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M1.  INTRODUCTION  

The far-field air quality impact assessment for the Continental Divide-Creston Final 
Environmental Impact Statement (CD-C FEIS) was performed with the photochemical grid 
model CAMx (Comprehensive Air quality Model with Extensions; ENVIRON, 2010; 
www.camx.com).  The modeling and analyses were completed in early 2014. The modeling 
results were presented to the Inter-Agency Review Team in April, 2014 and were documented 
in the CD-C FEIS and Air Quality Technical Support Document (AQTSD), which was completed in 
June, 2014.     

At the time the CD-C FEIS modeling was performed and documented, the primary and 
secondary National Ambient Air Quality Standards (NAAQS) for 8-hour ozone were set at 75 
ppb.  The primary ozone standard is designed to protect human health and the secondary 
standard is aimed at protecting visibility, animals, crops, vegetation, and buildings1. The 75 ppb 
primary and secondary ozone NAAQS were set in 2008.  Under the Clean Air Act, the EPA is 
required to review the NAAQS periodically. On November 26, 2014, the EPA announced their 
intention to lower the eight-hour ozone primary and secondary NAAQS to values in the 65-70 
ppb range (EPA, 2014).  EPA also sought comments on a primary NAAQS set at 60 ppb as well as 
on leaving the 2008 75 ppb NAAQS in place.  

EPA’s analysis indicated that a secondary 8-hour standard of the same form as the primary 
standard and set in the range 65-70 ppb would provide the same level of protection as a 3-year 
average W126 index value set at or below a range of 13-17 ppm-hours2. The W126 index is a 
seasonal measure of ozone that is used to assess the impact of ozone on ecosystems and 
vegetation. EPA proposed to set the secondary standard in the same form as the primary 
standard, but took comments on a secondary standard in the form of a W126 index in the range 
13-17 ppm-hours, averaged over three years.  

On October 1, 2015, the EPA lowered the primary ozone NAAQS from 75 ppb value to a more 
stringent value of 70 ppb.  As in 2008, the secondary NAAQS was set to be identical to the 
primary NAAQS. The EPA expects to issue detailed guidance on the designation process in early 
2016, but has indicated that attainment designations for the 2015 NAAQS will be based on 
2014-2016 data3. State recommendations for designations of attainment and nonattainment 
areas are due to EPA by October 1, 2016 and EPA will finalize  designations by October 1, 2017. 

The lower 2015 NAAQS enhances the importance of background ozone in contributing to high 
ozone in southwest Wyoming.  In Section M2 of this Appendix, we consider the relative 
importance of contributions from the CD-C Project emissions, regional emissions sources and 
the transported ozone background to 8-hour ozone in the CD-C air quality impact assessment 
study area.   

Although EPA decided not to set a secondary ozone standard in the form of a 3-year average 
W126, we evaluate the CD-C future year ozone modeling results against a W126 index in the 

                                                       
1 www3.epa.gov/ttn/naaqs/criteria.html  
2 http://www.gpo.gov/fdsys/pkg/FR-2014-12-17/pdf/2014-28674.pdf  
3 http://www.gpo.gov/fdsys/pkg/FR-2015-10-26/pdf/2015-26594.pdf 

http://www.camx.com/
http://www.epa.gov/air/criteria.html
http://www.gpo.gov/fdsys/pkg/FR-2014-12-17/pdf/2014-28674.pdf
http://www.gpo.gov/fdsys/pkg/FR-2015-10-26/pdf/2015-26594.pdf
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range 13-17 ppm-hours. The purpose of this analysis, which is presented in Section M3, is to 
evaluate the impact of ozone associated with emissions from the CD-C Project Alternatives on 
ecosystems and vegetation in the CD-C study area. 

M2.  BACKGROUND OZONE ANALYSIS 

Ozone monitored in a given location can be thought of as the sum of ozone formed from local 
emissions of ozone precursors and a transported ozone background from more distant sources 
of emissions.  As the ozone standard becomes more stringent, the role played by transported 
ozone from outside Southwest Wyoming becomes more important as the area can more easily 
be brought to the brink of an ozone exceedance through the effect of transport alone.  In 
addition to U.S. sources of ozone and precursors, sources outside the U.S. (e.g. Asia) may also 
contribute to ozone in Southwest Wyoming.  

The North American Background (NAB) ozone (formerly referred to as the policy-relevant 
background [PRB]) is defined by the EPA to be “the distribution of ozone concentrations that 
would be observed in the U.S. in the absence of anthropogenic (man-made) emissions of 
precursor emissions (e.g., VOC, NOx, and CO) in the U.S., Canada, and Mexico”4, and is 
equivalent to the lowest ozone that could possibly be achieved by air quality management 
efforts within North America. The NAB includes ozone formed from anthropogenic precursors 
emitted outside the U.S., Canada and Mexico.  The NAB also includes ozone formed from 
emissions from natural sources such as wildfires, lightning and biogenics both within and 
outside the U.S., as well as the downward transport of stratospheric ozone.   

For the CD-C air impact analysis, it is important to understand the relative importance of the 
CD-C Project Alternative emissions, the transported ozone background, non-Project 
anthropogenic emissions and emissions from natural sources in contributing to ozone 
exceedance days in Southwest Wyoming at different potential levels of the ozone NAAQS.  For 
the purposes of this analysis, we define a background that includes ozone and precursors that 
are: 

1. Due to natural and anthropogenic sources and transported into the 12/4 km domain 
through the lateral boundaries  (Figure M2-1) 

2. Due to natural and anthropogenic sources and transported through the model’s top 
boundary within the 12/4 km domain 

3. Emitted by wildfires or prescribed burns within the 12/4 km domain 

4. Emitted by biogenic sources within the 12/4 km domain 

We refer to the sum of the contributions to ozone from sources 1-4 as the total background 
(BKGTOT).  Note that BKGTOT is different from the NAB because it includes the contribution 
from anthropogenic emissions sources located outside the 12/4 km modeling domain but 
within the U.S., Canada and Mexico.  BKGTOT is therefore expected to be larger than the NAB 

                                                       
4 http://www.epa.gov/ttn/naaqs/standards/ozone/fr/20080327.pdf  

http://www.epa.gov/ttn/naaqs/standards/ozone/fr/20080327.pdf


APPENDIX M ς SUPPLEMENTAL ANALYSIS OF CD-C FEIS OZONE MODELING TO ADDRESS THE 
2015 REVISION TO THE NAAQS FOR OZONE 

 

Continental Divide-Creston Natural Gas Development Project Final EIS • April 2016 M-4 
 

values described in, for example, McDonald-Buller et al. (2011). Below, we summarize the 
modeling of ozone and precursor emissions for sources that form the background affecting the 
CD-C modeling. 

 

Figure M2-1.  36 km, 12 km, and 4 km modeling domains. 

 

M2.1 STRATOSPHERIC OZONE 

The stratosphere is a layer of air that extends from approximately 10-50 km above the earth’s 
surface.  Ozone concentrations in the stratosphere are far higher than in the troposphere.  Due 
to the absorption of solar radiation by ozone, temperature increases with increasing altitude in 
the stratosphere which gives the stratosphere a strong static stability that inhibits the transport 
of air from the stratosphere to the troposphere.  However, under certain weather conditions, 
ozone-rich air from the stratosphere can intrude into the troposphere and can be mixed down 
to the Earth’s surface.   

Analysis of ambient ozone data and modeled back trajectories (e.g. Lefohn et al., 2012) has 
shown that stratospheric air can influence surface ozone in the western U.S.   One such ozone 
intrusion occurred during the CD-C modeling period and was observed by aircraft and satellite 
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and ambient data during the INTEX-B field study5.  Stratospheric ozone intrusions have been 
observed over the western U.S. during the CalNex Study (Langford et al., 2012) as well as over 
the eastern U.S. during the DISCOVER AQ study6.  

Attempts to model surface ozone impacts of stratospheric ozone intrusions have met with 
mixed success.  Surface ozone impacts of stratospheric ozone intrusions during the spring of 
2006 were underestimated in both global (Zhang et al., 2011) and regional (Emery et al., 2011) 
models. Emery et al. used the CAMx model in a configuration that is similar to that used in the 
CD-C modeling and found that the model simulated enhanced ozone at times and locations 
when ambient data indicated the presence of stratospheric air at the ground in the western 
U.S.; however, CAMx underestimated the observed surface ozone values.   

The CD-C CAMx modeling configuration was similar to the configuration of Emery et al., in that 
it used a zero gradient mixing ratio assumption at the model’s top boundary to characterize 
stratospheric ozone concentrations.  Stratospheric ozone can enter through the model’s top 
boundary when the vertical velocity is downward, but the value of ozone entering the model is 
constrained to be the same that in the top model layer.  This assumption can easily cause an 
underestimation of ozone entering the model as the tropopause in reality is a region of strong 
vertical gradients in ozone.  The CD-C CAMx model has no layer collapsing (see Section 4.2.1.3 
of the AQTSD) and good resolution at the tropopause.  The effects of stratospheric ozone 
intrusion events outside the 12/4 km domain can enter the 12/4 km domain through the 
model’s lateral boundary condition.  The CD-C CAMx model could potentially simulate 
stratospheric ozone intrusion events.  However, given the results of Emery et al. (2011), Zhang 
et al., (2011) and the CD-C modeling configuration, it is likely that the effects of stratospheric 
ozone on surface ozone are underestimated in the CD-C future year modeling.  

M2.2 EMISSIONS FROM NATURAL SOURCES 

Three main emissions sources make the most important natural contributions to the NAB: 
lightning, fires, and biogenic sources.   

NOx is formed in lightning channels as the heat released by the electrical discharge causes the 
conversion of N2 and O2 to NO.  The modeling of lightning and its emissions is an area of active 
research.  For example, the mechanism for the buildup of electric potential within clouds is not 
well understood and modeling the production, transport and fate of emissions from lighting is 
complicated by the fact that the cumulus towers where lightning occurs may be sub-grid scale 
depending on the resolution of the model. Given the importance of lightning NOx in the 
tropospheric NOx budget and in understanding its effect on upper tropospheric ozone and OH, 
lightning NOx is typically incorporated in global modeling (e.g. Emmons et al., 2010), and has 
recently been integrated into some regional modeling studies (e.g. Allen et al. 2012).  Lightning 
emissions were not accounted for in the CD-C regional emission inventory and so ozone 
impacts from this natural source are underestimated in the CD-C air quality impact analysis.   

                                                       
5http://airs.jpl.nasa.gov/documents/science_team_meeting_archive/2007_10/slides/Wicks_AIRSmeeting_200710
10.pdf  
6 http://acmg.seas.harvard.edu/presentations/aqast/jun2014/Day1_AM/1-
Duncan_AQAST_June17_Tues_10am.pdf  

http://airs.jpl.nasa.gov/documents/science_team_meeting_archive/2007_10/slides/Wicks_AIRSmeeting_20071010.pdf
http://airs.jpl.nasa.gov/documents/science_team_meeting_archive/2007_10/slides/Wicks_AIRSmeeting_20071010.pdf
http://acmg.seas.harvard.edu/presentations/aqast/jun2014/Day1_AM/1-Duncan_AQAST_June17_Tues_10am.pdf
http://acmg.seas.harvard.edu/presentations/aqast/jun2014/Day1_AM/1-Duncan_AQAST_June17_Tues_10am.pdf
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Wildfires can emit large quantities of trace gases and aerosols into the atmosphere, and these 
emissions undergo chemical and physical changes as they are transported away from the active 
fire region.   Primary emitted species are depleted as they are deposited and/or chemically 
processed and secondary species such as ozone and secondary organic aerosols form within the 
plume.  Both primary and secondary species can influence air quality at local and regional scales 
and can affect human health (e.g., Jaffe et al., 2008, Hu et al., 2008.)  Ozone and particulates 
formed in wildfire plumes can be transported to populated regions and can influence measured 
concentrations at air quality monitors (e.g. Jaffe and Wigder, 2012). Day-specific wildfire 
emissions were used in the CD-C modeling, as described in AQTSD section 2.3.1.5 and Appendix 
G.  For the 2005 and 2006 calendar years, fire emissions from the National Center for 
Atmospheric Research (NCAR) were used and these emissions were used in the future year 
simulations that included the CD-C Project Area year 2022 emissions and the 2005 and 2006 
meteorology (2022met05 and 2022met06).  The fire emission estimates are derived from 
analysis of fire locations determined by satellite-borne detectors.   

As described in Appendix G, biogenic emissions were modeled using the Model of Emissions of 
Gases and Aerosols from Nature (MEGAN) version 2.03 with modifications made by ENVIRON 
(Guenther et al, 2006; Guenther and Wiedinmyer, 2007).  MEGAN was used to prepare gridded 
hourly biogenic emissions inventories suitable for input to CAMx and incorporates the full range 
of ozone and PM precursor species.  MEGAN accounts for the spatial variability of biogenic 
emissions through the use of high resolution estimates of vegetation type and quantity. 
MEGAN requires as input weather data, Leaf Area Index (LAI), plant functional type (PFT) cover 
and compound-specific emission factors that are based on plant species composition. 

M2.3 TRANSPORT FROM OUTSIDE THE U.S. 

Ozone formed from anthropogenic sources outside the U.S. has been shown to affect the U.S. 
Ozone has a lifetime of on the order of weeks to months in the free troposphere and can be 
transported across the Pacific Ocean and reach the U.S.7 Recent measurements suggest that 
ozone transport from sources outside the U.S. in increasing.  Parrish et al. (2009) measured the 
ozone mixing ratio in the onshore flow of marine air at the North American west coast and at 
higher elevation sites (e.g. Lassen National Park).  Parrish et al. determined that along the U.S. 
west coast, springtime ozone has increased by ~0.5 ppbv/yr, i.e. ~10 ppbv in 20 years.  This 
trend suggests that the NAB may be increasing.   If the background ozone transported into the 
United States increases and the NAB continues to approach the level of the NAAQS, it may be 
increasingly hard for areas affected by intercontinental transport to attain the ozone standard. 

In the CD-C modeling, transport from outside the U.S. is accounted for through the boundary 
conditions (BCs) on the 36 km grid shown in Figure M2-1.  BCs  for the outer lateral edges of the 
36 km continental U.S. modeling domain for the CD-C base case CAMx run were developed 
using the global 3-D chemical transport model GEOS-Chem (Bey et al., 2001).  Future year BCs 
were identical to the base years BCs.  For the 2005 and 2006 modeling years for both the base 
case and the 2022 future year modeling, diurnally varying monthly average BCs from a 2002 
GEOS-Chem simulation were used along the boundaries of the 36 km modeling domain.  BCs for 
the 12 km domain were derived from the results of the 36 km CAMx simulation.  The 12 km and 

                                                       
7 http://www.htap.org/publications/2010_report/2010_Final_Report/HTAP%202010%20Part%20A%20110407.pdf  

http://www.htap.org/publications/2010_report/2010_Final_Report/HTAP%202010%20Part%20A%20110407.pdf
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4 km grids were run in two-way nested mode with the 36 km run used only to supply boundary 
conditions to the 12 km grid (i.e., one-way grid nesting between the 36 km and 12 km 
domains). 

M2.4 CD-C BACKGROUND ANALYSIS 

In this section, we examine the contribution of BKGTOT, the CD-C Project Alternative year 2022 
emissions, and other anthropogenic emissions to the daily maximum 8-hour average (DM8) 
ozone for all grid cells and times during the 2022met05 and 2022met06 CAMx runs when the 
total modeled DM8 ozone ≥ 60 ppb. We also assess the ozone impacts of the CD-C Project 
Alternative emissions when the observed and/or modeled DM8 ozone exceeds the 70 ppb 2015 
NAAQS. 

A photochemical model can be used to determine the relative contributions of source regions 
both near and distant, and can quantify the importance of locally-formed and transported 
ozone in causing high ozone days.  The following analysis addresses the influence of 
anthropogenic sources outside Southwest Wyoming and all natural sources in causing 
exceedances of the 70 ppb NAAQS in the CD-C FEIS modeling.  The ozone source apportionment 
analysis was performed with the CAMx Anthropogenic Precursor Culpability Assessment (APCA) 
tool described in Section 4.4.2 of the CD-C AQTSD.   

The main study area for the analysis is the 4 km modeling domain shown in Figure M1-1.  The 4 
km domain includes the CD-C Project Area and most PSD Class I and sensitive Class II (Class I/II) 
areas for which the far-field air quality and AQRVs assessment was performed.  Although the 
main focus of the analysis is the 4 km grid, the modeling strategy accounts for the fact that 
pollutant concentrations within the 4 km domain may be influenced by transport of pollutants 
and their precursors from outside the 4 km domain.  The nested model grid system was 
designed to account for the effects of transport on determining pollutant concentrations and 
atmospheric background reactivity within the 4 km domain. 

The primary function of the continental-scale 36 km grid domain shown in Figure M1-1 is to 
provide lateral boundary conditions to the 12/4 km nested grids.  This was accomplished by 
running CAMx for the 36 km domain and processing the hourly model output to define 
Boundary Conditions (BCs) for the 12 km domain (i.e., one-way nesting between the 36 km and 
12 km domains).  The 12/4 km CAMx simulation was then run with two-way interactive grid 
nesting where pollutants flow between the 12 km and 4 km grid domains in the simulation. 

Figure M2-2 shows the contribution of the CD-C Proposed Action Alternative year 2022 
emissions to the DM8 ozone at all monitors within the 4 km domain.  Each point represents one 
day at one monitor.  The plot shows all monitors and all days from April 1-October 31 for the 
2022met05 and 2022met06 simulations.  For each Alternative, 2022met05 simulation results 
are shown in left panels and 2022met06 results are shown in right panels.  In this figure, the 
abbreviation MDA8 is used to indicate the daily maximum 8-hour average ozone (referred to as 
DM8 elsewhere in this document). 

Figure M2-2 indicates that in both the 2022met05 and 2022met06 simulations, the CD-C 
Proposed Action and No Action contributions generally diminish with increasing total DM8 
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ozone for DM8 ozone >70 ppb. Using 2005 meteorology in the 2022 future year emissions 
scenario, the CD-C Proposed Action contribution to DM8 ozone is 1.6 ppb or less when DM8 
ozone is > 70 ppb, the level of the 2015 NAAQS.  Modeled ozone was higher using 2006 
meteorology, with the CD-C Proposed Action contribution amounting to 3.4 ppb or less for all 
monitors/days with total DM8 ozone >70 ppb. The No Action Alternative contribution is smaller 
than that of the Proposed Action and is less than 1 ppb for all total DM8 ozone >70 ppb using 
2005 meteorology and less than 1.6 ppb using 2006 meteorology. In both simulations, the CD-C 
Proposed Action and No Action Alternatives have their maximum contribution at total DM8 
ozone values between 65-75 ppb when only values of the total DM8 ozone>60 ppb are 
considered.   

Figure M2-2 indicates that the impacts for the CD-C Project new wells on Federal lands 
(Proposed Action – No Action) are smaller than those of the Proposed Action Alternative, but 
have a similar distribution, with maximum contribution occurring for total DM8 ozone in the 
range 65-73 ppb and with CD-C contribution diminishing with increasing total DM8 ozone for 
DM8 ozone>70 ppb. Impacts for  monitors/days with total DM8 ozone >70 ppb are less than 1 
ppb using 2005 meteorology and less than 1.7 ppb using 2006 meteorology. 

Next, we compare the ozone contribution to grid cells and times with DM8 ozone>60 ppb from 
the CD-C Project Alternative emissions, the transported background (BKGTOT), Reasonably 
Foreseeable Development emissions sources (RFD), and all other anthropogenic sources within 
the 4 km grid (Anthro).  Figure M2-3 shows that the background contribution BKGTOT far 
exceeds the CD-C Proposed Action contribution to the DM8 ozone for all days and grid cells 
with DM8 ozone > 60 ppb.  BKGTOT also exceeds the contribution from the RFD and Anthro 
emissions for all days and grid cells.  The very highest values of the DM8 ozone in both runs are 
driven almost entirely by the BKGTOT contribution.  Figure M2-3 points out the importance of 
the transported background and natural emissions sources in determining ozone levels in 
Southwest Wyoming. 

There are a number of days (especially in the 2022met05 run) in which the Anthro component 
contributes more than 20 ppb and the total DM8 ozone was in the 70-80 ppb range.  These 
days with highest Anthro contribution had a relatively small BKGTOT contribution (~45 ppb).  
This type of event with relatively high Anthro contribution and relatively low BKGTOT 
contribution is consistent with stagnation event typical of summer ozone in an urban area.  The 
Anthro contribution was typically larger than the RFD contribution as well as the CD-C Project 
emissions contribution. 

Next, we use the APCA results to evaluate the effect on surface DM8 ozone of ozone 
transported downward through the model’s top boundary. Figure M2-4 shows the 
contributions to the DM8 ozone from the top boundary condition (TC) for all days and grid cells 
with DM8 ozone>60 ppb within the 4 km modeling domain during the 2022met05 and 
2022met06 simulations.   The contributions from top conditions are generally small (< 3 ppb).  
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Figure M2-2.  Incremental contribution to the DM8 ozone for all days and grid cells within the 
4 km domain with DM8 ozone>60 ppb from:  (upper panels) the CD-C Proposed Action, 
(middle panels) CD-C New Project wells (the difference between the CD-C Proposed Action 
emissions and the CD-C No Action emissions) and (lower panels) the No Action Alternative.  
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Here follows a summary of the scatter plot results:   

¶ CD-C Proposed Action and No Action Alternatives contributions diminish with increasing 
DM8 ozone for total DM8 ozone values higher than ~73 ppb. 

¶ CD-C Proposed Action and No Action Alternatives have their maximum contribution at 
DM8 ozone between 65-75 ppb. 

¶ The BKGTOT contribution far exceeds the CD-C contribution for all days and grid cells > 60 
ppb. 

¶ BKGTOT is the largest contributor to ozone within 4 km domain for all days and grid cells 
with total DM8 ozone> 60 ppb 

¶ Contribution from the model top boundary conditions is small (< 3 ppb). No large 
stratospheric ozone intrusion events affected surface DM8 ozone within the 4 km domain, 
but stratospheric ozone impacts can enter the 12/4 km domain via the lateral boundary 
conditions and can affect surface concentrations. The impact of the stratosphere on 
surface ozone is likely underestimated in the CD-C modeling. 

¶ Days with highest Anthro contribution have the smallest BKGTOT contribution (consistent 
with stagnation event) 

¶ For grid cells and days with DM8 ozone > 60 ppb, the contribution from BKGTOT made the 
largest contribution to the total DM8 ozone, follow by Anthro sources and RFD, with the 
CD-C Project Alternative emissions making a far smaller contribution to the DM8 ozone 
that was always <3 ppb. 
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Figure M2-3.  Contributions to the DM8 ozone from background,  CD-C Proposed Action 
emissions (CDC PRO), RFD  emissions (RFD) and all other anthropogenic sources (Anthro) for 
all days and grid cells within the 4 km domain with DM8 ozone>60 ppb for the 2022met05 
(left panel) and 2022met06 (right panel) simulations.  Red dotted line is the total DM8 ozone 
value shown in the horizontal axis. In this figure, the abbreviation MDA8 is used to indicate 
the daily maximum 8-hour average ozone (referred to as DM8 elsewhere in this document). 

  

  

Figure M2-4.  Contributions to the DM8 ozone from top boundary conditions (TC)) for all days 
and grid cells within the 4 km domain with DM8 ozone>60 ppb for the 2022met05 (left panel) 
and 2022met06 (right panel) simulations.  Red dotted line is the total DM8 ozone value 
shown in the horizontal axis.  In this figure, the abbreviation MDA8 is used to indicate the 
daily maximum 8-hour average ozone (referred to as DM8 elsewhere in this document). 
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M3. W126 ANALYSIS 

In this section, we present an analysis of the W126 index focused on the range 13-17 ppm-
hours for the CD-C future year modeling. We show plots of the W126 index across the 4 km 
modeling domain and calculate the CD-C Project Alternative emissions’ contribution to the 
W126 index throughout the 4 km domain as well as at ozone monitors in Southwest Wyoming 
and northern Utah and Colorado. 

First, we describe the W126 index, which was calculated using hourly values of total modeled 
ozone (i.e. not APCA contributions) for the 2022 future year. We used modeled ozone data for 
each month from April-October, corresponding to the Wyoming ozone and growing seasons, 
for the two meteorological years 2022met05 and 2022met06.  For each year, we started with 
the modeled hourly ozone value for each grid cell, O3i, for each hour (i) within the 12-hour 
period 8 am-8 pm local time, and calculated the W126 value for that hour.  The W126 index 
weights higher values of ozone more heavily than lower values, and is defined: 

ὡρςφ ὕ
ρ

ρ ττπσὩ
 

Next, we added the weighted hourly W126 ozone values for each day to produce a daily total 
W126 value.  Then, we added the daily values for each month to form a monthly total W126 
value for each month.  The monthly values for each 3-month period from April-September were 
then calculated by adding the monthly values for each 3-month period.   

The EPA specifies that the W126 index is formed by taking the highest 3-month sums from each 
of three consecutive years of data.  For the CD-C analysis, we had only two years of model 
output, so we formed an average for the 2022met05 and 2022met06 simulations.  We present 
data from the two individual years, as well, in order to examine differences between the two 
years that contribute to the average W126 calculation.   

We calculated the W126 index for all grid cells within the 4 km domain, and the results are 
shown in Figure M3-1.  The 2022met05 and 2022met06 run W126 index plots show a similarity 
in pattern to the absolute modeled values for these two runs shown in Section 4.5.4.4 of the 
AQTSD.  For the 2022met05 run, relatively high W126 values are shown within and east of Fort 
Collins and over the high terrain of the Uinta Mountains in northeastern Utah.  The W126 index 
is less than 13 ppm-hours for all grid cells within the 4 km domain.  In the vicinity of the CD-C 
Project, the W126 index ranges from 9-12 ppm-hours, which is less than the 13-17 ppm-hour 
range that EPA considered for the 2015 secondary NAAQS. 
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Figure M3-1.  W126 index for the 2022met05 (upper left panel) and 2022met06 (upper right 
panel) simulations and the two year average of 2022met05 and 2022met06 (lower panel). 

Comparison of the upper panels of Figure M3-1 shows that although patterns of high and low 
W126 values in the 4 km domain are similar between the two years, the W126 index is 
generally higher using 2006 meteorology than with 2005 meteorology.  This is consistent with 
the absolute modeling results shown in Section 4.5.4.4 of the AQTSD.  With 2006 meteorology, 
broad areas of the domain (e.g. Fort Collins Area, Uinta Mountains, Bridger-Fitzpatrick 
Wilderness) exceed 13 ppm-hours, while with 2005 meteorology, the entire domain has W126 
index < 13 ppm-hours. In the vicinity of the CD-C Project, the W126 index in the 2022met06 run 
ranges from 10-13 ppm-hours, and for some grid cells exceeds the lower bound of the 13-17 
ppm-hour range EPA considered for the 2015 secondary NAAQS. 

The 2022met05 and 2022met06 W126 values were averaged to approximate the form of the 3-
year average proposed by the EPA (lower panel of Figure M3-1). In the two-year average, the 
W126 index exceeds 13 ppm-hours only in the Fort Collins Area and in the vicinity of Salt Lake 
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City.  In the vicinity of the CD-C Project, the W126 index ranges between 9-12 ppm-hours, and 
would not exceed a W126 secondary NAAQS in the 13-17 ppm-hour range. 

We calculated the W126 index for grid cells in the 4 km modeling domain that contain the 
monitoring sites shown in Figure M3-2.  The results are shown in Table M3-1 and in bar chart 
form in Figure M3-3. 

 
Figure M3-2.  Locations of monitoring sites within the 4 km grid domain used in the W126 
analysis shown in Table M3-1 

The CD-C Project Proposed Action contribution to the W126 index in all grid cells in the 4 km 
domain was determined using the CAMx APCA source apportionment capability.  The APCA 
contribution from the CD-C Proposed Action Alternative was subtracted from the full CAMx 
2022 run output (W126 base, results shown in Figure M3-1). The contribution from the CD-C 
Proposed Action Alternative was obtained by taking the difference: 

W126(CD-C Proposed Action) = W126(Base) – W126(Base - CD-C Proposed Action) 

An analogous procedure was followed to get the contribution from the CD-C No Action 
Alternative and the difference between the Proposed Action and the No Action.  
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Table M3-1.  CD-C Project emission impacts on W126 index for monitoring sites within the 12/4 km modeling domains for the 2022 future year 
simulations using 2005 and 2006 meteorology.   
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Figure M3-4.  Graphical representation of the data in Table M3-1.  CD-C Project Alternative 
impacts on W126 index for monitoring sites within the 12/4 km modeling domains for the 
2022 future year simulations using 2005 and 2006 meteorology.  Top panel: CD-C Proposed 
Action, middle panel: CD-C new wells on Federal lands (Proposed ActionςNo Action), lower 
panel: No Action. 
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For all monitors, the impacts on the W126 index from the CD-C Proposed Action emissions 
were less than 1 ppm-hour.  The largest W126 impacts due to CD-C Project emissions occurred 
at monitors closest to the CD-C Project Area: Wamsutter, Sun Dog and Atlantic Rim.  2-year 
average impacts from the CD-C Proposed Action emissions for these three monitors ranged 
from 0.29-0.66 ppm-hours, which correspond to 2-5% of a W126 index value of 13 ppm-hours.  
Proposed Action emissions impacts at the other monitors were all less than 1% of 13 ppm-
hours.  For the New CD-C wells only (Proposed Action – No Action), 2-year average impacts on 
the W126 index at the three monitors ranged from 0.16-0.37 ppm-hours, which is  1-3% of 13 
ppm-hours.  For the No Action Alternative, 2-year average impacts on the W126 index at the 
three monitors ranged from 0.13-0.31 ppm-hours, which is 1-2% of 13 ppm-hours. 

A spatial map of the CD-C Project Alternatives’ contribution to the W126 value for the 
2022met05 and 2022met06 simulations is shown in Figure M3-5.  W126 index impacts from the 
CD-C Project Alternative emissions are largest within the Project Area and in the region that is 
east (generally downwind) of the Project Area.  For all three Alternatives, the peak W126 values 
are higher using 2006 meteorology than with 2005 meteorology.  The magnitude of the peak 
W126 index is correlated with the number of wells and corresponding emissions for each 
Alternative.  The highest impacts are seen in the Proposed Action (0.89 ppm-hours), followed 
by the increment due to new CD-C wells (Proposed Action – No Action; 0.49 ppm-hours) and 
the No Action (0.41 ppm-hours). CD-C Project Alternative impacts on the W126 index in the 
non-attainment areas in Sublette, Lincoln, and Sweetwater Counties in Wyoming are too small 
to be visible on this scale. 
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CD-C Proposed Action:  2022met05 CD-C Proposed Action:  2022met06 

  

CD-C Proposed ActionςNo Action: 2022met05 CD-C Proposed ActionςNo Action: 2022met06 

  

No Action:  2022met05 No Action:  2022met06 

  

Figure M3-5.  CD-C Project Alternative impacts on the W126 index within the 4 km modeling 
domains for the 2022 future year simulations using 2005 and 2006 meteorology. Top panel: 
CD-C Proposed Action, middle panel: CD-C new wells on Federal land (Proposed ActionςNo 
Action), lower panel: No Action. 
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