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1. INTRODUCTION

On behalf of Ultra Petroleum (Ultra), SWEPI LP (Shell), and QEP Resources (QEP) (collectively
referred to as the “Operators” or “USQ”), SLR International Corporation (SLR) and AECOM
Technical Services, Inc. (AECOM) are submitting this report to the Bureau of Land Management
(BLM) and the Wyoming Department of Environmental Quality (WDEQ), Air Quality Division
(AQD), in consultation with the Environmental Protection Agency (EPA). This report contains the
proposed Ozone Compliance Plan (Plan), which demonstrates that the remaining ozone
mitigation requirements in the 2008 Record of Decision (ROD) for the Pinedale Anticline Oil and
Gas Exploration and Development Project Supplemental Environmental Impact Statement
(SEIS) (BLM 2008a) have been achieved.

11 RECORD OF DECISION

The ROD contains the following requirements for addressing ozone, as described in Section
4.1.2 of BLM (2008a):

To ensure that this project will result in the continued attainment of the Wyoming
Ambient Air Quality Standards (WAAQS), within one year of the signing of this
ROD, and as needed thereafter, BLM, WDEQ-AQD, and the Operators, with
input from EPA, will refine the NOyx and VOC emissions inventory. BLM, in
consultation with WDEQ-AQD and EPA, will ensure that new modeling
conducted and funded by the Operators, includes all WDEQ BACT requirements
and a sensitivity analysis to determine appropriate reductions in ozone precursor
emissions. BLM, WDEQ-AQD, in consultation with EPA and the Operators, will
evaluate the modeling results.

As soon as possible following evaluation of modeling results and if needed, the
BLM and WDEQ-AQD, in consultation with EPA, will use their respective
authorities to implement emission control strategies and/or operating limitations
necessary to ensure compliance with applicable ambient air quality standards for
ozone. Absent an effective technology to implement, reductions in the pace of
development may be utilized to ensure ambient air quality standards are met.

1.2 WINTER VS. SUMMER OZONE

Elevated ozone levels have been monitored in Sublette County during the winter months since
2005. These levels have ultimately led to a nonattainment designation for ozone for Sublette
County and portions of Lincoln and Sweetwater counties. WDEQ, as the agency with air quality
primacy, has led a multi-faceted approach to address the wintertime ozone issues, including
revisions to the Oil and Gas Permitting guidance. The Operators have also implemented a
number of voluntary initiatives to reduce ozone precursor emissions of nitrogen oxides (NOx)
and volatile organic compounds (VOC).
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To date, photochemical grid models (PGMs) have under-predicted the winter-time peak ozone
concentrations at the Sublette County monitors in the Upper Green River Basin (UGRB). The
WDEQ is working on development of a winter ozone model and has conducted multiple winter
monitoring studies to better understand the complexities of winter ozone formation. The WDEQ
has supported excluding wintertime ozone impact analyses untii a PGM has been proven
effective for wintertime ozone modeling since summertime ozone mitigation may not be effective
at reducing wintertime ozone impacts, and vice-versa. The ROD includes an acknowledgment
of WDEQ’s role with respect to model development:

WDEQ-AQD will develop the technical capability to model the formation of ozone
in the Upper Green River Basin.

A letter sent by the BLM to the Pinedale Anticline Operators on May 26, 2011 (BLM 2011)
contained direction that ozone modeling conducted for the ROD would only evaluate the months
of April through December. The WDEQ concurred with this approach (WDEQ 2011).

Consistent with BLM and WDEQ direction, the proposed Plan provides a detailed evaluation of
ozone conditions during the non-winter months of April through December only, which is defined
as “summer” in this document. While the focus of the Plan is on summer for satisfying the
ROD’s ozone modeling requirement, Chapter 2 provides an overview and status update of
winter ozone levels, and the controls and practices implemented by the WDEQ and the
Operators that are aimed at reducing winter ozone levels.

1.3 PURPOSE OF THE OZONE COMPLIANCE PLAN

The purpose of the Plan is to provide an update on winter ozone and to demonstrate, using
existing data sets and information, that the ozone modeling requirements contained in Section
4.1.2 of the ROD (BLM 2008a) have been met. Specifically, the Plan presents information
obtained directly from available modeling studies in the region, which serve as sensitivity
analyses to changes in Sublette County NOyx and VOC emissions simulated in these studies.
The Plan also provides evaluation of available studies and literature indicating that reducing
emissions from oil and gas (O&G) operations would have very little effect on summer ozone
formation in Sublette County. Finally, ambient ozone data collected since the signing of the
ROD shows that the WAAQS has not been exceeded in summer, Sublette County monitored
summer ozone levels would not contribute to an annual exceedance if wintertime measured
levels were included, and there is no increasing trend in the data, concurrent with the
aggressive emission reductions in the Pinedale Anticline Project Area (PAPA).

1.4 DOCUMENT ORGANIZATION

This document is organized into eight chapters. Chapter 2 provides an overview and status
update of winter ozone levels, and the controls and practices implemented by the WDEQ and
the Operators that are aimed at reducing winter ozone levels. Chapter 3 presents an
assessment of regional ozone modeling studies that have been conducted in the region, with a
focus on the ROD’s modeling requirements. Chapter 4 provides a review of available literature
regarding the role of background in the Intermountain Western United States (U.S.). Chapter 5
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provides an assessment of Sublette County and regional summer ambient ozone
concentrations compared to the WAAQS, along with quantitative trend and correlation analyses.
Chapter 6 includes an overview of the ROD’s emission inventory requirement for ozone, how
this requirement has been met, and a summary of USQ’s emission reduction activities that have
taken place since signing of the ROD. Chapter 7 provides a summary of the Plan’s findings and
conclusions. Chapter 8 contains a list of references.
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2. STATUS OF WINTER OZONE

This section presents an overview and status update of winter ozone levels, and the controls
and practices implemented by the WDEQ and the Operators that are aimed at reducing winter
ozone levels.

2.1 WINTER OZONE OVERVIEW

The WDEQ began monitoring ozone in the UGRB of Sublette County in 2005. The Boulder
monitoring station began operation on February 1, 2005 and the Daniel South monitoring station
began operation on July 1, 2005. Elevated 8-hour ozone levels were first measured at the
Boulder station in February 2005. The WDEQ initiated ozone monitoring at other locations
within the URGB, and elevated 8-hour ozone levels greater than the WAAQS of 75 parts per
billion (ppb) were observed in the winter months of February and March in 2006, 2008, and
2011. Winter ozone levels in 2007, 2009, 2010, 2012, 2013 and 2014 were below the 75 ppb
WAAQS.

The WDEQ began intensive winter ozone monitoring studies in 2007 and found that elevated
concentrations were not uniform in the UGRB and the concentrations fluctuated during elevated
days. The combination of stagnant, low wind speed conditions that develop in the UGRB along
with strong temperature inversions and snow cover that enhances the ground surface solar
radiation, or albedo, provides a favorable environment for winter ozone formation (ENVIRON
2010). Prior to these observations, ozone formation during winter had not been observed and
has required extensive research to better understand the phenomena.

2.2 MULTI-FACETED RESPONSE TO ELEVATED OZONE LEVELS

221 WDEQ AMBIENT MONITORING PROGRAMS AND NON-ATTAINMENT
DESIGNATION

The WDEQ has been operating a long-term ozone monitoring network within Sublette County,
consisting of monitors at Boulder, Daniel South, Jonah/Juel Spring, Pinedale, and Big Piney.
The WDEQ has also conducted intensive short-term winter ozone monitoring studies to better
understand the complexities of winter ozone formation in the UGRB. These Upper Green Winter
Ozone Studies (UGWOS) have been conducted each winter (January through March) since
2007.

In response to the measured elevated ozone levels at the long-term monitoring stations, the
WDEQ received from EPA a non-attainment designation on April 30, 2012". The non-attainment
area included all of Sublette County and portions of Lincoln and Sweetwater Counties. The non-
attainment designation status was identified as “marginal”. The marginal non-attainment

! http://www.epa.gov/ozonedesignations/2008standards/final/finaldes.htm.
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designation does not require the WDEQ to develop a State Implementation Plan (SIP) or
conduct future modeling demonstrations to bring the area into attainment.

222 STAKEHOLDER AND PUBLIC OUTREACH IN RESPONSE TO ELEVATED
OZONE OBSERVATIONS

To address the scientific and policy issues associated with elevated winter ozone observations,
beginning in December 2009, the WDEQ established several outreach programs to solicit input
from the public and scientific, agency, and operator stakeholder groups. USQ has actively
participated in these collaborative efforts to understand and address wintertime ozone issues
via the following outreach programs:

o Several Technical Advisory Group (TAG) and subgroup meetings;
e Multi-day Ozone Technical Forum;

e Air Quality Task Force; and

e« Numerous public meetings.

As part of these programs, USQ members have funded monitoring, modeling, and research
studies that pertain directly to winter ozone in the UGRB?.

2.2.3 FORECASTING OF HIGH OZONE EVENTS

The WDEQ conducts weather forecasting to inform the agencies and Operators of potential
conditions that may lead to elevated ozone. These forecasts are made by the WDEQ for the
months of January, February, and March and occur 7 days/week. These forecasts are posted
on WDEQ'’s website and include multi-day outlooks to aide in operational planning in the UGRB.
Action days of projected high ozone events are issued by the WDEQ 24 hours in advance.

Ozone contingency plans mandated by the ROD are implemented by USQ in response to action
day notices issued by the WDEQ. These plans are updated annually to reflect the most current
set of effective short-term emission reductions, and include awareness training for all
contractors and employees. Emission reduction measures include:

e Minimizing idling, carpooling, postponing and/or combining trips;

o Deferring activities (e.g., maintenance, vehicle fueling, construction, etc.);

e Minimizing use of ancillary equipment (light plants, portable generators, etc.);
o Leak detection; and

» Postponing blowdowns and pigging operations.

2 William P.L. Carter, John H. Seinfeld: Winter ozone formation and VOC incremental reactivities in the
Upper Green River Basin of Wyoming, Atmospheric Environment, Volume 50, April 2012, Pages 255-
266, ISSN 1352-2310, http://dx.doi.org/10.1016/j.atmosenv.2011.12.025.
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While no Action days were called in 2013 or 2014, plans were implemented in response to a
2012 action day, and no elevated ozone was monitored.

224 WINTER OZONE MODELING

Prior to and since the non-attainment designation, WDEQ conducted several modeling studies
to understand and characterize winter ozone in the UGRB. These studies included
photochemical box modeling, the development of a conceptual model, meteorological modeling
and photochemical modeling.

Under a marginal non-attainment designation, the WDEQ is not required to conduct future
modeling demonstrations to bring the area into attainment. However, the WDEQ committed the
resources to develop a PGM platform that was intended to simulate the conditions that lead to
elevated winter ozone formation in the UGRB. A PGM is a complex, mathematically-based tool
used for decision making. A PGM simulates ozone formation due to anthropogenic and biogenic
emissions within the airshed and accounts for meteorology and topography within the airshed.
Photochemical grid models are used to predict impacts from emission sources and inform the
agencies of potential control strategies and/or emission reduction strategies that may bring the
area into attainment.

The WDEQ configured and ran two PGMs: 1) the Comprehensive Air-quality Model with
Extensions (CAMx) model, and 2) the Community Multi-scale Air Quality (CMAQ) model. Each
model was optimized to achieve the best possible performance for ozone formation, and each
model was evaluated to identify which model better replicates key ozone formation processes.
The models were run for the months of February and March 2008. The performance of both
models was evaluated against ambient ozone and precursor emission measurements at the
Boulder, Jonah, and Daniel South monitors. Both models under-predicted the ozone levels at all
three monitors, with modeled concentrations generally less than 70 ppb. The models were not
able to replicate the magnitude of the observed ozone peak concentrations (AECOM 2014).
Despite the poor performance of the models, several lessons were learned and communicated
to the stakeholders, as described in AECOM (2014), and the WDEQ is evaluating next steps for
the development of a winter ozone model.

2.25 EMISSION INVENTORY REFINEMENTS AND EMISSION REDUCTION EFFORTS

The WDEQ has initiated the collection of emissions data for use in improving the emission
inventories, with voluntary participation by USQ. This includes a study of produced water tanks
to research and quantify emissions from produced water tanks in the UGRB. Another study is
underway to assess the control effectiveness of combustors and to research and quantify
fugitive emissions.

Figure 2-1 shows USQ’s NOx emission totals, within the PAPA, by source category for the
winter inventory reporting months of February and March. The data are presented for the years
from 2009 through 2013. Figure 2-2 shows the winter VOC emission totals for the same period.
The emissions were obtained from the WDEQ-approved winter emission inventory
spreadsheets.
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Figure 2-1 USQ PAPA-Only Winter Production NOx Emission Totals by Source Category
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Figure

2-2 USQ PAPA-Only Winter Production VOC Emission Totals by Source
Category
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The Operators have continued to work proactively with the WDEQ and BLM on strategies to

reduce

Pinedale_|

ozone precursor emissions. These include:

The installation of liquids gathering systems (LGS), which reduces emissions associated
with tanks and tanker truck trips on local roads;

Implementation of “green completions”, which eliminates almost all venting and flaring
emissions;

The installation of selective catalytic reduction (SCR) controls that reduces NOx
emissions by more than 90 percent from diesel-powered drill rig engines;

Converting engines to run on lower-emission natural gas fuel;
The installation of heat trace pumps controls;
Changing separator controllers to low or no-bleed devices;

Reducing transportation emissions has been implemented by some Operators by
converting their on-road fleets to liquefied natural gas vehicles, bussing of crews to work
sites, and the creation of man camps to reduce commute times;

The implementation of remote well monitoring;
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e Voluntarily controlling grandfathered facilities;

e Increasing operator inspections to reduce fugitive emissions and the use of infrared
camera inspections to detect leaks so that they can be quickly addressed;

e Increased engine maintenance and monitoring; and

e Postponement of well completion activities.

2.2.6 REGULATORY ACTIVITIES

Under the WDEQ’s New Source Review (NSR) program, USQ complies with the most up to
date requirements with every new permit or modified permit, including the State-wide permitting
program for minor and major new and modified sources. This permitting program requires a
Best Available Control Technology (BACT) review for all new permits. Operators are also
required to control emissions in accordance with the WDEQ Chapter 6 Section 2 Oil and Gas
Production Facilities Permitting Guidance (also referred to as Presumptive BACT), most
recently updated in September 2013.

The WDEQ has developed an interim policy, which requires applicants for permits to
demonstrate that, “[tlhe proposed facility will not prevent the attainment or maintenance of any
ambient air quality standard®. Compliance with the interim policy can be demonstrated through
the use of modeling, emission offsets (a 1.5:1 offset ratio for VOC, and a 1.1:1 offset ratio for
NOx), and alternative demonstrations. USQ has complied with this policy by achieving emission
reductions to meet the offset ratio requirements.

The WDEQ has revised the Wyoming Air Quality Standards and Regulations (WAQSR) to
incorporate New Source Performance Standards (NSPS) and National Emission Standards for
Hazardous Air Pollutants (NESHAPSs) related to the O&G industry. The WDEQ has revised the
WAQSR to incorporate an ozone emissions inventory rule as well as general conformity
requirements consistent with federal requirements. The WDEQ is proceeding with development
and implementation of a technology-based rule to reduce emissions from existing upstream and
midstream O&G sources while preserving the current NSR permitting processes.

The latest WDEQ Chapter 6 Section 2 Oil and Gas Production Facilities Permitting Guidance
incorporates leak detection and repair (LDAR) for new and modified sources, and reconciles the
guidance with the new NSPS Subpart OOOOQ requirements for new and modified sources.

Ongoing compliance with the regulations includes two full time WDEQ inspectors dedicated to
the Jonah-Pinedale Development Area (JPAD), one of which is funded by the Operators
through the Pinedale Anticline Mitigation and Monitoring Fund, as well as six full time inspectors
in Lander, dedicated to Sublette, Sweetwater, Teton, and Uinta Counties.

3 Wyoming Air Quality Standards and Regulations (WAQSR) Chapter 6, Section 2(c)(ii).
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Finally, USQ has voluntarily applied for and obtained federally enforceable drill rig permits
issued by the WDEQ that limit the allowable NOx emissions from drill rigs operating in the
Pinedale Anticline.

2.3 CONCLUSIONS

Winter ozone continues to be a concern in the UGRB and is being addressed using a multi-
faceted, collaborative approach between the WDEQ and Operators. USQ is committed to
continuing to:

e Comply with the ROD and WDEQ Presumptive-BACT requirements;
o Pursue practical operational efficiencies;

e Respond to ozone action day notices on forecasted high ozone days by implementing
their respective ozone contingency plans; and

e Work collaboratively with WDEQ on policies to reduce precursor emissions.

With winter ozone concerns being addressed by the actions summarized in this section, the
remaining portions of this Ozone Compliance Plan addresses summer ozone concerns and
compliance with the ROD requirement for ozone modeling.
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3. REVIEW OF AVAILABLE REGIONAL MODELING STUDIES

Three previously conducted PGM studies for the 5-County region were reviewed to assess the
model’'s sensitivity to changes in Sublette County O&G emissions of NO, and VOC. These
consisted of the following studies:

e Pinedale Anticline Draft Supplemental Environmental Impact Statement for the Pinedale
Anticline Oil and Gas Exploration and Development Project (BLM 2007);

e Air Quality Impact Analysis Technical Support Document for the Final Supplemental
Environmental Impact Statement for the Pinedale Anticline Oil and Gas Exploration and
Development Project (BLM 2008b); and

e Final Environmental Impact Statement Continental Divide-Creston Natural Gas
Development Project, Air Quality Technical Support Document (BLM 2014).

A fourth PGM study was reviewed to ascertain source contributions to total model-predicted
impacts associated with 2008 actual emissions in the region:

o Western Regional Air Partnership (WRAP), West-wide Jump-start Air Quality Modeling
Study (ENVIRON et al 2013).

An overview of each study is provided along with a discussion of how the modeling results from
these studies were used to demonstrate that the ROD’s ozone modeling requirement has been
met.

3.1 PINEDALE DRAFT SEIS CALGRID MODELING

This section describes the CALGRID ozone modeling that was conducted for the Pinedale
Anticline Draft Supplemental Environmental Impact Statement (DSEIS) for the Pinedale
Anticline Oil and Gas Exploration and Development Project (DSEIS, BLM 2007).

3.1.1 MODELING PLATFORM

The Pinedale Anticline CALGRID ozone modeling was conducted for inclusion in the DSEIS.
The CALGRID photochemical model was used and included a 36-kilometer (km) horizontal grid
cell modeling domain. The modeling domain extended west to eastern Oregon and Nevada;
south to include northern Arizona and New Mexico; east to include western North Dakota, South
Dakota, Nebraska, and Kansas; and north toward Canada. Boundary conditions were obtained
from the WRAP’s 2002 36-km Base B (‘base02b”) CMAQ model output. These boundary
conditions were used at the top and along the sides of the CALGRID modeling domain.

Chemical transformations were modeled based on the Carbon Bond 4 (CB4) photochemistry
mechanism for ozone formation. There were several VOCs that were speciated in the emissions
preparation and modeled explicitly. Figure 3-1 shows the ozone modeling domain.
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Figure 3-1 36-km Ozone Modeling Domain for the Pinedale DSEIS
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3.1.2 METEOROLOGICAL DATA

The prognostic meteorological inputs were obtained from the WRAP’s 2002 Pennsylvania State
University (PSU)/National Center for Atmospheric Research (NCAR) mesoscale model (MM5)
36-km simulation. The CALMET meteorological processor was used to format the MM5 data
into CALGRID format. CALMET was run in “no observations” mode, which means that surface
meteorological observations were not used to adjust the wind fields beyond what is provided in
the MM5 data. Ten vertical layers were used, with layer interface heights of 20, 40, 80, 160,
300, 600, 1,000, 1,500, 2,200, and 3,000 meters (m) above ground level (AGL).
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3.1.3 MODELED EMISSIONS

The CALGRID modeling did not include a base year simulation or an evaluation of individual
Project alternatives. Rather, a single future year of emissions was modeled with CALGRID,
which consisted of the WRAP 2018 base case (“base18b”) inventory. This inventory is
described by WRAP to represent conditions in future year 2018, which took into consideration
growth and emission controls. The WRAP “base18b” inventory was developed by projecting the
2002 “plan02b” base case actual emissions to year 2018. The WRAP “base18b” inventory did
not include anticipated emission reductions that would result from the regional haze Best
Available Retrofit Technology (BART) controls, but did include “rules on the books” as of
December 2005*.

The WRAP 2018 inventory was reviewed by the BLM’s contractor to determine if the projected
2018 emissions of oil and gas development in Sublette County included the projected
expansions for the Pinedale Anticline Project Area and other large natural gas field projects that
had been analyzed under the National Environmental Policy Act (NEPA) as Reasonably
Foreseeable Development (RFD). Table 3-1 contains the Pinedale Anticline Alternative C,
Phase Il NOx and VOC emissions, plus RFD, compared to the emissions from the WRAP 2018
oil and gas inventory. The BLM’s contractor excluded emissions from large compression
facilities and mobile sources from the WRAP’s 2018 inventory in these comparisons; however,
the emissions were included in the modeling under separate point source and mobile source
inventories.

Table 3-1 Comparison of the WRAP 2018 Emissions Used in the Pinedale DSEIS
CALGRID Modeling Against the Pinedale Preferred Alternative and RFD

NOx (TPY) VOC (TPY)
CATEGORY
Pinedale Alternative C, Phase Il 2,217.9 2,357.2
RFD ' 1,667.0 15,282.8
Pinedale Project + RFD | 3,884.9 17,640.0

WRAP Sublette County 2018 QOil and 32,686.0 103,709.0
Gas Emissions

Difference Between WRAP and | 28,801.1 86,069.0

Project + RFD

Source: BLM (2007), Table 2.1.
' RFD included the Jonah Infill, South Piney, and Riley Ridge projects.

It was concluded by BLM (2007) that the oil and gas emissions contained in the WRAP year
2018 emissions inventory were far greater than the emissions from any of the proposed Project

* PowerPoint presentation, slide #4, found here:
www.swcleanair.org/qgorgedata/\WRAP_2018 BaseCaseEls.ppt.
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alternatives in the Pinedale DSEIS, and was also greater than the combined emissions from the
proposed Pinedale Project alternatives and RFD. Therefore, the WRAP 2018 emissions were
used as-is without adding any Pinedale DSEIS or RFD emissions. This approach provided a
screening estimate of potential ozone formation near the Pinedale Anticline from any of the
Project alternatives and cumulative sources, including RFD.

3.1.3.1 BACT Considerations

During the preparation of the DSEIS in early 2007, the July 28, 2004 version of the WDEQ
Chapter 6 Section 2 Oil and Gas Production Facilities Permitting Guidance was in place. This
guidance is also referred to as WDEQ BACT for upstream O&G operations. As discussed
previously, the DSEIS did not model specific Project alternative emissions, but rather, used the
WRAP 2018 “base18b” inventory directly. Based on publically available information from WRAP,
the “base18b” inventory should have included the requirements in the July 28, 2004 version of
the WDEQ O&G guidance, as part of the “rules on the books” as of December 2005.

Additional emission reduction requirements were instituted in subsequent revisions to the
WDEQ oil and gas permitting guidance, including reductions from various production equipment
(more discussion is provided in Section 3.2.4.1) and a requirement for “green completions.” The
WRAP 2018 “base18b” inventory did not include “green completions” that are now required.

3.14 OZONE MODELING RESULTS

The CALPOST post-processor was used to produce running 8-hour averaged concentrations
from the CALGRID modeling results. The WAAQS for ozone at the time of the Pinedale DSEIS
CALGRID modeling was 0.08 parts per million (ppm), and there were no reported exceedances
based on the WAAQS in effect at that time. There was one grid cell straddling eastern Sublette
and Fremont Counties (near the Bridger Wilderness Area) with a fourth highest 8-hour impact of
75.6 ppb.

Since the CALGRID modeling did not include an evaluation of Project alternatives, it is not
possible to determine the Pinedale Anticline Project's contribution to modeled impacts.
Furthermore, without a comparison to a baseline emission estimate, the results of this modeling
study cannot be used to develop a future trend of projected emissions or impacts on ambient
ozone. However, as discussed previously, the emission levels used in this “screening estimate”
of potential ozone impacts were much higher than any of the Project alternatives plus RFD.

3.2 PINEDALE FINAL SEIS CAMX MODELING

This section describes the CAMx modeling that was reported in the Pinedale Anticline Final
SEIS (FSEIS, BLM 2008b).

3.21 MODELING PLATFORM

The Pinedale Anticline FSEIS ozone modeling utilized the CAMx PGM to predict ozone impacts
from Project sources, as well as cumulative (regional) sources. A base year of 2002 was
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selected due to availability of a comprehensive 2002 emissions inventory and prognostic
meteorological data developed by the WRAP. The WRAP 36-km and 12-km domains were
refined to a 12/4 two-way nested grid domain. Figure 3-2 shows the 36/12/4 km ozone modeling
domains for the Project and cumulative sources. One-way grid nesting was used between the
36- and 12-km grids, and two-way grid nesting was used between the 12- and 4-km grids.

Figure 3-2 36/12/4 km Ozone Modeling Domains for the Pinedale FSEIS
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The following CAMx model options were used:
e Use of the latest Carbon Bond 5 (CB05) chemical mechanism.
e CMC fast chemistry solver.
o PPM advection solver.
e No Plume-in-Grid algorithm.

o CAMx was run in the ozone-only mode, that is, the particulate matter (PM) chemistry
was turned off to speed up the simulations, as there is little feedback from PM to ozone
chemistry.

3.2.2 METEOROLOGICAL DATA

Prognostic meteorological data for 2002 were available from WRAP and used in the ozone
modeling, consistent with the 2002 base case emissions year. The WRAP 36-km and 12-km
domains utilized the MM5 model, whose output was processed using the MM5CAMx
preprocessor for these domains. For the 4-km grid, the CALMET meteorological processor was
used to grid the 12-km wind and temperature fields down to 4 km for layers below approximately
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3,000 m AGL. Note that for layers above 3,000 m AGL and other meteorological variables, the
12-km MMS5 output was interpolated down to 4-km resolution. CALMET was chosen for the 4-
km domain because it was thought to be better at simulating stagnant conditions and handling
4-km terrain effects. CALMET was further enhanced by incorporating surface and upper air
observations. This is a significant difference from the CALMET processing for the CALGRID
modeling previously conducted for the DSEIS.

3.2.3 SUBLETTE COUNTY BASE YEAR EMISSIONS

The WRAP 2002 “base02b” 36-km dataset provided the emissions inputs needed to conduct the
base case simulation. No project-specific emissions from Pinedale Anticline FSEIS sources
were included in the base case analysis. For Sublette County, 5,367 tons per year (tpy) of NOx
and 39,101 tpy of VOC were included in the 2002 base case inventory. Figure 3-3 shows the 5-
County (Sublette, Sweetwater, Lincoln, Uinta, and Carbon) 2002 NOyx emissions for the “WRAP
Area Qil & Gas” source category only. Note that these 5 counties in southwest Wyoming have
increased energy and industrial development and have been the focus of continued emission
inventory development. Figure 3-4 shows the 5-County 2002 NOyx emissions for all source
categories. Figure 3-5 and Figure 3-6 contain similar charts showing total VOC emissions for
the 5-County area.

3.24 FUTURE YEAR EMISSIONS

Two future year emissions scenarios were modeled. These simulations included the base year
2002 emissions plus the Pinedale Anticline Proposed Action Alternative (Alternative B) [referred
to as “Case 1”7 in the Air Quality Technical Support Document (AQTSD), Appendix H] and
Alternative C with Phase 2 Mitigation [referred to as “Case 2” in the AQTSD, Appendix H].

Both Alternatives were developed for future year 2009 in the FSEIS. Both future year
simulations also included future year non-project emissions for RFD, Wyoming Permitted
Source, and Reasonably Foreseeable Future Action (RFFA) cumulative emissions inventories.
These cumulative inventories were used in both future year simulations for the Pinedale FSEIS.
Table 3-2 presents the Pinedale Anticline Case 1 and Case 2 modeled emissions. Table 3-3
shows the cumulative emissions inventory, as estimated from the information in Appendix H of
the AQTSD.

Combining the 2002 base year emissions with the Project and cumulative inventories gives the
total emissions modeled for the two future scenarios. Table 3-4 shows the total future year
emissions modeled for each Project alternative.
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Figure 3-3 WRAP 2002 Base Case ("base02b") NO, Emissions by County for "Area Oil and Gas" Category Only Used in the
Pinedale FSEIS CAMx Modeling

Mitrogen Cxades (gas) Emissions by County
5 400 Wiharming
5,100
4 500
4,500
4I2|:u:| B8 Dust
' [T Fuitive Dust
3,800 B Foad Dust
4,800 [ | Of-Road Mobile
3300 B con-Road Mabile
® 3,000 [Tloti-Shore
< 2700 BRap Area O&G
g 2,400 [ area
2400 [ Biogenic
1 800 [ 20 Fire
1500 - [ Iratural Fire
' B &nthro Fire
1,200 - B Foinit
00 -
GO0 -
300 -
[T m_ﬂq@{jﬂbnn - BazelZh Lincaln - BaselZb Suhblette - Bazel2b Swweetwater - Basel2b Uirta - BazelZh
Source: WRAP Technical Support System (TSS) website, interactive emissions and source apportionment section
(http://vista.cira.colostate.edu/TSS/Results/HazePlanning.aspx).
Pinedale_ROD_0Ozone_Compliance_Plan.docx October 6, 2014

17



Figure 3-4 WRAP 2002 Base Case ("base02b") NOx Emissions by County and Source Category Used in the Pinedale FSEIS CAMx
Modeling
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Figure 3-5 WRAP 2002 Base Case ("base02b") VOC Emissions by County for "Area Oil and Gas" Category Only Used in the
Pinedale FSEIS CAMx Modeling
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Figure 3-6  WRAP 2002 Base Case ("base02b") VOC Emissions by County and Source Category Used in the Pinedale FSEIS
CAMx Modeling
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Table 3-2  Project Emissions Modeled in the Pinedale FSEIS CAMx Future Year
Simulations
Alternative B Alternative C (Phase 2)
Emissions ! (Case 1) (Case 2)
Field Compression
NOx 532.1 421.9
VOC 357.1 320.5
Granger Gas Plant
NOx 301.7 301.7
VOC 140.2 140.2
Drill Rigs
NOx 4390.0 526.4
VOC 393.1 526.4
Fugitives
NOx 668.8 495.7
VOC 1207.8 1927.3
Total
NOx 5892.6 1745.7
VOC 2098.1 2914 .4

' Source: BLM (2008b), Appendix H, Table 1.
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Table 3-3

Modeled Cumulative Emissions in Sublette County in the Pinedale FSEIS
CAMx Future Year Simulations

CATEGORY NOx (TPY) VOC (TPY)
RFD from Pinedale Field 1,443.2 15,053.9
Office Only Projects "
Permitted Sources 56.4 85.7
RFFA 509.9 1150.8
Permitted Wells 272.2 0.0
Total | 2,281.7 16,290.4

Table 3-4

" Some projects included in this category may be outside Sublette County but are within the
Pinedale Field Office’s jurisdiction.

Total Sublette County/Pinedale Project Emissions Modeled in the Pinedale
FSEIS CAMx Future Year Simulations

CATEGORY NOx (TPY) VOC (TPY)
2002 Base Year 5,367.0 39,101.0
Cumulative Emissions 2,281.7 16,290.4
Case 1 Pinedale Project 5,892.6 2,098.1
Emissions

Case 1 Total * | 13,541.3 57,489.5
Case 2 Pinedale Project 1,745.7 29144
Emissions

Case 2 Total * | 9,394.4 58,305.8

Pinedale_ROD_Ozone_Compliance_Plan.docx

" Case 1 total is the sum of the 2002 base year, cumulative, and Case 1 Project emissions.

Case 2 total is the sum of the 2002 base year, cumulative, and Case 2 Project emissions.
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3.2.4.1 BACT Considerations

During the preparation of the FSEIS, the WDEQ Chapter 6 Section 2 Oil and Gas Production
Facilities Permitting Guidance was undergoing revision. The revisions were finalized in August
2007, and in addition to including emission reduction requirements for flashing and dehydration
units (per the July 28, 2004 revision to add specific requirements for the JPAD), the August
2007 revision included presumptive BACT requirements for pneumatic pumps on all new or
modified production facilities. The August 2007 revisions required that pneumatic pump motive
gas discharge lines be tied into fuel gas supply lines or any other gas or liquid collection line that
is ultimately tied into a closed system or emission control system, such as a tank vapor
combustion device. For instances where the motive gas pressure was too low to feasibly tie into
supply lines, those pumps should be replaced with electric, solar operated, or air operated
pumps, or other such devices that would eliminate the emissions.

Due to the timing of the initiation of the CAMx modeling, the August 2007 revisions were not
incorporated into the analysis. However, the August 2007 revisions (and subsequent revisions
to date) have led to additional VOC emission reductions, which are important to consider when
accounting for actual field conditions.

3.25 OZONE MODELING RESULTS

A CAMx model performance evaluation (MPE) for the 2002 base year simulation was
conducted, and included in Appendix H of the AQTSD. The conclusion made in the AQTSD was
that CAMx reproduced the observed ozone to within EPA’s performance goals, although with a
small underestimation bias. The model was deemed reliable enough to perform an assessment
of the potential ozone impacts of the Pinedale Anticline Project and cumulative emissions.

The future year CAMx simulations were conducted following EPA guidance for projecting future
year 8-hour ozone concentrations [future design values (DVFs)] through the use of current
design values (DVCs) and relative response factors (RRFs), with a number of relaxations of
those requirements due to limited data availability. In general, a RRF is the ratio of the future-
year to current-year modeled 8-hour concentrations near a monitoring site. This ratio (or RRF) is
then multiplied by the DVC (actual monitored values) to obtain the projected 8-hour ozone
concentration near that monitor. Ozone projections for areas where there are no monitors are
also made by interpolating the DVCs from surrounding monitors to develop a gridded field of
design values, and applying model-derived RRFs for the area of interest following the same
procedure for a specific monitored area. When discussing model-predicted ozone
concentrations, this approach is referred to as “relative mode.”

Model results were also reported in an “absolute mode” in the AQTSD, which is simply the
incremental change in model-predicted ozone concentrations between the base year and the
future year.

3.25.1 Model Sensitivity Due to Emission Reductions

Using the “absolute mode” approach, the maximum increase in ozone concentrations above the
base year was 14.8 ppb for Case 1 and 5.5 ppb for Case 2. The maximum difference in the
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fourth highest daily maximum ozone concentration between Case 1 and Case 2 was 11.5 ppb.
These increases occurred in the Pinedale/Jonah area, with the maximum difference of 11.5 ppb
occurring near the PAPA. The top panels of Figure 3-7 show the incremental change in ozone
formed within the 4-km domain for the two cases, while the bottom panel shows the difference
in the fourth highest daily maximum ozone concentrations between the two cases. Since the
cumulative emissions are identical between the two cases, the absolute difference in predicted
concentrations is an indication of the model's sensitivity to changes in Project emissions.
Reviewing the differences in total modeled emissions between Case 1 and Case 2 (Table 3-4)
shows the modeled NOx emissions were 4,146.9 tpy (~31% decrease) lower in Case 2
compared to Case 1, while the modeled VOC emissions were 816.3 tpy higher (~1% increase)
in Case 2 compared to Case 1.

3.2.5.2 EPA Relative Mode Modeling Results

Modeling Results in Monitored Areas

Table 3-5 presents the AQTSD future year simulation ozone modeling results for Case 1 and
Case 2 emissions using the EPA guidance, or “relative mode,” approach, along with the DVCs
(i.e., the baseline ambient ozone concentrations for which predicted concentrations are applied).
The results in Table 3-5 are at or near actual monitoring locations.

Table 3-5 Pinedale FSEIS CAMx Relative Mode Modeling Results

C[L)JSSF\;CE;NT FCL'JATSUERllf CASE 2 FUTURE CASE 2 FUTURE

MONITOR SITE DESIGN VALUE | OZONE CHANGE?

VALUE DESIGN VALUE (PPB) (PPB)

(PPB) (PPB)
Jonah 72.5 75.2 73.5 +1.0
Boulder 76.4 78.2 76.5 +0.1
Daniel 70.7 71.4 70.5 -0.2
Wamsutter 67.0 67.3 67.3 +0.3
Pinedale 68.9 69.4 68.8 -01

' The change in impacts is the Future Design Value (DVF) minus the Current Design Value (DVC). Case 2 was
Alternative C, Phase Il (the FSEIS Preferred Alternative).
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Figure 3-7 Pinedale FSEIS Absolute Mode CAMx Results for Cases 1 and 2
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Modeling Results in Unmonitored Areas

Focusing on Case 2, the maximum DVF in the unmonitored area was 75.5 ppb and was
predicted to occur within the PAPA. The Case 2 DVF was 0.5 ppb higher than the 75.0 ppb
DVC calculated for the unmonitored area. Based on these monitored and unmonitored DVFs,
the future year emissions (including cumulative sources) for Case 2 resulted in increases in 8-
hour ozone concentrations ranging from 0.5 to 1.0 ppb over the DVCs calculated for the
modeled time period.

At the time the AQTSD was published, the 8-hour WAAQS was 0.08 ppm. The EPA was in the
process of revising the ozone National Ambient Air Quality Standard (NAAQS) (under the
WDEQ’s rule making process, it adopts the NAAQS as the WAAQS). The CAMx modeling
published in the AQTSD indicated that the predicted 8-hour ozone concentrations would not
exceed 0.08 ppm.

For assessing compliance with the WAAQS due to emissions from a future year operating
scenario, the predicted future ozone concentrations use the EPA “relative mode” approach to
project the current design value (DVC) to a future design value (DVF). The AQTSD does not
specify whether the DVCs occurred in winter or summer. Review of the Boulder ozone
monitoring data from 2005-2007 indicates that the maximum fourth highest 8-hour
concentrations occurred in winter or summer, depending on the year. The highest concentration
in 2005 occurred in winter, whereas the highest concentrations in 2006 and 2007 occurred in
summer. As such, the maximum projected ozone concentrations using the EPA approach may
also be reflective of winter conditions, but this cannot be determined from the information
available. Regardless, the addition of the Pinedale Anticline and cumulative emissions were
predicted to increase the design value by only 0.1 to 0.5 ppb (fourth highest 8-hour
concentration) within the PAPA following the EPA guidance approach.

3.3 CONTINENTAL DIVIDE — CRESTON (CD-C) FINAL EIS

This section describes the CAMx modeling that was reported in the Final Environmental Impact
Statement (FEIS) Continental Divide-Creston (CD-C) Natural Gas Development Project, Air
Quality Technical Support Document (BLM 2014).

3.3.1 MODELING PLATFORM

The CD-C FEIS ozone modeling utilized the CAMx PGM, which included a 2005-2006 base
case (emissions and meteorology) for assessing model performance, and a 2008 emissions
baseline for assessing baseline and future year 2022 impacts. The CAMx modeling domain
included three grids (two nested) within a continental grid domain at 36-km grid resolution that
extended across the continental U.S. (excluding Alaska) and included portions of southern
Canada and northern Mexico. Boundary conditions were developed for the 36-km grid using the
2005-2006 GEOS-Chem model output data. The 12-km nested grid covered all of Wyoming and
substantial portions of each of the neighboring states. The nested 4-km grid covered central and
southwestern Wyoming along with northwestern Colorado and northeastern Utah. The PAPA
and all of Sublette County were within the 4-km nested grid.
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Figure 3-8 shows the 36/12/4 km ozone modeling domains for the Project and cumulative
sources. One-way grid nesting was used between the 36- and 12-km grids, and two-way grid
nesting was used between the 12- and 4-km grids.

The following CAMx model options were used:

e The CB05 chemical mechanism.

e« The Euler Backward lterative chemistry solver.

¢ The PPM advection solver.

o CAMx was used to predict air quality impacts as well as deposition of acidic compounds.

3.3.2 METEOROLOGICAL DATA

The meteorological data used in this study were developed from MM5 simulations for the years
2005 and 2006. The meteorological domains were also based on a 36/12/4-km nested grid
domain structure. The 12-km meteorological domain is offset from the CAMx modeling 12-km
grid, extending westward past the U.S. Pacific coastline. The 4-km nested meteorological grid
coincides with the CAMx modeling grid and extends across most of Wyoming and includes
portions of Colorado and Utah. The vertical resolution in CAMx and MM5 modeling was 34
layers, with no layer collapsing.

For the 2005 MM5 simulations, meteorological data for the 12- and 36-km grids were obtained
from the MM5 output generated for the New Mexico Environment Department (NMED) Giant
Prevention of Significant Deterioration (PSD) increment consumption study (McNally 2007). For
the 2005 4-km domain and for the 2006 36/12/4 km domains, a project-specific MM5 simulation
was conducted. The MM5 configuration for the CD-C 2005 4-km domain, and CD-C 2006
36/12/4 km domains followed the WRAP 2002 MM5 modeling approach (Kemball-Cook, et al.
2004).

3.3.3 SUBLETTE COUNTY BASE YEAR EMISSIONS

3.3.3.1 2005/2006 “Base Case” Emissions

The CD-C analysis included “base case” simulations that included emissions from the 2005 and
2006 base case years, along with the concurrent meteorology for assessing CAMx model
performance. The O&G component of that inventory was based on a linear interpolation
between the regional WRAP 2002 Plan D inventory and the WRAP 2018 Preliminary
Reasonable Progress (PRP) inventory. The WRAP 2018 PRP inventory included anticipated
BART controls that would be in effect in 2018.
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Figure 3-8 36/12/4 km Ozone Modeling Domains for the CD-C FEIS
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The interpolated WRAP emissions for several source categories were replaced with more
detailed information. Specifically, the O&G inventories were developed as described below:

For O&G sources outside the 5-County area in southwest Wyoming (Carbon, Sublette,
Lincoln, Uinta, and Sweetwater), the Phase Il WRAP O&G emissions were used. This
inventory was focused on the visibility precursors NOy, sulfur dioxide (SO,), and PM
emissions, and was known to be deficient in VOC emissions (BLM 2014). The use of this
inventory for sources outside the 5-County area (i.e., areas downwind of Southwest
Wyoming) were not expected by the FEIS contractor to significantly affect ozone
concentrations upwind in Southwest Wyoming.

Carter Lake Consulting and British Petroleum (BP) compiled a detailed emissions
inventory for O&G sources in the 5-County area for 2005 and 2006. Key input operations
data were obtained from field data from the Wyoming Oil and Gas Conservation
Commission (WOGCC), along with WDEQ-provided individual well drilling and
completion emissions for the Pinedale Anticline. Emissions estimates for the 5-County
area were developed for drill rigs, well venting, flashing, fugitives, construction and
production truck traffic, and will site production equipment such as dehydrators, heaters,
and pumps.
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While this effort was focused on the base case emissions used in the CAMx MPE, the additional
2008 inventory for the “baseline” analysis provided a more typical characterization of emissions
from O&G sources in the region, as described below.

3.3.3.2 2008 “Baseline” Emissions

The 2008 baseline emissions data were used in separate CAMx simulations using the 2005 and
2006 calendar year meteorological data. The purpose of this modeling effort was to serve as the
baseline of typical emissions from which future year projections were made and against which
future year project alternative and cumulative emissions impacts were evaluated. A targeted
effort was aimed at capturing the most realistic 2008 emissions data for the various source
categories. Specifically, the 2008 baseline 5-County O&G inventory was developed using
emissions information available from the WDEQ 2008 inventories and from Operator-provided
emissions assumptions. For O&G sources outside the 5-County area, emissions were
developed from the 2008 [a National Emissions Inventory (NEI) reporting year] Wyoming point
source inventory and available WRAP inventories. To be consistent with future year emission
projections, drill rig emissions were annualized in the 2008 baseline inventory to provide an
estimate of typical emissions.

The 2008 baseline emissions from the Pinedale Anticline were not separately provided in the
CD-C FEIS; however, 2008 baseline emissions data were provided for Sublette County. The
2008 baseline emissions of NOx and VOC (excluding methane and ethane) for Sublette County
are provided in Table 3-6. Figure 3-9 shows the 5-County breakdown of the 2008 baseline O&G
NOx emissions, and Figure 3-10 shows the 5-County breakdown of the 2008 baseline O&G
VOC emissions. VOC emissions are presented here instead of total organic gases (TOG),
which includes methane and ethane, for ease of comparison with the VOC inventories modeled
for the other studies presented in this report.

Table 3-6  Sublette County O&G Emissions in the CD-C FEIS 2008 Baseline CAMXx

Simulations
SOURCE CATEGORY? | NOxEMISSIONS VOC EMISSIONS
Compression 1,994 1,129
Production 1,906 28,570
Spud 3,711 540
Total 7,611 30,239

" Source: BLM (2014), Appendix F, Table F12b.
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Figure 3-9 5-County 2008 Baseline O&G NOyx Emissions Used in the CD-C FEIS CAMx
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Figure 3-10 5-County 2008 Baseline O&G VOC Emissions Used in the CD-C FEIS CAMx
Modeling
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3.34 FUTURE YEAR EMISSIONS

Future year emissions were developed for year 2022 in the CD-C FEIS. Wyoming non-O&G,
area, and off-road mobile source emissions used the WRAP 2018 PRP (PRP18b) emissions
inventory without adjustment. As stated in the AQTSD, this approach was used with the
assumption that the effects of emissions from future growth and controls would cancel one
another after 2018. Similarly, the 2008 Wyoming O&G emissions were held constant and used
directly in the 2022 future year modeling, which is stated in the AQTSD as being equivalent to
assuming that the effects of future growth and controls cancel one another. Emissions for RFD
projects within Sublette County were included in the inventory and are provided in Table 3-7,
which includes the Pinedale Anticline.

Since the WRAP 2018 emission inventories were based on future projections of source
emissions that are not yet operating, the RFFA source category was deemed unnecessary for
purposes of the CD-C FEIS because these sources were already included in the WRAP 2018
PRP inventory (BLM 2014). Other regional sources of emissions from non-permitted, permitted,
biogenic, and wildfires were included in the 2022 future year inventory.
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Table 3-7 RFD Emissions Included in the CD-C FEIS Future Year CAMx Simulations

NOx VOC
RFD PROJECT EM:??L?NS EM:??L?NS

LaBarge Platform 676 1,534
NPL 472 310
Bird Canyon 658 641
Pinedale 1,381 2,286
Jonah ? 1,099 2,705
Total 4,286 7,476

' Source: BLM (2014), Table 2-6 (only projects located in Sublette County are shown here).
2 Jonah emissions were held constant at 2008 levels.

Summary tables of total VOC emissions (excluding methane and ethane) on a regional scale
were not provided in the AQTSD for the 2022 future year. Therefore, tables similar to those
generated in Section 3.2 for future year total NOx and VOC are not presented here. However,
review of the 5-County breakdown of emission totals (ENVIRON 2014) indicates a 69 percent
reduction in NOx emissions and a 12 percent reduction in TOG emissions in the 2022 Sublette
County emissions (not including RFD) compared to the 2008 baseline emissions. Note that the
TOG reduction includes VOC, methane, and ethane, and is, therefore, a reasonable surrogate
for assessing the reduction in Sublette County VOC emissions realized in the 2022 future year
modeling.

3.3.4.1 BACT Considerations

The CD-C 2022 future year project sources (8,950 proposed new wells) included the emission
reduction requirements in the March 2010 version of the WDEQ Chapter 6 Section 2 Oil and
Gas Production Facilities Permitting Guidance. Existing wells (those in production by the end of
2008) in the CD-C project area were not assumed to be controlled under the 2010 guidance;
however, it is unclear whether these existing wells’ emissions conformed to the 2007 (and
earlier) WDEQ BACT requirements. The latest version of the WDEQ BACT guidance
(September 2013 revision) was not referenced in the FEIS AQTSD for the CD-C future year
project-related sources.

For the 2022 future year modeling, the Pinedale Anticline’s 2008 baseline emissions, along with
the Pinedale Anticline’s future year emissions (shown as RFD in Table 3-7), were simulated in
CAMXx in the CD-C FEIS.
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3.3.5 OZONE MODELING RESULTS

Detailed CAMx MPEs for 12/4-km domains for the 2005 and 2006 base case year simulations
were conducted, and were included in Appendix A of the AQTSD. The conclusion made in the
AQTSD was that CAMx’s performance was comparable to similar applications used in ozone
regulatory modeling and because it met most of the relevant performance benchmarks, the
model was judged to be suitable for use in the CD-C Project’s air quality impact assessment.

The future year CAMx simulations were conducted following EPA guidance for projecting future
year 8-hour ozone concentrations through the use of design values and RRFs. The EPA
guidance was applied to both monitored areas and unmonitored areas. Model results were also
reported in an “absolute mode” in the AQTSD. The relative mode and absolute mode
approaches were described in Section 3.2.5. Both modes’ results were reported for the 2005
and 2006 meteorological year simulations. As discussed later in this section, CAMx modeling
was conducted for the non-winter months from April 1 through October 31.

3.3.5.1 Model Sensitivity Due to Emissions Reductions

As discussed in Section 3.3.4, modeled NOx and VOC emissions from O&G operations in
Sublette County were lower in the 2022 future year simulations compared to the 2008 baseline
simulations. Interpretation of Figure 4-35 of BLM (2014) showed that the 2005 meteorological
year predicted absolute concentrations of the fourth highest maximum 8-hour ozone
concentrations were either unchanged or decreased up to -2 ppb between the 2008 and 2022
simulations in the PAPA. The 2006 meteorological year absolute fourth highest maximum 8-
hour ozone concentrations ranged from a 1 ppb decrease up to a 2 ppb increase, between the
2008 and 2022 simulations in the PAPA, with large decreases in southern Sublette County [see
Figure 4-37 of BLM (2014)].

Figure 3-11 shows the 2008 baseline (left panel), 2022 future year (middle panel), and 2022-
2008 differences (right panel) of absolute ozone impacts for the average 2005-2006
meteorological year simulation results. Interpretation of Figure 3-11 indicates a general
decrease in the fourth highest maximum 8-hour ozone concentrations in the PAPA, and large
decreases on order of -5 ppb in southern Sublette County.

Use of the 2005-2006 average absolute differences in predicted concentrations is an

approximation of the design value (BLM 2014), and is an indication of the model’s sensitivity to
0O&G emission changes in Sublette County between the 2008 baseline and 2022 future years.

3.3.5.2 EPA Relative Mode Modeling Results

Modeling Results in Monitored Areas

Table 3-8 presents the AQTSD 2022 future year ozone modeling results for the 2005 and 2006
meteorological years using the “relative mode” approach, along with the DVCs (i.e., the baseline
ambient ozone concentrations for which predicted concentrations are applied to). The results in
Table 3-8 are at or near actual monitoring locations in Sublette County. Results are shown for
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the CD-C Proposed Action, which for Sublette County are identical to the CD-C No Action
Alternative.

Figure 3-11 4-km Domain 2005-2006 Average 4™ Highest Daily Maximum 8-Hour Ozone
Concentrations Reported in the CD-C FEIS AQTSD
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Table 3-8 CD-C FEIS CAMx Relative Mode Modeling Results
2005 2006 2005 2006
MONITOR C[L)JSSF\;(E;NT FUTURE FUTURE FUTURE FUTURE
SITE VALUE DESIGN DESIGN OZONE OZONE
(PPB) VALUE VALUE CHANGE CHANGE
(PPB) (PPB) (PPB) (PPB)
Jonah 68.0 66.5 67.3 -1.5 -0.7
Boulder 78.7" 77.2 77.7 -1.5 -1.0
Daniel 68.0 66.9 67.4 -1.1 -0.6
Juel Spring | 64.0 62.7 63.3 -1.3 -0.7
Pinedale 64.7 63.1 64.3 -1.6 -0.4

Source: BLM (2014), Table 4-13.
' The Boulder 2008 DVC includes winter ozone data, which drove the design value during 2005-2010 period used to
determine this value.
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Modeling Results in Unmonitored Areas

The “relative mode” 2022 results for the 2005 meteorological year simulation, provided in Figure
4-28 of BLM (2014), shows DVFs in unmonitored areas to be in the 70-76 ppb range near the
PAPA. The “relative mode” results for the 2006 meteorological year simulation, provided in
Figure 4-31 of BLM (2014), also shows DVFs in unmonitored areas to be in the 70-76 ppb range
near the PAPA. Interpretation of the differences between the 2022 DVFs and 2008 DVCs were
in the 0.1- to 1.0 ppb range for both meteorological years [Figures 4-29 and 4-32 in BLM (2014)]
near the PAPA.

The AQTSD acknowledged that the DVC from the Boulder monitor included winter ozone
concentrations, specifically for year 2008. As such, the maximum projected ozone
concentrations (DVFs) exceeding the 75 ppb WAAQS at the Boulder monitor using the EPA
approach includes the effects of winter conditions when coupling DVCs with non-winter (April 1
through October 31) CAMx modeling results used to develop the RRFs. While the increases in
ozone predictions in unmonitored areas were estimated based on interpretation of the spatial
plots provided in the AQTSD, the DVFs at actual monitoring locations within Sublette County
indicated reductions in future year ozone predictions over the baseline impacts.

It is further noted that some of the emission inventories, particularly for the Pinedale Anticline,
did not account for further future reductions for compliance with the requirements under the New
Source Performance Standards (40 CFR Part 60 Subpart OOOQO) for upstream O&G
operations, which were promulgated after these cumulative source inventories were prepared
for the CD-C air quality modeling analyses. Nevertheless, this rule could require additional
reductions beyond those related to WDEQ BACT requirements [dated March 2010, as
referenced in BLM (2014)], yielding lower emissions of hydrocarbon gases, and thereby
potentially lowering future actual ozone concentrations in the Pinedale area beyond those
analyzed in the CD-C FEIS.

3.4 WESTJUMP AIR QUALITY MODELING STUDY CAMX MODELING

This section describes the WRAP West-wide Jump-start Air Quality Modeling Study (WestJump
or WestJumpAQMS) modeling report that was finalized in September 2013 (ENVIRON et al
2013). While both the CAMx and CMAQ PGMs were used, CAMx was the primary model
summarized in the study because of its source apportionment capabilities.

3.4.1 MODELING PLATFORM

The CAMx PGM was run for non-winter months. The study utilized the 2008 emissions and
Weather Research and Forecasting (WRF) model meteorological data developed for the
WestJump study, which included a 36/12/4 km nested-grid structure. The 36-km domain
covered the continental U.S. while the 12-km domain covered the western half of the U.S. and
extended into southern Canada and northern Mexico. Several 4-km domains were established
that included various sub-domains within the Rocky Mountain region for use in source
apportionment and impact assessment analyses. The CAMx vertical domain structure was
dependent on the WRF vertical layer structure for each domain. WRF was run with 37 vertical
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layer interfaces (36 vertical layers using the CAMx definition of layer thicknesses) from the
surface up to 50 millibars (mb). The WRF 36 vertical layers were collapsed to 25 vertical layers
in CAMx. Two-way nesting between the 36/12/4 km domains was used in the modeling. Figure
3-12 shows the 36/12 km ozone modeling domain for the WestJump study. The 4-km domain
shown in Figure 3-12 is the domain used in the source apportionment analyses of the study (the
Detailed Source Apportionment Domain).

Figure 3-12 36/12/4 km Ozone Modeling Domains for the WestJumpAQMS
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Boundary conditions for the 36-km domain were obtained from the MOZART global chemistry
model. The MOZART output was processed into the CAMx horizontal coordinate system and
vertical layer structure. The MOZART chemical species were mapped to the CB05 chemical
mechanisms used in CAMXx.

3.4.2 METEOROLOGICAL DATA

The WRF meteorological model was used to generate the CAMx meteorological inputs for
calendar year 2008 and the 36/12/4 modeling domains. A WRF MPE was prepared as part of
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the WestJump study. The WRF MPE summary provided in ENVIRON et al (2013) indicated the
surface meteorological performance generally fell within the established benchmarks, with some
degradation in performance noted within the 4-km domain due to complex terrain experienced in
the Rocky Mountain region.

3.4.3 SOUTHWEST WYOMING EMISSIONS

The WestJump study was developed for 2008 as a framework for future air quality efforts. No
future year emission projections were prepared for this study. The primary source of the
emissions was the 2008 NEI, Version 2.0. Several source categories were enhanced with other
data sets, which included electric generating units (EGUs), on-road mobile sources, windblown
dust, fires, biogenic emissions, emissions from Canada and Mexico, projections of the WRAP
Phase Ill 2006 O&G inventories to 2008 (where available), and WDEQ's UGRB detailed
inventory for Sublette County.

The WRAP Phase Ill 2006 O&G inventories were projected to 2008 for several basins that were
available at the time of the WestJump emissions processing. The Southwest Wyoming Basin
O&G emissions, which included the 5-County area, were based on the WRAP Phase lli
inventory. Oil and gas emissions for basins that were not available in the WRAP Phase Il 2006
inventory were based on the 2008 NEI. The WRAP Phase Ill 2006 inventory development for
the Southwest Wyoming Basin included unique WDEQ-provided data sets, including: a highly
detailed permitted emissions database; a specialized inventory developed for the JPAD; and
detailed engine emissions from the WDEQ inventory database. In addition, the 2008 projections
for Wyoming sources accounted for a variety of state regulations impacting emissions from
specific sources (ENVIRON 2013).

The methodology for projecting the WRAP Phase Ill 2006 O&G inventory to 2008 consisted of
two primary steps:

1. Scaling factors were developed from 2008 production statistics data derived using the
Enerdeq database published by IHS Global, and ratios of the 2008 and 2006 production
statistics. These scaling factors were applied to the 2006 surveyed area source and
permitted point source inventories creating the “uncontrolled” 2008 projections for all
sources.

2. Controls originating from state and federal regulations or natural turnover of equipment
were modeled and applied to the uncontrolled 2008 emissions projections to develop the
final 2008 source emissions estimates.

This approach was followed for sources within the Southwest Wyoming Basin, except Sublette
County, which is described later in this section. Table 3-9 provides a listing of “on-the-books”
Federal and State regulatory controls that were applied to the uncontrolled 2008 emissions for
sources outside Sublette County.
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Table 3-9  Regulatory Controls Considered in the WestJump 2008 Emissions Inventory
SOURCE REGULATION ENFORCING | EFFECTIVE IMPLEMENTATION IN THE
CATEGORY AGENCY DATE 2008 EMISSIONS
PROJECTIONS
Drill Rigs Nonroad engine | USEPA Phase in [ None — turnover of drill rig
Tier standards (1- from 1996 - | engines is considered too slow to
4) 2014 be affected by Tier standards.
Workover Rigs Nonroad engine | USEPA Phase in [ None — turnover of drill rig
Tier standards (1- from 1996 - | engines is considered too slow to
4) 2014 be affected by Tier standards.
All New Nonroad | New Source | USEPA Phase in [ Permitted Emissions from WDEQ
Engines Performance beginning databases
Stds. (NSPS) 2006
New or Wyoming BACT | WDEQ Phase in | 2 g/bhp-hr NOx (2007) or 1
Relocated Requirement from 2007 - | g/bhp-hr (2008) requirement for
Stationary 2008 new or relocated engines; BACT
Engines requirements applied to grown
emissions if growth in gas
production is projected
Glycol Wyoming BACT | WDEQ 2007 98%  control  required for
Dehydrators Requirement new/modified tanks meeting
BACT criteria; 98% control
applied to grown emissions if
growth in gas production is
projected
Condensate Wyoming BACT | WDEQ 2007 98%  control required for
Tanks Requirement new/modified tanks  meeting
BACT criteria; 98%  control
applied to grown emissions if
growth in condensate/oil
production is projected
Pneumatic Wyoming BACT | WDEQ 2010 None - effective date of the
Devices Requirement regulation is after 2008
Pneumatic Wyoming BACT | WDEQ 2010 None - effective date of the
Pumps Requirement regulation is after 2008

Source: ENVIRON (2013), Table 7.
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The WestJump 2008 emissions for Sublette County used the WDEQ’s UGRB detailed inventory
directly, rather than projecting the WRAP Phase Il 2006 inventory to 2008. The WDEQ 2008
Sublette County inventory was combined with the WRAP Phase Il projected inventories in the
other counties to develop the Southwest Wyoming Basin 2008 modeled inventory. Table 3-10
and Table 3-11 show the 2008 projected O&G NOx and VOC inventories, respectively, for the 5-
County area of Southwest Wyoming Basin.

Figure 3-13 and Figure 3-14 show the breakdown of the 2008 NOx and VOC emissions by
county.

Table 3-10 WestJump 2008 O&G NO, Emissions by Source Category in the 5-County

Area
COUNTY | COMPRESSOR DRILL HEATERS | DEHYDRATORS OTHER TOTALS
ENGINES RIGS (TPY) (TPY) CATEGORIES (TPY)
(TPY) (TPY) (TPY)

Carbon 2,229 789 604 38 214 3,875
Lincoln 435 275 457 24 115 1,306
Sublette ' 1,506 2,932 812 20 2,488 7,759
Sweetwater | 4,227 765 915 97 396 6,401
Uinta 1,568 59 224 50 686 2,586
Totals 9,965 4,820 3012 229 3,899 21,927

Source: ENVIRON (2013), Table 18. Only the 5-County emissions are shown.
! Emissions in Sublette County are obtained directly from the WDEQ 2008 UGRB inventory. All other counties were
projected to 2008 from the WRAP Phase Ill 2006 inventory.
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Table 3-11 WestJump 2008 O&G VOC Emissions by Source Category in the 5-County Area

COUNTY COMP. PNEUM. | PNEUM. FUG. DEHYS | COND. oL VENTING — VENTING — OTHER TOTALS
ENGINES | DEVICES | PUMPS (TPY) (TPY) TANKS | TANKS INITIAL RECOMPL. | CATEGORIES | (TPY)
(TPY) (TPY) (TPY) (TPY) (TPY) COMPL. (TPY) (TPY)
(TPY)

Carbon 465 3,547 970 5,038 857 3,756 81 162 151 310 15,336
Lincoln 84 2,902 826 4,291 624 6,594 67 54 58 603 16,104
Sublette ' | 860 0 4,153 2,006 3,711 2,431 0 293 0 1,797 15,251
Sweetwater | 596 6,458 1,821 9,526 1,779 6,279 533 329 336 1,076 28,734
Uinta 189 848 241 1,270 1,143 5,683 352 4 3 220 9,954

Totals 2194 13,755 8,011 22,131 8,114 24,743 1033 842 548 4,006 85,379

Source: ENVIRON (2013), Table 19. Only the 5-County emissions are shown.
' Emissions in Sublette County are obtained directly from the WDEQ 2008 UGRB inventory. All other counties were projected to 2008 from the WRAP Phase Ill 2006

inventory.
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Figure 3-13 WestJump 2008 O&G NOyx Emissions by County
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Figure 3-14 WestJump 2008 O&G VOC Emissions by County
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3.4.4 OZONE MODELING RESULTS

A CAMx MPE was conducted and the results were reported for each state. The overall state of
Wyoming MPE results showed low bias (1.3 to 4.8 percent) and error (10.3 and 13.7 percent),
which were stated to be well within the ozone model performance goals.

The modeling results and information provided in Appendix | of ENVIRON et al (2013) were
used to summarize the source contributions to the top-10 modeled impacts at the Jonah,
Boulder, and Daniel ozone monitors. The source contributions were based on the May through
August 2008 CAMXx runs for the Detailed Source Apportionment Domain (DSAD, shown as the
4-km domain in Figure 3-12). The source regions tracked in the DSAD were Wyoming, Utah,
Colorado, New Mexico, Mexico, Canada, and the remainder of the country. Each source region
also had the following source groups tracked: natural emissions, fires, O&G, point sources,
mobile, area sources, and emissions from Canada and Mexico. Boundary condition
contributions were also tracked separately. Table 3-12 provides the emission sources along with
their description and model IDs used in the charts and tables below.

Table 3-12 WestJump Emission Sources, Model IDs, and Descriptions for Source
Apportionment Analyses

Emission Source Model ID Emission Source Description
Natural emissions NAT biogenic, lightening, sea salt, windblown dust
Fires FIRE wild fires, prescribed burns and agricultural burning

Upstream oil and gas | ONGWY upstream oil and gas in Wyoming

Upstream oil and gas | ONG_other | upstream oil and gas in Utah, Colorado, New Mexico and
the remainder of the country

Mobile sources MOB _tot mobile sources in Utah, Colorado, New Mexico and
Wyoming and the remainder of the country

Point sources PT_tot point sources in Utah, Colorado, New Mexico and
Wyoming and the remainder of the country

Area sources AR _tot area sources, ammonia and fugitive dust in Utah,

the country

Boundary conditions BC MOZART output used as boundary conditions for the 36-
km domain

Colorado, New Mexico and Wyoming and the remainder of

Mexico and Canada CAN/MEX MOZART output used as boundary conditions for the 36-
km domain
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Although the top-10 modeled impacts at each ozone site were provided in Appendix | of
ENVIRON et al (2013), only those modeled impacts that fell within the EPA model performance
goals for normalized bias of +15 percent were further analyzed in this report. The information
obtained from ENVIRON et al (2013), Appendix |, for the three ozone sites is provided in Table
3-13 and Table 3-14. Some source categories provided in ENVIRON et al (2013) were
combined to simplify the presentation of the information, and included: area sources, ammonia
and fugitive dust; mobile sources; upstream O&G in states other than Wyoming; and point
sources. The modeled concentrations outside of the EPA bias goal are denoted by the red cells
in the ‘Bias’ column, while those modeled concentrations within the goal are shaded in grey. All
ambient ozone monitoring data were missing for Jonah site for the top 10 modeled days and
were therefore not analyzed. In total, five days met the EPA criteria at Boulder and four days
met the EPA criteria at Daniel; these days are referred to as “events” below.

As shown in Table 3-13 and Table 3-14 for days when the model normalized bias was within the
EPA performance goal, the model-predicted ozone concentrations at Boulder were between 68
ppb (8" highest day) and 72 ppb (2" highest day). The model-predicted ozone concentrations
at Daniel were between 67 ppb (8" highest day) and 68 ppb (6™ highest day). With the
exception of the 1% highest modeled day at each station (79 ppb predicted at both sites, but with
high model bias), subsequent ranked days were below the WAAQS of 75 ppb.

Pie charts of the Boulder events are provided in Figure 3-15 and Figure 3-16 that illustrate the
modeled contributions and relative contributions, respectively, of each emission source group to
the total modeled concentrations. The dominant contributing source at Boulder for each day was
from the boundary conditions. Boundary condition contributions were no lower than 74 percent.
The second largest contributing source was the mobile emissions with a contribution as high as
10 percent on the 3™ highest day. Four emission sources that contributed up to 5 percent were:
natural emissions, Canadian/Mexican emissions, Wyoming O&G, and point sources. The
highest modeled Wyoming O&G concentration at the Boulder monitor was 3.37 ppb on the 3™
highest day; the total modeled concentration at Boulder on this day was 70 ppb. All other
sources contributed less than 5 percent to any given event. Although not fully analyzed due to
model performance outside of the EPA bias goal, the remainder of the events at Boulder had
similar source contributions.

Pie charts of the Daniel events are provided in Figure 3-17 and Figure 3-18. The conclusions
are similar to Boulder with the boundary conditions being the dominant contributing source;
however the mobile sources contributed up to 14 percent. Canadian/Mexican emissions
contributed up to 3 percent while Wyoming O&G contributed up to 2 percent. The highest
modeled Wyoming O&G concentration at the Daniel monitor was 1.11 ppb on the 8" highest
day; the total modeled concentration at Daniel on this day was 67 ppb.
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Table 3-13 WestJump Source Apportionment Modeling Results for the Top 10 Impact Days at the Jonah, Boulder, and Daniel
South Monitors

) Modeled| Observed
Site Site Rank Julian Ozone Ozone |Bias AR_tot BC FIRE MOB_tot| NAT |CAN/MEX|ONGWY | ONG_other | PT_tot
Day (ppb) | (ppb) | (ppb) | (ppb) | (ppb) (ppb) (ppb) (ppb) (ppb)
(ppb) (ppb)
Jonah 560350098 (1 134 77 missing  |n/a 0.31 64.26 0.07 1.90 3.13 6.43 0.67 0.00 0.21
Jonah 560350098 |2 131 70 missing  |n/a 0.23 60.86 0.47 2.15 2.38 3.34 0.39 0.00 0.28
Jonah 560350098 3 164 69 missing  |n/a 0.63 49.11 0.00 5.27 8.82 4.19 0.06 0.11 1.28
Jonah 560350098 |4 124 69 missing n/a 0.70 50.82 0.17 5.72 1.55 2.00 2.55 0.23 5.14
Jonah 560350098 |5 129 68 missing  |n/a 0.63 60.21 0.13 3.08 2.85 0.20 0.25 0.01 0.47
Jonah 560350098 |6 125 67 missing n/a 0.92 53.55 0.07 5.74 1.02 0.65 3.25 0.14 1.98
Jonah 560350098 |7 122 67 missing  |n/a 0.64 60.21 0.07 3.56 1.83 0.31 0.07 0.02 0.58
Jonah 560350098 |8 152 67 missing  |n/a 0.90 53.51 0.08 5.92 2.84 0.31 1.55 0.19 1.56
Jonah 560350098 |9 186 67 missing n/a 0.69 40.33 1.71 14.23 2.61 0.49 0.43 0.17 5.90
Jonah 560350098 |10 165 66 missing  |n/a 0.40 50.96 0.00 4.45 5.99 3.46 0.52 0.02 0.65
Boulder [560350099 |1 134 79 63 26% 0.34 65.94 0.06 1.92 3.34 6.49 0.32 0.00 0.18
Boulder [560350099 2 131 72 63 15% 0.22 62.72 0.47 2.07 2.39 3.57 0.22 0.00 0.26
Boulder |[560350099 |3 125 70 65 8% 0.94 54.15 0.09 6.68 1.29 0.98 3.37 0.18 2.02
Boulder |[560350099 |4 164 70 46 52% 0.61 49.11 0.01 4.75 9.42 4.57 0.16 0.09 0.88
Boulder [560350099 5 129 70 58 19% 0.71 61.25 0.11 3.68 2.66 0.17 0.04 0.07 0.86
Boulder [560350099 6 122 69 61 13% 0.63 61.90 0.07 3.72 1.81 0.36 0.03 0.02 0.62
Boulder [560350099 7 152 69 60 15% 1.10 53.49 0.09 6.50 3.47 0.38 2.20 0.27 1.39
Boulder [560350099 8 124 68 63 8% 0.72 50.65 0.17 5.98 1.65 2.14 3.29 0.28 3.32
Boulder [560350099 9 92 68 58 17% 0.78 58.86 0.01 3.15 0.55 0.28 3.13 0.02 1.18
Boulder [560350099 10 145 68 50 36% 0.98 53.26 0.17 5.87 2.45 0.13 0.50 0.21 4.36
Daniel 560350100 1 134 79 58 35% 0.42 65.80 0.07 2.14 3.65 6.45 0.00 0.00 0.20
Daniel 560350100 2 131 70 58 22% 0.27 60.95 0.49 2.33 2.52 3.46 0.00 0.00 0.29
Daniel 560350100 3 122 70 58 20% 0.66 62.62 0.07 3.77 1.83 0.32 0.02 0.02 0.60
Daniel 560350100 4 164 70 42 65% 0.61 49.45 0.01 4.88 9.37 4.58 0.02 0.09 0.84
Daniel 560350100 5 129 69 55 26% 0.66 60.75 0.12 3.54 2.74 0.20 0.00 0.04 0.79
Daniel 560350100 6 125 68 60 14% 0.90 54.78 0.08 7.18 1.33 0.92 0.34 0.18 2.18
Daniel 560350100 7 110 68 67 2% 1.01 52.96 0.06 9.51 0.32 0.52 0.19 0.06 3.12
Daniel 560350100 8 124 67 61 10% 0.74 51.77 0.14 6.35 1.65 1.82 1.11 0.27 3.50
Daniel 560350100 9 165 67 51 33% 0.45 49.91 0.00 4.90 7.09 3.97 0.02 0.03 0.92
Daniel 560350100 10 121 67 64 5% 0.37 64.43 0.02 1.13 1.02 0.00 0.00 0.01 0.12
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Table 3-14 WestJump Source Apportionment Percent Contributions for the Top 10 Impact Days at the Jonah, Boulder and Daniel
South Monitors

ite ite ko | ulian Mgf:'::d ogszir::d ins ARo_tot 3c FIDRE MOOB_tot N;AT CANO/MEX ONESWY ONGo_other PT:tot
Day (ppb) (ppb) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Jonah  |560350098 |1 134 77 missing _|n/a 0% 8%  |0% 2% 4% 8% 1% 0% 0%
Jonah 560350098 |2 131 70 missing _|n/a 0% 87% 1% 3% 3% 5% 1% 0% 0%
Jonah 560350098 |3 164 69 missing _|n/a 1% 71%  |0% 8% 13% 6% 0% 0% 2%
Jonah  |560350098 |4 124 69 missing _|n/a 1% 74%  |0% 8% 2% 3% 4% 0% 7%
Jonah 560350098 |5 129 68 missing _|n/a 1% 89%  |0% 5% 4% 0% 0% 0% 1%
Jonah  |560350098 |6 125 67 missing_|n/a 1% 80%  |0% 9% 2% 1% 5% 0% 3%
Jonah  |560350098 |7 122 67 missing_|n/a 1% 89%  |0% 5% 3% 0% 0% 0% 1%
Jonah  |560350098 |8 152 67 missing_|n/a 1% 80%  |0% 9% 4% 0% 2% 0% 2%
Jonah  |560350098 |9 186 67 missing_|n/a 1% 61%  |3% 2% |4% 1% 1% 0% 9%
Jonah  |560350098 |10 165 66 missing_|n/a 1% 7% |0% 7% 9% 5% 1% 0% 1%
Boulder |560350099 |1 134 79 63 26%  |0% 84%  |0% 2% 4% 8% 0% 0% 0%
Boulder |560350099 |2 131 72 63 15%  |0% 87% 1% 3% 3% 5% 0% 0% 0%
Boulder |560350099 |3 125 70 65 8% 1% 78%  |0% 0% |2% 1% 5% 0% 3%
Boulder |560350099 |4 164 70 46 52% 1% 7%  |0% 7% 14% 7% 0% 0% 1%
Boulder |560350099 |5 129 70 58 19% 1% 88%  |0% 5% 4% 0% 0% 0% 1%
Boulder |560350099 |6 122 69 61 13% 1% 89%  |0% 5% 3% 1% 0% 0% 1%
Boulder |560350099 |7 152 69 60 15% 2% 78%  |0% 9% 5% 1% 3% 0% 2%
Boulder |560350099 |8 124 68 63 8% 1% 74%  |0% 9% 2% 3% 5% 0% 5%
Boulder |560350099 |9 2 68 58 17% 1% 87%  |0% 5% 1% 0% 5% 0% 2%
Boulder |560350099 |10 145 68 50 36% 1% 78%  |0% 9% 4% 0% 1% 0% 6%
Daniel |560350100 |1 134 79 58 35% 1% 84%  |0% 3% 5% 8% 0% 0% 0%
Daniel |560350100 |2 131 70 58 2% |o% 87% 1% 3% 4% 5% 0% 0% 0%
Daniel |560350100 |3 122 70 58 20% 1% 0%  |0% 5% 3% 0% 0% 0% 1%
Daniel |560350100 |4 164 70 7 65% 1% 7%  |0% 7% 13% 7% 0% 0% 1%
Daniel |560350100 |5 129 69 55 26% 1% 88%  |0% 5% 4% 0% 0% 0% 1%
Daniel |560350100 |6 125 68 60 14% 1% 81%  |0% 1% 2% 1% 1% 0% 3%
Daniel  |560350100 |7 110 68 67 2% 1% 78%  |0% 14%  |0% 1% 0% 0% 5%
Daniel |560350100 |8 124 67 61 10% 1% 7% 0% 9% 2% 3% 2% 0% 5%
Daniel |560350100 |9 165 67 51 33% 1% 74%  |0% 7% 11% 6% 0% 0% 1%
Daniel |560350100 |10 121 67 64 5% 1% %%  |0% 2% 2% 0% 0% 0% 0%
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Figure 3-15 WestJump Source Apportionment Modeling Results (ppb) at the Boulder

Monitor
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Figure 3-16 WestJump Source Apportionment Percent Contributions at the Boulder

Monitor
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Figure 3-17 WestJump Source Apportionment Modeling Results (ppb) at the Daniel

South Monitor
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Figure 3-18 WestJump Source Apportionment Percent Contributions at the Daniel South

Monitor
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4. ROLE OF BACKGROUND IN THE INTERMOUNTAIN WESTERN U.S.

Understanding North American (NA) background is a critical component when assessing ozone
in the Intermountain Western U.S., as identified by the dominance of boundary conditions in the
WestJump modeling results discussed in Section 3.4. A review of readily available literature was
conducted to better understand the role of background ozone concentrations in the
Intermountain Western U.S. Three documents were reviewed:

o EPA’'s “Integrated Science Assessment for Ozone and Related Photochemical
Oxidants” (EPA 2013);

o A journal article published in Atmospheric Environment: “Improved estimate of the
policy-relevant background ozone in the United States using the GEOS-Chem global
model with 1/2° x 2/3° horizontal resolution over North America” (Zhang et al 2011);
and

e A journal article published in Atmospheric Chemistry and Physics: “Sources
contributing to background surface ozone in the US Intermountain West” (Zhang et al
2014).

North American background concentrations [previously referred to as Policy-Relevant
Background (PRB) in Zhang et al (2011)] are defined by the EPA as the surface ozone
concentrations that would be present over the U.S. in the absence of North American (U.S.,
Canada, and Mexico) anthropogenic emissions. Estimates of background concentrations cannot
be determined directly from examining ambient ozone measurements at relatively remote
monitoring sites in the U.S. because of the long-range transport from anthropogenic source
regions within North America (EPA 2013). Therefore, only chemical transport models can be
used to estimate the range of background concentrations.

EPA (2013) references Zhang et al (2011) extensively in their assessment of NA background
concentrations in the Intermountain West. The Intermountain West is defined broadly as the
area between the Sierra Nevada and Cascades to the west, and the Rocky Mountains to the
east. This area includes southwest Wyoming and Sublette County. Zhang et al used the GEOS-
Chem global 3-D model of atmospheric composition to obtain spring, summer, and 3-year
statistics (2006-2008) of background ozone concentrations over the U.S., with a focus on the
Intermountain West. Describing details of the modeling is outside the scope of this document;
therefore, we only present the findings of the Zhang et al study, as summarized in that article
and EPA (2013).

The mean NA background values during the traditional spring-summer ozone season were
estimated to be 40 17 ppb at high altitude locations (i.e., the Intermountain West) with annual
fourth highest values NA background values between 50-60 ppb (Zhang et al 2011). The annual
fourth highest NA background value at the Pinedale CASTNET site was 53.5 ppb, compared to
a value of 68.4 ppb from the baseline simulation with all emissions. Zhang et al (2011) also
found that the NA background is higher than average when ambient ozone exceeds 60 ppb,
particularly in the Intermountain West. This suggests that factors other than human activity
within North America — either natural factors or transport from other continents — contribute to
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the high ambient readings. The annual fourth highest ozone values from the natural background
simulation (no anthropogenic emissions and pre-industrial methane levels) averaged between
34 - 45 ppb in the Intermountain West.

Figure 4-1 shows the annual fourth highest maximum daily 8-hour values of NA background
ozone calculated from GEOS-Chem, averaged over the 3-years of model simulations (2006-
2008). The figure shows that the 3-year averaged annual fourth highest NA background values
in the Intermountain West are typically in the 50-60 ppb range, with the high values over Idaho
due to wildfires (Zhang et al 2011). This finding corroborates the WestJump source contribution
modeling results discussed in Section 3.4, which showed that boundary conditions are the driver
for elevated summer ozone concentrations in the Sublette County area. This finding is also
consistent with the regional ambient ozone monitor correlation analysis that is discussed in
Chapter 5.

The NA background is high in the Intermountain West because of the combination of high
elevation, deep boundary layer mixing, large-scale subsidence, slow ozone deposition to the
arid terrain, and slow ozone chemical loss due to dry conditions (Zhang et al 2011, 2014).
Zhang et al (2014) found a positive correlation between ozone measurements and planetary
boundary layer (PBL) heights in the Intermountain West due to deeper mixing between the
surface and the high ozone in the free troposphere. EPA includes the following possible
additional contributions to the elevated background values: 1) pollution sources outside North
America; and 2) stratospheric ozone exchange (EPA 2013).

Figure 4-1 Annual 4™ Highest Maximum Daily 8-Hour Values of North American
Background Ozone Calculated Using GEOS-Chem Averaged Over the 3-Year
Period 2006-2008

25 30 35 40 45 50 55 60 [ppbv]
Source: Zhang et al (2011), Figure 7.
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5. AMBIENT OZONE DATA EVALUATION

This Chapter presents assessments of ambient ozone concentrations to characterize any trends
in the local data collected in Sublette County, as well as on a regional scale. Correlations were
also established between the Sublette County and regional sites. Figure 5-1 shows the Sublette
County monitor locations along with the PAPA boundary. Figure 5-2 shows the regional
stations, along with the Sublette County stations. The summer months of April through
December were evaluated, consistent with BLM (2011). The data were obtained from EPA’s Air
Quality System (AQS) Data Mart® and consist of the daily maximum 8-hour concentrations.

Several ozone monitors have been in operation in Sublette County since the signing of the ROD
in September 2008. Table 5-1 shows the stations, along with the period of record for each
station evaluated in this Section.

Table 5-2 shows the regional stations within Wyoming and Table 5-3 shows the regional
stations outside of Wyoming (“Non-Wyoming” stations), along with the period of record for each
station evaluated in this Section. The regional sites were chosen based on visual observation of
each site’s location relative to its surrounding environment using AQS’s interactive map, which
contains a Google Earth interface. Sites were chosen that were located in relatively pristine
areas with minimal urban source influences in the immediate area. Several of the sites were
identified by EPA as being “background” sites, which are well-suited for this evaluation.

5.1 SUMMER OZONE CONCENTRATIONS COMPARED TO THE WAAQS

5.1.1 SUBLETTE COUNTY MONITORS

Figure 5-3 shows the maximum daily 8-hour concentrations and Figure 5-4 shows the 4"
highest daily 8-hour concentrations for each station from 2008 through 2013. The highest
maximum 8-hour concentrations for the Pinedale, Daniel South, and Boulder sites occurred in
2010. All stations showed a decrease in maximum concentrations from 2012 to 2013.

The Boulder site’s peak 4™ highest 8-hour concentration occurred in 2010 with generally
declining values from 2010 through 2013. The Daniel South, Pinedale, Big Piney, and Juel
Spring sites showed an increase in 4™ highest concentrations from 2011 to 2012, then a
decrease from 2012 to 2013.

° http://agsdr1.epa.gov/agsweb/agstmp/airdata/download files.htmi#Raw. See “Hourly Data” for criteria
gaseous. Data were obtained on April 30, 2014. Additional data may be available through December 31,
2013; however the inclusion of October through December 2013 data is not expected to change the
analyses presented in this report.
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Figure 5-1 Sublette County Ozone Monitor Locations
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Figure 5-2 Regional Ozone Monitor Locations
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Table 5-1

Sublette County Ozone Monitoring Stations

MONITOR NAME AQS ID START DATE OF PERIOD OF RECORD
OPERATION REVIEWED *
Daniel South 56-035-0100 July 1, 2005 April 1, 2008 —
September 30, 2013
Pinedale Gaseous 56-035-0101 January 1, 2009 April 1, 2009 —
September 30, 2013
Big Piney Site #3 56-035-0700 March 30, 2011 April 1, 2011 —
September 30, 2013
Boulder 56-035-0099 February 1, 2005 April 1, 2008 —
September 30, 2013
Juel Spring 56-035-1002 December 11, 2009 April 1, 2010 —

September 30, 2013

' Sublette County monitors have EPA-processed daily maximum 8-hour concentrations available only through
September 30, 2013. The reviewed period of record excludes the months of January, February, and March per BLM

(2011).
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Table 5-2

Regional Ozone Monitoring Stations within Wyoming

MONITOR NAME AQSID START DATE OF PERIOD OF RECORD
OPERATION REVIEWED *
Grand Teton National | 56-039-0008 August 22, 2011 August 22, 2011 —
Park (NP) December 31, 2013
Yellowstone NP 56-039-1011 July 1, 1996 April 1, 2008 —
December 31, 2013
Wyoming Range 56-035-0097 January 1, 2011 April 1, 2011 —
September 30, 2013
South Pass 56-013-0099 March 12, 2007 April 1, 2008 —
September 30, 2013
Spring Creek 56-013-0232 February 5, 2009 April 1, 2009—
(Encana) September 30, 2013
Murphy Ridge 56-041-0101 January 1, 2007 April 1, 2008 —

September 30, 2013

" Not all monitors have EPA-processed daily maximum 8-hour concentrations available through December 31, 2013.
The period of record excludes the months of January, February, and March per BLM (2011).
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Table 5-3

Regional Ozone Monitoring Stations Outside of Wyoming

MONITOR NAME/ AQSID START DATE OF PERIOD OF RECORD
STATE OPERATION REVIEWED *
Great Basin NP/ 32-033-0101 September 1, 1993 April 1, 2008 —
Nevada December 31, 2013
Washakie/ 49-003-7001 April 1, 2004 April 1, 2008 —
Utah December 31, 2013
Craters of the Moon 16-023-0101 October 1, 1992 April 1, 2008 —
National Monument/ December 31, 2013
Idaho
Sieben Flats/ 30-049-0004 January 1, 2011 April 1, 2011 —
Montana 2 November 30, 2013
Glacier NP/ 30-029-8001 January 1, 1989 April 1, 2008 —
Montana December 31, 2013
Cheeka Peak/ 53-009-0013 May 17, 2006 April 1, 2008 —
Washington October 31, 2013
Lassen Volcanic NP/ 06-089-3003 November 1, 1987 April 1, 2008 —

California

December 31, 2013

" Not all monitors have EPA-processed daily maximum 8-hour concentrations available through December 31, 2013.
The period of record excludes the months of January, February, and March per BLM (2011).

2 Sieben Flats is a NCORE site. Due to the relatively short period of record, and comparable concentrations to
Glacier NP, Sieben Flats is not discussed in this report, but is shown here for completeness.
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Figure 5-3 Maximum Daily 8-Hour Summer Ozone Concentrations for Sublette County
Monitors

Max Summer Daily 8-Hour Ozone Concentrations by Year
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Figure 5-4 4" Highest Daily 8-Hour Summer Ozone Concentrations for Sublette County

Monitors
4th Highest Summer Daily 8-Hour Ozone Concentrations by
Year
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The ozone WAAQS of 75 ppb (0.075 ppm) is defined as the annual 4™ highest daily maximum
8-hour concentration, averaged over 3 years. Table 5-4 shows the calculated running 3-year
averages of the 4™ highest concentrations for each station in Sublette County, while Table 5-5
shows the running 3-year averages calculated from the maximum 8-hour concentrations. Figure
5-5 and Figure 5-6 display the 3-year average values in Table 5-4 and Table 5-5, respectively.
The 3-year averages were calculated from the data collected during the months of April through
December. These data are, therefore, not true design values since the true design values must
include all months of the year. The presentation of the 3-year averages is intended to
approximate the monitored design values for comparison to the WAAQS for the summer months
that were evaluated.

Based on the data reviewed, the maximum summer 8-hour ozone concentrations in Sublette
County have been no higher than the 75 ppb WAAQS level. When taking into account the year-
to-year variability in the maximum values, even the 3-year average maximum concentrations
(shown in Figure 5-6) have been below the WAAQS level. The 4™ highest 8-hour ozone
concentrations at all Sublette County monitors are well below the WAAQS for each year. The
Boulder site had the highest calculated 3-year average, 4" highest concentration of 66 ppb
during the 2010-2012 period.

51.2 WYOMING REGIONAL MONITORS

Figure 5-7 shows the 4™ highest daily 8-hour concentrations for each Wyoming regional station
from 2008 through 2013. The South Pass site exhibits the maximum 4" highest 8-hour
concentrations from 2008 through 2012, with a marked decrease in 2013. The decrease from
2012 to 2013 is present at all sites except the Encana site, with several sites showing their peak
4™ highest 8-hour concentrations in 2012.

Table 5-6 shows the calculated 3-year averages of the 4th highest concentrations for each of
the Wyoming regional stations, while Table 5-7 shows the running 3-year averages calculated
from the maximum 8-hour concentrations. Figure 5-8 and Figure 5-9 display the values in Table
5-6 and Table 5-7, respectively, but only for stations when there were at least two sequential 3-
year periods to display. The 3-year averages were calculated from the data collected during the
months of April through December, and are, therefore, not true design values since the true
design values must include all months of the year.

Exceptional events, as identified in the AQS database, were excluded from the analyses. The
individual year, 4™ highest 8-hour ozone concentrations at all Wyoming regional monitors were
below the 75 ppb WAAQS level. The South Pass site had the highest calculated 3-year
average, 4™ highest concentration of 67 ppb during the 2009-2011 and 2010-2012 periods. The
4™ highest 8-hour ozone concentrations, as well as the calculated 3-year averages, at the
Wyoming regional sites are comparable, if not slightly higher, than the Sublette County monitor
values.
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Table 5-4  Sublette County Calculated 3-Year Average 4" Highest Summer Ozone
Concentrations
3-YEAR gg’tljl_ﬁl_" PINEDALE BIG PINEY BOULDER S\IJD%IIEIL—G
1
PERIOD (PPM) (PPM) (PPM) (PPM) (PPM)
2008-2010 0.062 n/a n/a 0.065 n/a
2009-2011 0.062 0.060 n/a 0.065 n/a
2010-2012 0.064 0.064 n/a 0.066 0.065
2011-2013 0.064 0.063 0.065 0.064 0.065

' The 3-year period does not include the winter months of January, February, and March.

Table 5-5  Sublette County Calculated 3-Year Average Maximum Summer Ozone
Concentrations
3-YEAR IggltlleEll_] PINEDALE BIG PINEY BOULDER S\I]DLIJ?IIEI\IIG
1
PERIOD (PPM) (PPM) (PPM) (PPM) (PPM)
2008-2010 0.067 n/a n/a 0.068 n/a
2009-2011 0.069 0.069 n/a 0.069 n/a
2010-2012 0.072 0.072 n/a 0.072 0.070
2011-2013 0.070 0.069 0.069 0.069 0.069

"The 3-year period does not include the winter months of January, February, and March.
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Figure 5-5 Sublette County Calculated 3-Year Average 4" Highest Summer Ozone
Concentrations
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Figure 5-6 Sublette County Calculated 3-Year Average Maximum Summer Ozone
Concentrations
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Figure 5-7 4" Highest Daily 8-Hour Summer Ozone Concentrations for Wyoming
Regional Monitors

Wyoming Regional Site 4th Highest Summer Daily 8-Hour Ozone
Concentrations by Year
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Wyoming Regional Site Calculated 3-Year Average 4™ Highest Summer

Table 5-6
Ozone Concentrations

3-YEAR YELLOWSTONE SOUTH ENCANA MURPHY
PERIOD * (PPM) PASS (PPM) RIDGE
(PPM) (PPM)
2008-2010 0.065 0.066 n/a 0.063
2009-2011 0.065 0.067 0.062 0.063
2010-2012 0.066 0.067 0.065 0.065
2011-2013 0.065 0.065 0.066 0.065

" The 3-year period does not include the winter months of January, February, and March.

Table 5-7 Wyoming Regional Site Calculated 3-Year Average Maximum Summer Ozone
Concentrations
3-YEAR YELLOWSTONE SOUTH ENCANA MURPHY

PERIOD * (PPM) PASS (PPM) RIDGE

(PPM) (PPM)

2008-2010 0.067 0.071 n/a 0.067

2009-2011 0.067 0.072 0.067 0.068

2010-2012 0.069 0.074 0.071 0.072

2011-2013 0.068 0.072 0.072 0.070

" The 3-year period does not include the winter months of January, February, and March.
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Figure 5-8 Wyoming Regional Site Calculated 3-Year Average 4™ Highest Summer
Ozone Concentrations
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Figure 5-9 Wyoming Regional Site Calculated 3-Year Average Maximum Summer Ozone
Concentrations
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We note that a figure showing the maximum daily 8-hour concentrations is not presented in this
report. The high year-to-year variability in the maximum concentrations was not instructive in
illustrating the changes in ozone concentrations during the selected review period. Instead, the
calculated 3-year averages of the maximum values is provided in Figure 5-9, which illustrates
the variability in the maximum values, in a form that most closely matches the WAAQS.

5.1.3 NON-WYOMING REGIONAL MONITORS

Figure 5-10 shows the 4™ highest daily 8-hour concentrations for each Non-Wyoming regional
station from 2008 through 2013. The Great Basin NP site in eastern Nevada exhibits the highest
of these ozone levels overall, with the largest value of 76 ppb in 2012. All sites showed a
decrease from 2012 to 2013. The sites in ldaho, California, Utah, and Nevada showed an
overall increase in the 4™ highest concentrations from 2009 through 2012 with a decrease from
2012 to 2013. Cheeka Peak in Washington was more variable but showed a general decrease
from 2009 through 2013. Glacier NP in Montana showed either unchanged or decreasing 4"
highest 8-hour concentrations from 2008 through 2013.
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Figure 5-10 4" Highest Daily 8-Hour Summer Ozone Concentrations for Non-Wyoming
Regional Monitors
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Table 5-8 shows the calculated 3-year averages of the 4™ highest concentrations for each of the
Non-Wyoming regional stations, while Table 5-9 shows the running 3-year averages calculated
from the maximum 8-hour concentrations. Figure 5-11 and Figure 5-12 display the values in
Table 5-8 and Table 5-9, respectively. The 3-year averages were calculated from the data
collected during the months of April through December described previously.

Exceptional events, as identified in the AQS database, were excluded from the analyses. The
Great Basin NP site in eastern Nevada had the highest calculated 3-year average, 4™ highest
concentration of 74 ppb during the 2011-2013 period. We note that a figure showing the
maximum daily 8-hour concentrations is not presented in this report. Based on the finding of
high year-to-year variability in the Non-Wyoming regional maximum concentrations, a figure of
maximum values for the Non-Wyoming sites was not prepared. Instead, the calculated 3-year
averages of the maximum values is provided in Figure 5-12, which illustrates the variability in
the maximum values, in a form that most closely matches the WAAQS.
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Table 5-8  Non-Wyoming Regional Site Calculated 3-Year Average 4" Highest Summer
Ozone Concentrations
GREAT CRATERS
3-YEAR BASIN NP WASHAKIE, OF THE GLACIER | CHEEKA LASSEN
PERIOD 1 NV ’ uT MOON NP, MT PEAK, VOLCANIC
(PPM) NM, ID (PPM) WA NP, CA
(PPM) (PPM)
2008-2010 0.070 0.067 0.062 0.056 0.054 0.067
2009-2011 0.070 0.065 0.061 0.055 0.053 0.065
2010-2012 0.072 0.067 0.064 0.055 0.051 0.067
2011-2013 0.074 0.067 0.063 0.055 0.052 0.068

" The 3-year period does not include the winter months of January, February, and March.

Table 5-9  Non-Wyoming Regional Site Calculated 3-Year Average Maximum Summer
Ozone Concentrations
GREAT CRATERS
3-YEAR BASIN NP WASHAKIE, | OF THE GLACIER | CHEEKA LASSEN
PERIOD 1 NV ' uT MOON NP, MT PEAK, VOLCANIC
(PPM) NM, ID (PPM) WA NP, CA
(PPM) (PPM)
2008-2010 0.076 0.073 0.064 0.059 0.057 0.071
2009-2011 0.075 0.071 0.063 0.059 0.056 0.068
2010-2012 0.077 0.073 0.067 0.060 0.056 0.073
2011-2013 0.077 0.072 0.066 0.059 0.057 0.073
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Figure 5-11 Non-Wyoming Regional Site Calculated 3-Year Average 4™ Highest Summer
Ozone Concentrations
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Figure 5-12 Non-Wyoming Regional Site Calculated 3-Year Average Maximum Summer
Ozone Concentrations

Non-Wyoming Regional 3-Year Average Max Concentrations
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514 SUBLETTE COUNTY MONITORS COMPARED TO REGIONAL MONITORS

Figure 5-13 shows the Sublette County and all regional monitoring sites’ calculated 3-year
average 4" highest concentrations, with Sublette County sites denoted by solid lines, Wyoming
regional sites by dashed lines, and Non-Wyoming regional sites by dotted lines. Figure
5-14 shows a similar chart using of the 3-year averages of the maximum concentrations.

The Sublette County monitor's range of 3-year average 4" highest concentrations in Figure
5-13 is from 60 to 66 ppb, as noted in the chart. The Sublette County monitor’s range of 3-year
average maximum concentrations in Figure 5-14 is from 67 to 72 ppb. Yellowstone NP, Murphy
Ridge, and Encana generally fall within the range of the Sublette County monitors. The South
Pass, Great Basin NP (Nevada), Lassen Volcanic NP (California), and Washakie (Utah) sites
overall have higher 3-year average concentrations than the Sublette County averages. Glacier
NP in Montana and Cheeka Peak in Washington had consistently lower 3-year averages.
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Figure 5-13 Calculated 3-Year Average 4™ Highest Ozone Summer Concentrations for All

Monitors
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Figure 5-14 Calculated 3-Year Average Maximum Summer Ozone Concentrations for All
Monitors
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The general variability of the Wyoming regional site 3-year averages are also reflected in the
nearest Non-Wyoming sites at Craters of the Moon National Monument (NM) in south-central
Idaho, and at Washakie on the Utah/Idaho border. The other Non-Wyoming regional site 3-year
averages are somewhat different from the Wyoming regional sites, in both changes over time
and magnitude of the concentrations. The results of a quantitative correlation analysis of
selected regional sites to Sublette County sites are provided later in this Section.

5.2 QUANTITATIVE ANALYSES

521 SUBLETTE COUNTY MONITOR TREND ANALYSIS

For each Sublette County site, linear regression analyses were performed to determine if
statistically significant trends exist in the data. Linear regression is a statistical approach for
determining the relationship between a dependent variable and an independent variable by
determining the line which best fits the series of data points. Specifically, the slope of the line
(upward, flat, or downward) is the indication of the relationship between the two variables. A
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statistical test can then be performed to determine if the slope is statistically significantly
different from zero.

For this analysis, the ozone concentrations were chosen as the dependent variable, and the
year in which the respective ozone concentrations were recorded were chosen as the
independent variable. The regressions, therefore, will test whether there is a statistically
significant trend in the ozone concentrations over time.

The regression analysis produces an estimate of the slope of the line, which signifies the trend
in ozone concentrations as a function of time. However, the distribution of ozone concentrations
over time will be affected by not only any trend that may exist in the data, but also by random
errors in measurement. Therefore, an apparent trend in the data may not be a result of a
physical relationship but an artifact of the random errors. To assess the probability that the trend
indicates a genuine relationship between dependent and independent variables, the statistical
significance is considered.

Formally, the analysis considers the “null hypothesis,” which states that the slope of the line
describing the relationship between the dependent and independent variables is equal to zero.
Put more simply, the null hypothesis presumes that there is no trend. A test statistic (the p-
value) may then be calculated for each case, and the confidence in the statistical significance of
the trend assessed. In principle the confidence level may be chosen, but it is typical to choose
the 95 percent confidence level, which was chosen for this analysis.

If the value of the test statistic meets a certain criteria (which, for the 95 percent confidence test,
is p-value < 0.05), then the null hypothesis is rejected, and the trend between dependent and
independent variables is found to be statistically significant at the indicated confidence level. If
the test statistic does not meet the criteria, then the null hypothesis cannot be rejected, and the
trend cannot be determined to be significantly different from zero.

SLR has regressed the annual median, 4t highest, and maximum ozone concentrations for
Daniel South, Boulder, and Pinedale stations, based on the April through December data from
each year. Figure 5-15 through Figure 5-17 show the yearly median, 4™ highest, and maximum
daily 8-hour ozone concentrations for the Daniel South, Boulder, and Pinedale stations,
respectively. The 75" percentile values are shown in these figures but were not analyzed.
These three stations were chosen because they have the longest periods of data — six years in
the case of Daniel South and Boulder, and five years for Pinedale. For each case, the ozone
concentration representing each of the three quantities above (noted by the top of each column
in Figure 5-15 through Figure 5-17) for each station and year is obtained. These quantities, as a
function of time, are then fitted to linear trends using the regression function in Microsoft Excel.

For the Sublette County stations, none of the trends for the median, fourth-highest, and
maximum daily highest 8-hour ozone concentrations at Boulder and Pinedale were found to be
significant at 95 percent confidence. Therefore, the null hypothesis that the trend in the data is
zero cannot be rejected; i.e., it is presumed that there is no trend in the analyzed data. At Daniel
South, a slight upward trend in the annual median ozone concentrations was found to be
statistically significant, but the trends in the fourth-highest and annual concentrations were not
found to be significantly different from zero.
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Figure 5-15 Annual Median, 4™ Highest, and Maximum Daily 8-Hour Summer Ozone
Concentrations for Daniel South Monitor
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Figure 5-16 Annual Median, 4™ Highest, and Maximum Daily 8-Hour Summer Ozone
Concentrations for Boulder Monitor
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Figure 5-17 Annual Median, 4™ Highest, and Maximum Daily 8-Hour Summer Ozone
Concentrations for Pinedale Monitor
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While for most cases statistically significant trends in ozone concentrations are not obtained, it
must also be recognized that the period over which the analysis is performed is relatively short,
with a maximum of six years of data analyzed. The reviewed period of record was chosen to
analyze the trends in ambient ozone data since the ROD was signed. It is possible that, with a
longer dataset, the analysis would be able to discern more trends that are statistically
significantly distinct from zero. But it is also possible that using additional years would confirm
that no statistically significant trends exist. Given the data which have been analyzed in this
Section, the conclusion which must be reached is that the trends observed in ozone
concentrations are not statistically significant, except for the median values at Daniel South.

522 REGIONAL MONITOR TREND ANALYSIS

Several regional ozone monitors, shown in Figure 5-2, were quantitatively evaluated using the
same regression methodology used for the Sublette County monitors. A correlation analysis
was also conducted to determine whether the changes in ozone concentrations during the
period from 2008 through 2013 were similar between the Sublette County and regional sites.

Regression analyses were performed for several stations in the regional network. Sites within
the state of Wyoming for which five or six years of data were available are: South Pass, Murphy
Ridge, Yellowstone NP, and Encana. The data indicated no statistically significant trends in
either the median, 4™ highest, or maximum daily 8-hour ozone concentrations at South Pass or
Yellowstone NP. At Murphy Ridge an upward trend in the median was significant, but the trends
in the 4™ highest and maximum were not. Upward trends at Encana were significant for the
median and 4th highest, but not the maximum. The overall results are similar to the Sublette
County stations in that most trends were determined not to be statistically significant, especially
for the maximum and 4" highest concentrations.

For regional stations outside of the state of Wyoming, five or six years of data are available for
Washakie (Utah), Great Basin NP (Nevada), Craters of the Moon NM (ldaho), Glacier National
Park (Montana), Cheeka Peak (Washington), and Lassen Volcanic NP (California). Among
these stations, the only statistically significant trends are found in the median values at
Washakie and 4™ highest values at Glacier NP (in both cases, statistically significant downward
trends were observed).
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Similar to the discussion for the Sublette County trend analysis, it is possible that, with a longer
dataset, the analysis would be able to discern more trends that are statistically significantly
distinct from zero. But it is also possible that using additional years would confirm that no
statistically significant trends exist. Given the data which have been analyzed in this Section, the
conclusion which must be reached is that the trends observed in ozone concentrations are not
statistically significant in most cases.

523 CORRELATION ANALYSIS BETWEEN REGIONAL AND SUBLETTE COUNTY
SITES

A correlation analysis was performed for data collected from several Sublette County and
regional sites in order to assess with statistical confidence whether the changes observed
among the stations are similar.

The correlation coefficient of two data series expresses the degree to which variations in one
set of data are replicated in the other. The value of the coefficient ranges from -1 to 1. A
correlation coefficient of 1 indicates perfect correlation, and a change in one dataset is always
met with a like-for-like change in the other dataset. A correlation of -1 indicates perfect anti-
correlation, with a change in one dataset always being met with a change in the other that is
like-for-like in relative magnitude, but reversed in direction. A correlation of zero indicates no
correlation, and that changes in the two datasets occur at random with respect to each other.

The correlation coefficients are tested for statistical significance to determine whether the null
hypothesis, that the two data sets are not correlated, may be rejected. This may be done by
calculating the t-statistic for each case and comparing to the critical value of the t-statistic.
Alternatively, one may determine the value of the correlation coefficient that produces the critical
t-statistic. If the correlation coefficient is larger than the correlation coefficient needed to produce
the critical t-statistic, then the null hypothesis may be rejected and the correlation is found to be
significant with statistical confidence. As with the regression analyses, the 95 percent
confidence level is chosen.

The Daniel South, Boulder, and Pinedale stations were selected for Sublette County sites since
they have the longest periods of data are available. For regional stations, Cheeka Peak, Glacier
NP, Yellowstone NP, South Pass, and Murphy Ridge were selected. Cheeka Peak and Glacier
NP feature the lowest ozone concentrations of all the regional stations, and Cheeka Peak is
also the regional station that is the furthest removed from the Pinedale area. The Yellowstone
NP, South Pass, and Murphy Ridge sites provide a comparison to regional stations that are
within Wyoming and relatively close to the Pinedale area.

In order to assess whether any statistically significant correlations exist between the stations’
monthly maximum 8-hour values, each station’s multi-year monthly average 8-hour value was
subtracted from the monthly-maximum values for that month. The purpose of this was to
remove the expected seasonality component from the data, which could lead to the false
conclusion of a statistically significant correlation when the correlation was in fact due to
seasonal effects that are common to all stations throughout the year. As stated previously, only
April through December data were used. If one of the stations was missing all data from a
particular month, that month was excluded as well. The correlation coefficient of the
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“deseasonalized” monthly maxima at a Sublette County station to the “deseasonalized” monthly
maxima at a regional station is then computed. A directional, rather than non-directional,
significance test is then assessed since we are interested in whether the correlation coefficient
exceeds a certain positive value rather than an absolute value (positive or negative).

For the 15 pairs of monitor comparisons, at least 36 months were considered for each pair. For
a directional test using a sample size of 36, a correlation of 0.28 is significant at 95 percent
confidence. For some monitor pairs, there were up to 50 months of data available, for which a
correlation of 0.23 was used to determine significance. The value of the critical correlation
coefficient for a given confidence level decreases as the sample size increases, so for larger
sample sizes that correlation coefficient is also necessarily significant at 95 percent confidence.

The correlation coefficients obtained for each of the 15 comparisons are shown in Table 5-10.
For each of the Sublette County-Wyoming regional site cases, the correlation coefficient is
larger than the critical value of 0.28 (or 0.23 as applicable), so the null hypothesis may be
rejected and the correlations are statistically significant with 95 percent confidence at all sites.
For the Sublette County-Non-Wyoming regional site cases, the correlation coefficient is smaller
than the critical value, indicating that statistically significant correlations cannot be established
for these sites.

Glacier NP in Montana and Cheeka Peak in Washington were chosen for the correlation
analysis based on their distance from Sublette County, and also because these stations had low
ozone concentrations compared to the other Non-Wyoming regional sites. The lack of
statistically significant, “deseasonalized” summer correlations between the three Sublette
County stations and these two Non-Wyoming stations could be due to several differentiating
factors compared to local conditions, including: meteorological conditions; upwind sources of
emissions (natural and anthropogenic); local biogenic emissions; and maritime effects (at
Cheeka Peak).

All summer correlations between the three Sublette County and three Wyoming regional
stations chosen were found to be statistically significant at a 95 percent confidence level. The
significant correlations of the Sublette County sites to the Wyoming regional sites suggest that
regional conditions and large-scale events are important drivers of the maximum ozone
concentrations in the Pinedale area, and the changes observed in Pinedale area ozone
concentrations are similar to those at regional stations in Western Wyoming. This is consistent
with the findings from Zhang et al (2011 and 2014) presented in Chapter 4, regarding North
American background in the Intermountain West.
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Table 5-10 Sublette County and Regional Ozone Correlations

STATIONS COMPARED CORRELATION SIGNIFICANT
COEFFICIENT CORRELATION?

Daniel South-Cheeka Peak, WA 0.13 No

Daniel South-Glacier NP, MT 0.19 No

Daniel South-Yellowstone NP, WY 0.39 Yes

Daniel South-South Pass, WY 0.61 Yes

Daniel South-Murphy Ridge, WY 0.72 Yes
Boulder-Cheeka Peak, WA 0.08 No
Boulder-Glacier NP, MT 0.11 No
Boulder-Yellowstone NP, WY 0.39 Yes
Boulder-South Pass, WY 0.55 Yes
Boulder-Murphy Ridge, WY 0.41 Yes
Pinedale-Cheeka Peak, WA 0.03 No
Pinedale-Glacier NP, MT 0.05 No
Pinedale-Yellowstone NP, WY 0.53 Yes
Pinedale-South Pass, WY 0.64 Yes
Pinedale-Murphy Ridge WY 0.56 Yes
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6. SUBLETTE COUNTY ACTUAL EMISSION SUMMARIES

This section provides an overview of the ROD’s inventory requirement for ozone, and a
summary of USQ emission reduction activities that have taken place since signing of the ROD
in September 2008. Also presented are actual NOx and VOC emissions from O&G production
operations for all of Sublette County, as well as USQ’s actual emissions within the PAPA. The
inventory years reviewed were from 2008 through 2012. The emissions for 2008 through 2012
were obtained from WDEQ's website or provided by the WDEQ through a public records
request (WDEQ 2013, 2014).

6.1 ROD EMISSION INVENTORY REFINEMENTS

Section 4.1.2 of the ROD (BLM 2008a) states that the BLM, WDEQ, and the Operators, with
input from EPA, will refine the NOx and VOC emissions inventory. Since the signing of the ROD
in September 2008, the WDEQ has implemented a number of revisions to their annual Operator
inventories within the 5-County area. The 5-County inventory has since been updated and
incorporated into regional modeling studies, including the CD-C DEIS modeling summarized in
Chapter 2.

6.2 USQ EMISSION REDUCTION ACTIVITIES

Section 4.1.2 of the ROD, (BLM 2008a) included several potential mitigation measures.
Emission reduction efforts have been, or will be, implemented by USQ resulting in actual
emission decreases that have surpassed the measures that were included in the ROD. These
efforts include:

o Newer/lower emission engines;

e Installation of SCR NOx controls on 100 percent of diesel drill rig engines;

o Electrification of natural gas engines;

¢ Installation of low/no bleed pneumatic control devices on equipment;

» Voluntarily controlling emissions at grandfathered locations;

o Infrared camera inspections to detect leaks so that they can be quickly addressed;

e Installation of a liquids gathering system, which reduces emissions associated with
storage tanks, liquids loading, truck traffic, and fugitive emissions;

e A commitment from USQ to reduce their completion NOx emissions by 10 percent, in
accordance with the ROD visibility Milestone #3 modeling effort;

e Conversion of on-road vehicles to natural gas; and

» More efficient drilling technology, with wells drilled in fewer days using better, low-
emission engines.
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6.2.1 USQ DRILLING EFFICIENCIES AND EMISSION REDUCTIONS

While drilling activity has decreased since 2008, drilling efficiencies have greatly increased. In
2007, USQ were drilling an average of 8.5 wells per rig. Since then, efficiencies have increased
by 250 percent with a single rig now drilling 20 to 24 wells per year. With the installation of SCR
NOyx controls on drill rig engines, emissions have been reduced by more than 90 percent. As a
result, potential future increases in the rate of well development can be accomplished with fewer
rigs than would have previously been required. Should the rate of development increase to 2008
levels the use of fewer rigs, equipped with SCR controls, will ensure that NOx emissions will not
approach the historical 2008 emissions levels.

Figure 6-1 shows a chart of the historical number of drill rigs in the PAPA (red line) and the wells
drilled per rig (dashed blue line), along with a projection of the number of drill rigs through 2015
(green line).

Figure 6-1 USQ Historical Drill Rig Activity and Future Drilling Projections
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6.3 SUBLETTE COUNTY ACTUAL EMISSIONS

Figure 6-2 shows the Sublette County annual NOyx emission totals by source category for the
period from 2008 through 2012. Figure 6-3 shows the annual VOC emission totals for the same
period. The emissions were plotted from WDEQ’s “Composite Annual” spreadsheets. Emission
totals for 2013 for Sublette County are not yet available from the WDEQ, pending their review of
the inventories that were submitted in the spring of 2014.
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There is a clear trend of decreasing NOx emissions since 2008. Drill rig and well completion
emissions show the largest decreases due to fewer wells being drilled since 2008, but also due
to the installation of SCR post-combustion controls on drill rig engines. VOC emissions
generally show a decrease during the period, with an intermediate increase in 2010.

Figure 6-2 Sublette County Annual Production NOyx Emission Totals by Source
Category
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Figure 6-3 Sublette County Annual Production VOC Emission Totals by Source
Category
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Sublette County contains several O&G exploration and production fields, including the PAPA
and Jonah natural gas developments. As such, the understanding of trends stated above is
based on general assumptions made regarding the changes in O&G operations that may have
been experienced by all operators in the County since the signing of the PAPA ROD in
September 2008. Specific operational and emission changes for USQ’s assets in the PAPA
were provided in Section 6.4.

6.4 USQ ACTUAL EMISSIONS IN THE PAPA

Figure 6-4 shows USQ’s annual NOx emission totals, within the PAPA, by source category for
the period from 2008 through 2012. Figure 6-5 shows the annual VOC emission totals for the
same period. The emissions were plotted from the “Composite Annual” spreadsheets. The
USQ-PAPA NOyx emission reduction trend from 2008 through 2012 is comparable to the
Sublette County NOx reductions. The USQ-PAPA VOC trend from 2008 through 2012 is also
similar to the Sublette County VOC changes, except the USQ-PAPA emissions did not exhibit
the same increase between 2009 and 2010 as shown in the Sublette County total VOC
emissions. The USQ-PAPA total NOx emissions for 2008 through 2012 are about 54 percent of
the Sublette County NOx emissions sum for the same period, while USQ-PAPA VOC emissions
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are about 15 percent of the Sublette County total VOC emissions for the 2008 through 2012
period.

Figure 6-4 USQ PAPA-Only Annual Production NOx Emission Totals by Source
Category
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Figure 6-5 USQ PAPA-Only Annual Production VOC Emission Totals by Source
Category
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7. OZONE COMPLIANCE PLAN SUMMARY AND CONCLUSIONS

The proposed Ozone Compliance Plan consists of an update on winter ozone and a detailed
evaluation of available photochemical grid modeling studies, literature regarding the role of
background ozone in the Intermountain Western U.S., local and regional ambient ozone
measurement trends and correlations during summer, and actual emission reductions realized
in both Sublette County and within the PAPA.

7.1 STATUS OF WINTER OZONE

Winter ozone continues to be a concern in the UGRB and is being addressed using a multi-
faceted, collaborative approach between the WDEQ and Operators. USQ is committed to
continuing to:

e Comply with the ROD and WDEQ Presumptive-BACT requirements;
e Pursue practical operational efficiencies;

* Respond to ozone action day notices on forecasted high ozone days by implementing
their respective ozone contingency plans; and

e Work collaboratively with WDEQ on policies to reduce precursor emissions.

With winter ozone concerns being addressed by the actions described in Chapter 2, this Ozone
Compliance Plan focuses on summer ozone concerns and compliance with the ROD
requirement for ozone modeling. These focus areas are summarized below.

7.2 MODELING STUDY SENSITIVITY AND SOURCE CONTRIBUTION
ANALYSES

The Pinedale Anticline Draft SEIS, Pinedale Anticline Final SEIS, and CD-C Draft EIS modeling
reports were reviewed to assess the model's sensitivity to NOx and VOC emission changes.
Each of these studies included future year emission levels for Sublette County that were much
higher than the most recent actual emissions obtained from the county-wide WDEQ inventories.
The Pinedale Anticline Final SEIS showed that when Sublette County NOx emissions were
reduced, the CAMx model produced less ozone. The CD-C Draft EIS showed that when
Sublette County NOx and VOC emissions are reduced, the CAMx model showed a reduction in
ozone levels in the county.

The WestJump modeling report provided detailed source contribution analyses that showed
Wyoming upstream O&G emissions contributed no more than 3.37 parts per billion (up to 5
percent) to the total model-predicted ozone concentrations at Sublette County ozone monitors.
The WestJump study also showed that background ozone associated with international
transport of precursor emissions and stratospheric ozone intrusion is the dominant mechanism
for local ozone formation. This finding in the WestJump report is corroborated by literature
published by scientists at Harvard University and a report by the EPA which state that
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background ozone is the driver for Intermountain Western U.S. ozone formation in the spring
and summer months.

7.3 AMBIENT OZONE DATA ASSESSMENT

An assessment of ambient ozone concentrations was conducted to characterize any trends in
the local data collected in Sublette County, as well as on a regional scale. Correlations were
established between the Sublette County and some of the regional sites. Data obtained from
EPA’s Air Quality System were evaluated for the period from 2008 through 2013 and included
the summer months of April through December.

The calculated 3-year averages of the 4™ highest daily maximum 8-hour concentrations in
Sublette County have remained below the WAAQS for ozone, which is 75 parts per billion. The
3-year averages of the overall maximum daily 8-hour concentrations have also remained below
the WAAQS. In addition, no statistically significant trends were observed in the Sublette County
ozone monitoring data since the signing of the ROD concurrent with the reductions in PAPA
emissions.

Statistically significant correlations of Sublette County ozone monitors to other western
Wyoming monitors that may not be impacted by the same O&G emissions corroborate the
WestJump modeling study conclusion that local O&G sources are not a driver for summer
ozone in Sublette County.

7.4 ACTUAL EMISSION REDUCTIONS

Emission reduction efforts have been, or will be, implemented by USQ resulting in actual
emission decreases that have surpassed the measures that were included in the ROD. These
efforts include:

o Newer/lower emission engines;

e Installation of SCR NOx controls on 100 percent of diesel drill rig engines;

o Electrification of natural gas engines;

¢ Installation of low/no bleed pneumatic control devices on equipment;

» Voluntarily controlling emissions at grandfathered locations;

e Infrared camera inspections to detect leaks so that they can be quickly addressed;

e Installation of a liquids gathering system, which reduces emissions associated with
storage tanks, liquids loading, truck traffic, and fugitive emissions;

e A commitment from USQ to reduce their completion NOx emissions by 10 percent, in
accordance with the ROD visibility Milestone #3 modeling effort;

e Conversion of on-road vehicles to natural gas; and

o More efficient drilling technology, with wells drilled in fewer days using better, low-
emission engines.

While drilling activity has decreased since 2008, drilling efficiencies have greatly increased. In
2007, USQ were drilling an average of 8.5 wells per rig. Since then, efficiencies have increased
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by 250 percent with a single rig now drilling 20 to 24 wells per year. With the installation of SCR
NOy controls on drill rig engines, emissions have been reduced by more than 90 percent. As a
result, potential future increases in the rate of well development can be accomplished with fewer
rigs than would have previously been required. Should the rate of development increase to 2008
levels the use of fewer rigs, equipped with SCR controls, will ensure that NOx emissions will not
approach the historical 2008 emissions levels.

In addition to these emission reduction efforts, new wells will be subject to the requirements in
the NSPS Subpart OOOO as well as the WDEQ Presumptive BACT requirements, which were
most recently updated in September 2013.

7.5 ROD REQUIREMENTS FOR OZONE

Section 4.1.2 of the ROD states that the BLM, WDEQ, and the Operators, with input from EPA,
will refine the NOx and VOC emissions inventory. Since the signing of the ROD in September
2008, the WDEQ has implemented a number of revisions to their annual Operator inventories
within the 5-County area.

Review of the modeling studies showed that when ozone precursor emissions are reduced,
whether only NOy, or both NOx and VOC, the CAMx photochemical grid model produces less
ozone in Sublette County. The modeling studies reviewed in this Ozone Compliance Plan
provide the model sensitivity analyses required by Section 4.1.2 of the ROD.

Sublette County actual emissions of NOx and VOC have decreased by 75 percent and 54
percent, respectively, between 2008 and 2012. The WestJump modeling study showed that
upstream O&G emissions contributed no more than 3.37 parts per billion to total summer ozone
concentrations in the Sublette County when using the relatively high 2008 actual emissions.
Based on the WestJump modeling study, recent journal articles, and most recent Integrated
Science Assessment for ozone by the EPA, summer ozone is formed almost entirely from
emissions from uncontrollable background sources outside Sublette County.
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