 
Figure L-13 Roxborough Park Road 080350004 
Figure L-14 USAF Academy 080410013 
Figure L-15 Manitou Springs 080410016 
Figure L-16 Arvada 080590002 
Figure L-17 Morrision 080590005 
Figure L-18 Rocky Flats 080590006 
Figure L-19 Quaker Street 080590011 
Figure L-20 RMNP 080690007 
Figure L-21 RMNP Co-located ROM206 
Figure L-22 Fort Collins West 080690011 
Figure L-23 Fort Collins North 080691004 
Figure L-24 Greeley 080013001 
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Figure L-1.  8-Hour daily maximum ozone time series at the Colorado National Monument monitor for Base06c and all 
Alternatives. 

 

Figure L-2.  8-Hour daily maximum ozone time series at the Dinosaur National Monument monitor for Base06c and all 
Alternatives. 
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Figure L-3.  8-Hour daily maximum ozone time series at the Gothic monitor for Base06c and all Alternatives. 

 

Figure L-4.  8-Hour daily maximum ozone time series at the MVNP monitor for Base06c and all Alternatives. 
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Figure L-5.  8-Hour daily maximum ozone time series at the Ripple Creek Pass monitor for Base06c and all 
Alternatives. 

 

Figure L-6.  8-Hour daily maximum ozone time series at the Shamrock monitor for Base06c and all Alternatives. 
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Figure L-7.  8-Hour daily maximum ozone time series at the Sunlight Mountain monitor for Base06c and all 
Alternatives. 

 

Figure L-8.  8-Hour daily maximum ozone time series at the Welby monitor for Base06c and all Alternatives. 
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Figure L-9.  8-Hour daily maximum ozone time series at the Littleton monitor for Base06c and all Alternatives. 

 

Figure L-10.  8-Hour daily maximum ozone time series at the Foothills Parkway monitor for Base06c and all 
Alternatives. 
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Figure L-11.  8-Hour daily maximum ozone time series at the CAMP monitor for Base06c and all Alternatives. 

 

Figure L-12.  8-Hour daily maximum ozone time series at the Carriage monitor for Base06c and all Alternatives. 
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Figure L-13.  8-Hour daily maximum ozone time series at the Roxborough Park Road monitor for Base06c and all 
Alternatives. 

 

Figure L-14.  8-Hour daily maximum ozone time series at the USAF Academy monitor for Base06c and all 
Alternatives. 
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Figure L-15.  8-Hour daily maximum ozone time series at the Manitou Springs monitor for Base06c and all 
Alternatives. 

 

Figure L-16.  8-Hour daily maximum ozone time series at the Arvada monitor for Base06c and all Alternatives. 
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Figure L-17.  8-Hour daily maximum ozone time series at the Morrison monitor for Base06c and all Alternatives. 

 

Figure L-18.  8-Hour daily maximum ozone time series at the Rocky Flats monitor for Base06c and all Alternatives. 
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Figure L-19.  8-Hour daily maximum ozone time series at the Quaker Street monitor for Base06c and all Alternatives. 

 

Figure L-20.  8-Hour daily maximum ozone time series at the RMNP monitor for Base06c and all Alternatives. 
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Figure L-21.  8-Hour daily maximum ozone time series at the RMNP Co-located monitor for Base06c and all 
Alternatives. 

 

Figure L-22.  8-Hour daily maximum ozone time series at the Fort Collins West monitor for Base06c and all 
Alternatives. 
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Figure L-23.  8-Hour daily maximum ozone time series at the Fort Collins North monitor for Base06c and all 
Alternatives. 

 

Figure L-24.  8-Hour daily maximum ozone time series at the Greeley monitor for Base06c and all Alternatives. 
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APPENDIX M 

CRVFO Alternative D 8 Hour Ozone Maximum and Difference Plots  
for  

April and July 2006 
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Figure M-1.  April 1 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-2.  April 2 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-3.  April 3 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-4.  April 4 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-5.  April 5 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-6.  April 6 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-7.  April 7 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-8.  April 8 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-9.  April 9 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-10.  April 10 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-11.  April 11 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-12.  April 12 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-13.  April 13 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-14.  April 14 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-15.  April 15 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-16.  April 16 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-17.  April 17 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-18.  April 18 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-19.  April 19 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-20.  April 20 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-21.  April 21 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-22.  April 22 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-23.  April 23 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-24.  April 24 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

Air Resources Technical Support Document

Colorado River Valley RMP Revision 

ARTSD, Appendix M

M-10



 

 

  
Figure M-25.  April 25 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-26.  April 26 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-27.  April 27 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-28.  April 28 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-29.  April 29 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-30.  April 30 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-32.  July 1 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-32.  July 2 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-33.  July 3 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-34.  July 4 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-35.  July 5 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-36.  July 6 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-37.  July 7 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-38.  July 8 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-39.  July 9 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-40.  July 10 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-41.  July 11 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-42.  July 12 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-43.  July 13 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-44.  July 14 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-45.  July 15 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-46.  July 16 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-47.  July 17 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-48.  July 18 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-49.  July 19 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-50.  July 20 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-51.  July 21 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-52.  July 22 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-53.  July 23 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-54.  July 24 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-55.  July 25 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-56.  July 26 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

  
Figure M-57.  July 27 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-58.  July 28 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

 v  

Figure M-59.  July 29 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 

 v  

Figure M-60.  July 30 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Figure M-61.  July 31 Alternative D 8-Hour daily maximum ozone plot and Alternative D / Base06c difference plot. 
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Surface and Precipitation Meteorological Stations 
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Table O-1 
Surface Meteorological Stations 

LCC Coordinates a 
Model 

ID 
Surface 

Station ID Location Description State X (km) Y (km) 

Anemometer 
Height 

(meters) 

SS1 724673 Leadville/Lake County CO 192.8028 -56.7624 10 

SS2 724674 Meeker CO 56.92174 31.62788 10 

SS3 724676 Aspen Pitkin County CO 145.321 -57.8002 10 

SS4 724765 Montrose Regional CO 56.70552 -138.549 10 

SS5 725700 Craig-Moffat CO 86.20102 83.75262 10 

SS6 725717 Rifle/Garfield Regional Airport CO 71.60376 -23.7554 10 

SS7 724675 Eagle County Regional Airport CO 140.1282 -9.82363 10 

SS8 724677 Gunnison County CO 140.993 -133.82 10 

SS9 724700 Price/Carbon County UT -188.863 -12.445 10 

SS10 724760 Grand Junction/Walker Field CO 1.47001 -68.4891 10 

SS11 725645 Laramie Regional Airport WY 240.0677 177.8354 10 

SS12 725705 Vernal Airport UT -82.043 76.26711 10 

SS13 725715 Hayden/Yampa CO 113.0115 82.21655 10 

SS14 725775 Evanston / Burns Field WY -208.027 173.1002 10 
a All coordinates are given in the Lambert Conformal Conic (LCC) projection for this project, which is defined with central 
longitude/latitude at (-108.55°, 39.75°) and first and second latitude parallels at 38.65°N and 40.85°N.   
 
 

Table O-2 
Precipitation Stations 

LCC Coordinates a 
Model ID 

Surface 
Station ID Location Description X (km) Y (km) 

PS1 50183 ALLENSPARK 2SE 256.7088 56.1285 

PS2 50263 ANTERO RSVR  229.5102 -79.8582 

PS3 50372 ASPEN 1 SW  148.2995 -61.4818 

PS4 51713 COCHETOPA CREEK  155.6775 -142.756 

PS5 51959 CRESTED BUTTE 135.925 -95.0148 

PS6 52286 DINOSAUR NATL MONUMNT -35.4463 55.58926 

PS7 53488 GRAND JUNCTION WALKER 1.44147 -68.4525 

PS8 53500 GRAND LAKE 6 SSW 228.4626 51.52646 

PS9 53553 GREELEY UNC 326.7092 79.18088 

PS10 53662 GUNNISON 3SW  138.0568 -133.835 

PS11 54877 LAWSON 251.2547 5.96377 

PS12 55484 MEEKER 49.79329 29.76524 

PS13 55881 NEDERLAND 5 NNW  255.9722 35.73841 

PS14 55982 NORTHGATE  186.6794 133.6907 

PS15 56203 OURAY  77.58938 -192.03 

PS16 57031 RIFLE  64.46906 -23.7818 
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Table O-2 
Precipitation Stations 

LCC Coordinates a 
Model ID 

Surface 
Station ID Location Description X (km) Y (km) 

PS17 57296 RUSTIC 9WSW  239.4159 109.2564 

PS18 58064 SUGARLOAF RSVR  188.4258 -53.2061 

PS19 59096 WILLIAMS FORK DAM  200.5261 34.08253 

PS20 420336 ARCHES NP HQS  -92.8992 -125.251 

PS21 421590 COALVILLE 13 E  -218.953 134.5584 

PS22 422385 ECHO DAM  -242.686 138.9892 

PS23 422702 FAIRVIEW 8N  -245.606 3.9294 

PS24 423418 GREEN RIVER AVIATION  -138.618 -83.8652 

PS25 423611 HANKSVILLE -189.359 -151.267 

PS26 425815 MOON LAKE -165.111 92.46276 

PS27 426127 NEOLA 8 N  -128.486 88.0516 

PS28 426374 OAKLEY 3 NE -226.633 112.5656 

PS29 426648 PARK CITY G.C. -250.801 105.9222 

PS30 427026 PRICE BLM  -194.633 -14.1888 

PS31 427729 SCOFIELD-SKYLINE MINE -227.267 -4.03969 

PS32 427959 SOLDIER SUMMIT  -216.479 23.41197 

PS33 483100 EVANSTON 1 E  -201.123 171.0975 

PS34 485420 LARAMIE 2WSW  244.2868 176.0823 

PS35 486555 MTN VIEW  -148.021 171.7135 

PS36 486597 MUD SPRINGS  -30.7081 174.0203 
a All coordinates are given in the Lambert Conformal Conic (LCC) projection for this project, which is defined with central 
longitude/latitude at (-108.55°, 39.75°) and first and second latitude parallels at 38.65°N and 40.85°N.   
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