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Highlights of CAMx
2022v2 12/4 km Base
Case Model Evaluation

Phase I (2022v1 4 km Flexinest) vs. Phase II (2022v2 4 km)

Phase II: May — September 2022 (5 months)
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MDAS O3 NMB May-Oct 2022: Carisbad City
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Hourly O3 May-Oct 2022:
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MDAS 03 NMB May-Oct 2022:
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Hourly O3 May-Oct 2022: Hobbs
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July 13-15, 2022: Carisbad City: Ozone (top) and NO, (bottom)
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July 13-15, 2022: Hobbs — Ozone (top) and NO, (bottom)?
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Preliminary Ozone and NOx MPE of Initial Phase 2
CAMx 12/4 km Simulation

- Why did Phase I CAMx 2022v1 4 km flexinest obtain better ozone model performance than Phase
II CAMx 4 km 2022v2? 2022v2 4 km emissions degrade ozone model performance relative to the 2022v1

flexinest platform, particularly in the Permian Basin.

o Carlsbad City MDAS8 ozone NMB underprediction degrades from -6% to -15%

« 2022v2 New Mexico O&G non-point NO, emissions are 40% lower than 2022v1, excerpt from the
2022v2 EITSD, which may explain the weaker ozone performance

2.2.4 Nonpoint Oil and Gas Sector (np_oilgas)
2022v2 updates relative to earlier 2022 emissions modeling platforms

The 2022v2 emissions changes for the non-point oil and gas sector included the following:
e Nonroad emissions factor correction which significantly reduced NOX emissions (about 74%)
from drill rigs and hydraulic fracturing engines

 This implies a 74% reduction in drilling and fracing engine NOy emissions reduced Non-Point O&G NOy
emissions by 40%, which seems reasonable. The higher O&G NOy emissions in 2022v1 explains the better

ozone performance than obtained using the 2022v2 emission inventory

Ramboll 12


https://www.epa.gov/system/files/documents/2025-12/2022v2_emismod_tsd_base_december2025.pdf

Preliminary Ozone and NOx MPE of Initial Phase 2
CAMx 12/4 km Simulation

What we learned from hourly timeseries: Observed O; continues rising into the afternoon, while modeled
O stalls. During these hours, observed NO, remains elevated, but modeled NO, drops to near zero, shutting
down NO, photolysis and halting ozone production.

Outstanding Questions:
= Are Permian Basin O&G NO, and/or VOC emissions understated?

» Could observed NO, be higher than modeled simply due to the minimum detection level for NO, monitors,
especially at Hobbs?

= Can there be NO, measurement interference with other species (e.g., PAN, PNA, HNO3) resulting in higher
measured “NO,"?
Next Steps: While developing 2032 emissions, investigate CAMx ozone model performance using additional
performance approaches and conduct sensitivity tests for a selected episode in May-October 2022:
» Vertical mixing sensitivity tests: to check for NO, over-dilution

= Emissions sensitivity tests: because Permian Basin O&G emissions might be understated

Ramboll 13



Evaluation for VOCs:
2021 CarCavAQsS 2-
2023 HEI Loving, NM
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VOC: 2021 CarCavAQS and 2023 HEI Lovmg, NM (LNM)

« CarCavAQS: July 17 - August 19, 2021
* LNM: May 2023 - June 2024
» Challenges in VOC Evaluation:

oVOC measurements not concurrent with 2022
modeling period

» Compare frequency distributions of modeled
& observed hourly VOC - box & whisker plots

o CAMx CB7 condensed chemical mechanism
uses lumped species

» Evaluate for explicit VOC species in CB7

* Yellow Circle = Loving, NM site

« Green Star = Carlsbad City Site

* Orange Star = CarCavAQS Site (further west)
« Cyan Dots = Active Wells

* Red Dots = Satellite Flare Detection

Ramboll
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Evaluation for 8 Explicit VOC Species in CB6r5

£, & & &

ETHANE (ETHA) PROPANE (PRPA) BENZENE (BENZ) ETHYNE (ETHY)

C,He CsHs CeHe &M

Oil & Gas tracer O&G tracer Gasoline combustion Combustion tracer
(natural gas component) (gas processing/refining) tracer

@ il B¢

ISOPRENE (ISOP) ACETONE (ACET) ACETALDEHYDE (ALD2)

CsHs C2H, (CH3),CO CH;CHO
Biogenic VOC Industrial chemical Solvent Naturally occurring
(vegetation emissions) compound aldehyde
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CarCavAQS Ethane (ETHA) & Propane (PRPA) - O&G

Results suggests 2022 oil and gas VOC emissions inventory may be understated in the Permian Basin
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Ethane
« Median Underprediction: 5.3 times (10 vs 2 ppb)

« Mean Underprediction: 5.2 times (13 vs 3 ppb)
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LNM Ethane and Propane -- Oil and Gas Tracers

Results suggests 2022 oil and gas VOC emissions inventory may be understated in the Permian Basin

Ethane Propane
« Median Underprediction: 4.0 times (39 vs 10 ppb) « Median Underprediction: 4.4 times (8 vs 2 ppb)
* Mean Underprediction: 5.4 times (79 vs 15 ppb) e Mean Underprediction: 5.2 times (12 Vs 2 ppb)
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CarCavAQS Acetone - Solvent used in O&G

 Acetone is greatly underestimated by the model by factor of 5-6 on average (3.7 vs. 0.7 ppb) with the 75t
percentile modeled value below the 25t percentile observed value

ACET — Model vs CAVE Obs
07-19 to 08-19

BN Model — T ACET — Diurnal Mean
7. [ Obs 07-19 | Model: 2022-07-19 17:00 to 2022-08-19 08:00
4.0 - =0 QObs
—8— Model
6 .
3.5
=
o 5 -
g s 3.0 -
- g
B 4 1 § 2.5 -
4 1]
g 3 £ 2.0
:
O S
1.5 -
2 .
1.0 1
1
0.5 -
0 0 5 10 15 20

Model Obs Hour
19



Benzene (Gasoline Combustion)

CarCavAQS

« Median Underprediction: 2.2 times

« Mean Underprediction: 2.4 times
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LNM
» Median Within 10% (1.1 times)
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LNM and CarCavAQS NO,

LNM CarCavAQS
« Median Underprediction: 1.2 times (6.0 vs 5.1 ppb) * NO, is underestimated by ~1.5X (median) and
- Mean Underprediction: 1.1 times (8.5 vs 7.6 ppb) ~1.8x (mean).
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Conclusions CarCavAQS LNM VOC/NO, Evaluation

« O&G VOC tracers (Ethane and Propane) are
underestimated by a factor of ~5 at both sites

oSuggests 2022v2 O&G VOC emissions are
understated

« Combustion tracers underestimated by factor of
~2 (Benzene) to good agreement on average
(Ethyne) - could be related to 4 km grid cell
averaging in model

» Isoprene (Biogenic) concentrations are very low
and model has good agreement with
observations

« Acetone has large underestimation (5x) -
solvent used in O&G production

* NO,, NOy and NOy show underestimation - May
be due to grid cell dilution

Ramboll

CarCavAQS NO,/NOy Ratios - measure of aging of

NO, emissions with good agreement (within 10% on
average between observations and model ~0.4)
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Conclusions: CarCavAQS vs. LNM VOC/NO, Evaluation

Key Takeaway: Both special field study monitoring datasets indicate that
Permian Basin O&G VOC emissions in the 2022v2 platform are understated,
O&G NO, emissions may also be understated

LNM much closer to O&G activities than CarCavAQS so measures higher concentrations

Species/O&G Tracer egscearrceadvkgz vs”g:gal;’l\:\hgs Model Bias (against Obs)
Ethane 4-6x higher 5-6x higher ~4-5x too low
Propane 3-4x higher 4-5x higher ~4-5x too low
Benzene 3x Higher 6-7x Higher 2% low @ CarCavAQS

NOx 8x Higher 10x Higher ~1.,5-2% too low

Ramboll
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Sensitivity Test
Modeling

June 28 - July 17, 2022: 20 days
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Numerous reported excess

Permian Basin Emissions are Likely emissions leading to potential
Underestimated in 2022 Platform fines that represent a fraction of

the actual excess emissions

A?GY AND CLIMATE | January 8, 2024

Heavy-Tail Emission Characteristic

Genevieve Plant*, Eric A. Kort*, Alan M. Gorchov Negron, Yuanlei Chen, Graham Fordice, and Colin Harkins

In Situ Sampling of NOx Emissions from United States Natural Gas Flares Reveals

\ Recent Major Penalties and Settlements (2023-2025):

« Targa Northern Delaware, LLC (Dec 2024): $47.8 million penalty for excessive
emissions in Lea County, NM.

+ Ameredev Il LLC (April 2024): $24.5 million settlement for state air regulation
violations.

« Apache Corporation (Feb 2024): $4 million in penalties with $5.5 million for
compliance, totaling $9.5M.

+ Mewbourne Oil Company (Aug 2023): $5.5 million penalty and $4.6 million in

/ compliance costs.

40
2
c
3
020
0 s
0.0 0.2 0.4 0.6
Flaring NOx emission factor
,,:.s_;__,.x&' Remote Sensing of Environment :
LR Volume 334, 1 March 2026, 115229

Space-based assessment of NOy, emissions
from global oil and gas fields: Bridging the
gap in current emission inventories

Piyushkumar N. Patel ! & & Ritesh Gautam °® & = Mark Omara ¢°

Top-down satellite-based analysis reveals current bottom-up
inventories underestimate NOx emissions from Oil & Gas basins by

‘ 61-92%. ‘
ambc

+ Callon Permian LLC (July 2023): $1.285 million penalty for vialations involving tank
pressure and emissions.

« Permian Resources (March 2023): $610,000 penalty for air pollution violations.

+ Matador Production Company (March 2023): $1.15 million
penalty. & U.S. Environmental Protection Agency (... +4

(s

atellite-based Quantification of NOx Emissions De|gware Basin NO,
from Global Oil and Gas Fields emissions
.:Z\:(OSF(I)-:Ez:DSGC;ZNCE:EM;)TL;MSAE:SLI:ZY (G;‘:Tiitliiiii) EMISSIONS ENVIRONMENTAL SCIENCES u n d e resti m a te d by
7 @@ Piyushkumar Patel & (D), Ritesh Gautam, Mark Omara 9 1 = 9 5 0/0 ba Sed on

\ December 26, 2024 - ESS Open Archive TROPOMI 5 )




Emission Sensitivity Tests

2022v2 O&G NOy VOC
pt_oilgas
Permian Basin (PB) O&G Emissions T T
Sensitivity Tests sl I - W i s
Increase New Mexico (NM) or Texas (TX) | » .
portions of Permian Basin (PB) O&G v - o
emissions by a factor of 3 = N | e
« 4km2022v2 = Base Case 2022v2 PB O&G 3 . 3
+ Sens3 = 3 x 2022v2 NM PB O&G NOy  —
« Sens4 = 3 x 2022v2 NM PB O&G VOC :
RR. sl NOx ) L -
+ Sens5 = 3 x 2022v2 NM PB O&G NOy & VOC e )
- Sens7 = 3 x 2022v2 TX PB 0&G NO, & VOC " N
- The factor of 3 is arbitrary and the i o
locations of the missing O&G emissions - -
likely don’t align with the spatial | ‘ e | o
distribution of the 2022v2 O&G emissions 3 2 3
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Carlsbad City NM PB O&G Sensitivities O; and NO,
; Sens3 3 x NO,; Sens4 3 x VOC; Sens5 3 x NO, & VOC

» Better ozone performance with 3 x NOy O&G (Sens3 and Sens5), but some NO, overestimation (3x to high?)

- Sens5 produces lower nighttime ozone than the other tests. Ozone performance improves across the full
concentration range, not just at the high end. Modeled afternoon NO, still lower than observed.

« 3 X VOC O&G (Sens4) has small effect on ozone (will show later that model understates VOC-sensitivity)
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Concentration (ppbv)

LNM Oil and Gas Tracers — 2022v2 Base & Sens5 vs. Obs

Even with 3 x NM Permian Basin O&G VOC emissions, model still underestimates ethane and propane

Ethane Propane
* Median Underprediction: 1.4 times (33 vs 24 ppb) . Median Underprediction: 1.2 times (20 vs 17 ppb)
 Mean Underprediction: 1.5 times (58 vs 39 ppb) « Mean Underprediction: 1.2 times (36 vs 29 ppb)
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Sens?7: 3 x Texas Permian Basin O&G NO, and VOC

» Increase O&G NO, and VOC in Texas Permian Basin improves ozone model performance
« Carlsbad City NMB from -14% to -9%; Hobbs NMB from -14% to -7%
« Missing O&G emissions from TX PB in 2022v2 platform may be part of the CAMx 2022v2 ozone

underestimation issue

Carisbad City, NM

2022v2 12 /4 Base Case
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Sens7: 3 x TX PB O&G NO,/VOC
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Sens7: 3 x TX PB O&G NO,/VOC

NMED_4km2022v2_sens7 03_8hrmax for Jun30_Jul16
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Assessment of NM and TX 3 x PB O&G NO, and VOC

« Sens5 with 3 x NM PB O&G NOy and VOC Emissions:
oMuch improved ozone performance
oReduced Ethane and Propane underestimation bias
= Still have underestimation
oResults in Benzene overestimation
oResults in NOy overestimation

« O&G sources of ethane and propane (and methane)
different than primary sources of benzene and NOy

oHEI study conducted Receptor Modeling of Boulder
AIR VOC measurements from Loving, New Mexico:

= Ethane and Propane mainly from Venting

= A majority of Benzene from Produced Water,
Combustion and Traffic

= NOy from Combustion and Traffic
« Sens7 3 x TX PB O&G NOy and VOC Emissions:
oImproves Ozone, Ethane and Propane Performance

Ramboll

* VOC Receptor Modeling (NMF) Source
Apportionment Modeling at Loving, New Mexico
(Source: Franklin, et al., 2025; HEI Report No., 231,
December 2025)
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Permian Basin O&G NO, /VOC Sensitivity Tests

What we know about the emissions
Permian Basin O&G emissions in the 2022v2 are understated

oReported and not reported excess emissions are not included in the 2022v2 emissions inventory
oThis is a bigger issue for VOC than NOy emissions

What sensitivity tests show

« The 3 x NM PB Basin O&G NO, emissions produced better ozone model performance at the New Mexico
Permian Basin ozone monitoring sites whether alone (Sens3) or with 3 x VOC (Sens5)

* 3 x NM PB O&G NO, produced some NO, overestimation, but 3 x TX PB O&G NO, does not
« 3 X NM PB O&G VOC much better performance for O&G tracers (ETHA and PRPA)
« 3 X NM or TX O&G NOX and VOC produce better ozone and ethane/propane model performance

Implications for future modeling
« Unclear how to use this information to improve the Permian Basin O&G emissions inventory

oCould try and include the reported excess emissions in the emissions inventory; but that would be resource
intensive, just a snapshot, and only represents part of the missing excess emissions

oWhen interpreting the CAMx 2022v2 12/4 km modeling results, need to recognize that the Permian Basin
O&G emission are understated
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Development of 2032 O&G Emissions NM 4 km Domain

« 2032 Oil and Gas (O&G) emissions were developed for the New Mexico 4 km domain by
projecting the 2022v2 EMP 2022 O&G emissions to 2032

oNM and TX Permian Basin; South (NM) and North (CO) San Juan Basin
oO&G Activity Changes (Growth and Decline):
= Actual historical changes in O&G activity from 2022 to 2025

» Forecasted O&G activity from 2025 to 2032 based on EIA 2025 Annual Energy
Outlook (AEO2025)

oAssume On-the-Book (OTB) control measures from 2022v1 2026 projections

= Currently treating OOOODb/c O&G controls as OTB even though current Administration trying to
rescind them
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New Mexico Permian Basin 2032 O&G NO, and VOC

Ramboll

2032 Permian Basin NOx Emissions (tpy)

Associated Gas Venting, 1,681 Other Non-Point Sources, 1,090

Hydraulic Fracturing _
Engines, 2,218

Other Point Sources,
3,816

Point Flares, 3,932 ‘

- Artificial Lift Engines,
Nonpoint Compressor _ 23.742

Engines, 4,263

Drill Rigs, 9,713

PointEngines &
Turbines, 17,850

Total Emissions: 68,307 tpy

2032 Permian Basin VOC Emissions (tpy)

Well Completions,
2,990

Pneumatic Pumps, 2,421
Point Fugitives, 6,262
Nonpoint Fugitives, 6,427

Nonpoint Tanks,
’ 113,424

Other Non-Point
Sources, 18,230 Total Emissions: 208,975tpy

Point Engines &
Turbines, 10,006

Associated Gas
Venting, 10,211

PointFlaring, 10,635

Other Point Sources,
11,788

Artificial Lift Engines,
16,581
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Comparison of New Mexico 2022 and 2032 Emissions

New Mexico

Tons per Day (TPD) 2022v2 | 2022v2 2032 2032 % Diff %Diff
Source Sector NOXx VOC NOXx VOC NOXx VOC
EGU point 19.1 0.6 14.5 0.7 | -23.9% 17.0%
Non-EGU point 7.1 5.5 6.7 5.5 -5.1% -0.2%
0&G 265.9 963.7 287.1 713.4 8.0% | -26.0%
Rail 44.2 1.8 43.7 1.8 -1.2% -1.7%
Non-Point 11.5 110.2 10.9 113.3 -5.6% 2.8%
Non-Road Mobile 11.9 13.9 8.1 13.3 | -31.9% -4.6%
On-Road Mobile 78.7 35.4 25.7 19.7 | -67.3% | -44.3%
Airports 1.7 1.0 1.8 1.1 3.3% 5.7%
Anthro Total 440.1 | 1132.0 398.5 868.7 -9.4% | -23.3%
Fires 64.3 1872.6 64.3 1872.6 0.0% 0.0%
Biogenic 58.8 1567.6 58.8 1567.6 0.0% 0.0%
Natural Total 123.1 | 3440.2 123.1 | 3440.2 0.0% 0.0%

Ramboll

« 2022 to 2032 Change in Total New
Mexico Emissions:

* -9% in NOy
« -23% in VOC
« 2022 to 2032 Change in NM O&G:
* +8% in NOy
« -26% in VOC

» Percent Total (Ant+Nat) is Natural:

« 2022 NOy = 22%
« 2032 NOy = 24%
« 2022 VOC = 74%
« 2032 VOC = 80%
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of Texas Permian Basin 2022/2032 Emissions

Comparison
Texas Permian Basin

Tons per Day 2022v2 2022v2 2032 2032 Difference (%)
Source Sector NOx VOC NOx VOC NOx VOoC
EGU point 20.2 0.8 22.5 2.1 11.7% | 166.2%
Non-EGU point 6.9 4.9 6.7 5.0 -3.1% 0.6%
0&G 302.9 2339.3 271.2 11093 | -105% | -52.6%
Rail 13.3 0.6 13.2 0.5 -0.8% -0.7%
Nonpoint 4.9 88.1 4.7 91.0 -4.8% 3.3%
Non-Road 13.9 9.3 9.4 87| -32.3% -6.6%
On-Road 59.4 16.4 23.0 10.2 | -61.3% | -37.8%
Airports 1.5 0.9 1.5 0.9 2.3% 2.7%

Anthro Total 423.0 2460.3 352.3 1227.7 | -16.7% -50.1%
Fires 3.6 28.8 3.6 28.8 0.0% 0.0%
Biogenic 112.6 1019.3 112.6 1019.3 0.0% 0.0%

Natural Total 116.2 1048.1 116.2 1048.1 0.0% 0.0%

Ramboll

« 2022 to 2032 Change in Total Texas
PB Emissions:

« -17% in NOy
« -50% in VOC
« 2022 to 2032 Change in TX PB O&G:
«-11% in NOy
« -53% in VOC
» Percent Total (Ant+Nat) is Natural:
« 2022 NOy = 23%
« 2032 NOy = 25%
« 2022 VOC = 30%
« 2032 VOC = 46%
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2032 Ozone Design Value Projections

« Software for the Modeled Attainment Test (SMAT-CE) follows EPA guidance (EPA, 2018) to make ozone
Design Value projections

oUse CAMx 2022 and 2032 ozone modeling results in a relative fashion to scale (RRF) the observed 2020-
2024 base year ozone Design Value (DVB,g50.2024) to project 2032 future year ozone DVF,y3,

RRF = Z Model-Ozone,,3;, / 2 Model-Ozone,,,,
DVB020-2024 = (DV3020-2022 + DV2021-2023 + DV2022-2024) / 3
DVF,032 = RRF X DVB,(50-2024

o SMAT-CE includes an Unmonitored Area Analysis (UAA) that spatially interpolates the observed 2020-
2024 ozone DVB and makes 2032 ozone DVF projections across the domain

o SMAT-CE used to make 2032 ozone DVF projections using CAMx modeling results two ways: (1) May
through September 2022; and (2) June 10 through August 15, 2022

Ramboll
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Alternative 2032 Ozone Design Value Projections

« Adapt approach developed in CRC Project A-122 that uses anthropogenic ozone DVB increments (without
ozone background) to project future year ozone DVFs:

RRF

*}? DVB = Design Value in 2012
Standard Method DVF =—DVB DVF = Design Value in 2028

/N

Model results  Measurements Model results or

\ / measurements
bkgd M
— cbka

Alternate Method pyp = - ’;wd (bvB - ") + (,'.,""""""'J
Cp— Cp
e “bkgd” is usually regional background

Alternative RRF

« Account for understated ozone due to missing Permian Basin O&G emissions by decomposing observed 2020-
2024 ozone DVB into a Local (i.e., Permian Basin O&G) and Non-Local components and use CAMx 2022 and
2032 Local Source ozone source apportionment results to project 2032 ozone DVF:

2020-2024 DVB = DVB ., + DVBpon-Local
2032 DVF = RRFLocaI X DVBLocaI + RRI:Non-LocaI X DVBNon-LocaI
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« 7 NM sites have ozone DVB,g50-2024 @bove
the 70 ppb 2015 NAAQS

* 4 NM sites have ozone DVB,g50-2024 @bove
the 75 ppb 2008 NAAQS

« 4 NM sites have projected 2032 ozone
DVF,q3, above 2015 NAAQS:

« 75.1 ppb Carlsbad Caverns, Eddy County
« 74.3 ppb Carlsbad City, Eddy County

« 72.7 ppb Desert View, Dona Ana County
« 71.4 ppb La Union, Dona Ana County

Ramboll

Jun-Aug 2020-24 2032
Name Site ID DVB DVF RRF Low | #Day State County
Carlsbad Caverns | 350150010 78.3 75.1 ] 0.9595 60 10 | New Mexico Eddy
Carlsbad City | 350151005 78.0 74.3 | 0.9532 61 10 | New Mexico Eddy
Hobbs | 350250008 69.7 65.9 | 0.9469 60 5 | New Mexico Lea
La Union | 350130008 76.0 71.4 | 0.9397 62 10 | New Mexico Dofia Ana
Chaparral | 350130020 70.3 65.6 | 0.9341 60 7 | New Mexico Dofia Ana
Desert View | 350130021 77.3 72.7 | 0.9417 62 10 | New Mexico Dofia Ana
Santa Teresa | 350130022 73.5 68.5 | 0.9326 61 10 | New Mexico Dofia Ana
Solano | 350130023 67.3 64.2 | 0.9549 60 5 | New Mexico Dofia Ana
Ivanhoe | 481410029 64.3 61.7 | 0.9608 61 10 | Texas El Paso
El Paso Chamizal | 481410044 69.0 65.7 | 0.9532 60 10 | Texas El Paso
Ascarate Park SE | 481410055 70.0 66.9 | 0.9559 61 10 | Texas El Paso
Socorro Hueco | 481410057 7.7 68.4 | 0.9546 61 10 | Texas El Paso
Skyline Park | 481410058 70.3 65.8 | 0.9368 61 10 | Texas El Paso
Del Norte | 350010023 69.7 66.4 | 0.9527 60 10 | New Mexico Bernalillo
South Valley | 350010029 66.0 63.2 0.958 60 6 | New Mexico Bernalillo
Foot Hills | 350011012 72.3 68.6 | 0.9495 61 10 | New Mexico Bernalillo
Bernalillo | 350431001 68.3 65.3 0.957 61 10 | New Mexico Sandoval
Bloomfield | 350450009 65.3 62.8 | 0.9629 61 10 | New Mexico San Juan
Navajo Lake | 350450018 69.3 66.0 | 0.9533 60 10 | New Mexico San Juan
Sub Station | 350451005 67.0 65.3 | 0.9754 60 8 | New Mexico San Juan
Shamrock 80671004 64.0 60.9 0.952 60 9 | Colorado La Plata
Ignacio 80677001 66.3 61.6 | 0.9305 61 10 | Colorado La Plata
Bondad 80677003 66.0 61.3 | 0.9298 62 10 | Colorado La Plata
Cortez | 80830006 62.3 61.1 | 0.9813 60 6 | Colorado Montezuma
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Projected 2032 Ozone using Alternative Approach

« Use CAMx 2022 Local Source ozone source apportionment to adjust New Mexico plus Texas Permian Basin
O&G ozone contributions two ways was to eliminate CAMx underestimation bias at New Mexico Permian
Basin sites:
> Alternative #1 = Increase NM&TX PB O&G ozone contributions so that Total 2022 MDA8 Ozone averaged

across the 10 SMAT days match the observed 2020-2024 ozone DVB

> Alternative#2 = Increase NM&TX PB O&G 2022 ozone contributions to eliminate the underestimation bias
between the 2022 MDAS8 ozone observed and 2022 MDAS8 ozone modeled averaged across top 10 days

Observed SMAT-CE SMAT-CE Alternative#1 Alternatuve#2
Monitoring 2020-2024 Full Model June 10 - 10 SMAT Days Adjust Ozone
Site Ozone DVB Period August 15 DVBnon-Local MPE DVB,ocal
Carlsbad City 78.0 77.0 75.1 74.1 74.0
Carlsbad Caverns 78.3 76.4 74.3 75.3 75.3
Hobbs 69.7 68.3 65.9 65.9 65.9

« Using the full (May-Oct) episode with SMAT-CE to projected 2032 ozone DVFs very stiff with small ozone
reductions due to MDAS8 ozone on May-June days dominated by BCs

 The three methods (SMAT-CE and Two Alternative) to make 2032 DVF projections using the June 10 - August
15, 2022 modeling results produce 2032 DVFs within 1 ppb of each other
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SMAT UAA 2020-2024 DVF and 2032 DVF (Jun-Aug)

2020-2024 Ozone DVB 2032 Ozone DVF
NMED 4km extent NMED 4km extent
NMED_2022DV NMED_2032DV
Ozone Baseline Design Value UAA-GA Ozone Future Design Value UAA-GA
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Qhin(243,221) = 55.1 ppb Qhin(243,222) = 50.6 ppb
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2022 and 2032 Local
Source Ozone Source
Apportionment
Modeling

IIIIIII



Local Source Ozone Source Apportionment Modeling

*June 1 - August 15, 2022 Modeling Period and 2022 and 2032 Emission Years (2 Runs)
« Although some high ozone in May 2022, Phase I CAMx 2026v1 12 km ozone source
apportionment modeling showed it was mainly due to international emissions (i.e., BCs)

 Four Source Regions focusing on Permian Basin and New Mexico: (1) New Mexico Permian Basin;
(2) Remainder New Mexico; (3) Texas Permian Basin; and (4) Remainder 12/4 km domain

- Ten Source Categories:

1. Natural (Biogenic + LNOX)

. Fires

. O&G Pre-Production

. O&G Production

. O&G Midstream

. EGU Point

. Non-EGU Point

. On-Road Mobile Souce regenip ‘
Non-Road Mobile R e |

10 Remainder Anthropogenic omm e mm

uuuuu

OooNOULh~WN

* Results in separate ozone contributions from 42 Source Groups (= 4 x 10 + 2) (simulation takes

Ramboll

~2 weeks elapsed time)



Local Source: Source Sector Contributions to 2032 DVF
NM PB Anthro - 12.5 ppb

NMED 4km extent
Total Anthropogenic in New Mexico Permian Basin
Ozone Future Design Value UAA-GA

2032 DVF - 75.7 ppb

NMED 4km extent
NMED_2032DV
Ozone Future Design Value UAA-GA
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Local Source: Source Sector Contributions to 2032 DVF

NM&TX PB O&G - 16.5 ppb Pre-Production - 5.2 ppb Production - 3.5 ppb Midstream - 8.4 ppb

NMED 4km extent NMED 4km extent NMED 4km extent NMED 4km extent
Total OG in Permian Basin

Ozone Future De5|gn Value UAA-GA

i OG Production in Permian Basin OG Midstream in Permian Basin
8;30:?':!:;3?: ([:)t:;?gl: sﬁznélﬁlg.aes:‘ Ozone Future Design Value UAA-GA Ozone Future Desngn Value UAA-GA
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TX PB O&G - 6.6 ppb Pre-Production - 1.7 ppb Production - 0.4 ppb Midstream - 5.3 ppb
NMED 4km extent NMED 4km extent NMED 4km extent NMED 4km extent
Total OG in Texas Permian Basin OG Pre-Production in Texas Permian Basin OG Production in Texas Permian Basin OG Midstream in Texas Permian Basin
ozone Future Des|gn Value UAA-GA Ozone Future Design Value UAA-GA Ozone Future Design Value UAA-GA Ozone Future Des:gn Value UAA- GA

6 2 oy

f — o8
‘ 0.6 =1 0.6
0.4 04
0.2 0.2

<>max(123 62) = 6.6 ppb Qmax(151,61) = 1.7 ppb Omax(174,72) = 0.4 ppb QOmax(125,44) = 5.3 ppb
Omin(16,175) = 0.0 ppb Omin(87,1) =" 0.0 ppb Onmin(1,1)= 0.0 ppb Omin(16,175) = 0.0 ppb




Local Source: Source
Sector Contributions to
2032 DVF

« Maximum contribution to 2020-2024 ozone
DVB and 2032 ozone DVF

NM Permian Basin

Remainder NM

TX Permian Basin

Remainder Domain

NMED 4km extont
On-Raad Matile in New Mexico Permian Basin
Ozone Future Design Value UAA-GA

HOMED sk axtont
n-Road Mobile in Remainder New Mexico
Srons Futirs Design vanas UARGA

NMED 3km oxter
On R0 Meblia n Texes Permian Basin
Qzone Fulure Design Value UAA-GA.

NMED 4k oxtor
OnRasl et In Remainder 12.4 km domain
9200 Fulura Desigh Yalus UAA-GA

Source

NM Permian Basin

Remainder NM

TX Permian Basin

Sector
Sector

2020-4 2032
DVB DVF

2020-4 2032
DVB DVF

2020-4 2032
DVB DVF

Oil & Gas
On-Road
Non-Road
EGU Point
Non-EGU Pt
Non-Point

12.4 12.3
0.8 0.2
0.3 0.2
0.8 0.4
0.2 0.2
0.2 0.1

7.5 7.4
4.8 2.4
2.4 2.4
2.2 1.5
0.7 0.7
1.6 1.7

7.7 6.6
2.4 0.9
1.1 0.8
2.9 2.3
0.5 0.3
0.4 0.4
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Local Source: Contributions to MDAS8 Ozone at Monitors

« CAMx 2022 and 2032 Local Source ozone source apportionment MDA8 ozone contributions were extracted at
the monitoring sites and loaded into Excel Dashboards where the user can drill down and displays stack bard
charts and pit charts of Source Region and Source Category contributions to 2022 or 2032 MDAS8 ozone
concentrations at the user-selected monitoring site and days.

« The Source Region and Source Category naming convention used in the Dashboards are as follows:

Source Regions Source Categories
A. BCD: Boundary Conditions 1. BCD: Boundary Conditions

B. NMPB: New Mexico portion of the 2. EGU: Eletrical Generating Units
Permian Basin 3. FIR: Fires
C. NMRE: Remainder New Mexico 4. NAT: Natural (Biogenic + LNOx)
D. REMD: Remainder 12/4 km 5. NEG: Non-EGU Point
Domains 6. NON: Nonroad Mobile
E. TXPB: Texas portion of the Permian 7. OGD: Pre-Production O&G
Basin 8. OGM: Midstream O&G
9

. OGP: Production O&G
10. ONR: On-Road Mobile
11. REA: Remainder Anthropogenic

* There are three Dashboards: one for 2022 and one for 2032 for all New Mexico monitoring sites and one for
the three New Mexico Permian Basin monitoring sites where the Permian Basin (NM&TX) O&G ozone
contributions have been adjusted upward to account for understated ozone contributions.
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Example Local Source 2022 Dashboard for Carisbad City

* Left Selection Panels: Monitoring Site; Source Regions; and Source Categories
» Top Selection Panels: Used to select days. Top 10 Days; Over 60, 65 and 70 ppb. User defined.
Days

Site ID = T Month = Day of Month = Top 10 Days... - SMAT =%
Ascarate Park Bernalilo [ August | o [ 0z 10 KT [ | l\'e=7| Mo
Bloomfield Bondad [y (13 1™ 118 | 30 03 No [Yes |
Carlsbad Caverns | Catlsbad Ciry I [June 04 s 06 o7 08
Chaco Chaparrel 03 B 1 18 9 Over 60ppb 7= Over65ppb - | |Over70ppb -
- Chiricahua NM Cortez - Health Dept 20 21 22 23 24 ‘ No | { No ‘ | No
S I te S Coyote DelMorte 25 26 27 28 29 ‘ Yes | h,“ ‘ .-I.h.
Desent View Dine College T
ElPaso Chamizal FootHills
Guadalupe Mourtains .. | Hobbs
lgnacic luanhoe Carlsbad City, Region: All] Al Region: All, 03: 63.77 ppb, DVB: 78
LaUnion Lske Capots
LosLunas Mesa Verde NP 80
Navajo Lake Ojo de Aguz
Palo Dura Petrified Forest NP 70 FIR
Santa Fe Airport Santa Teresa BCD OGP
Shamriock Skyline Park 60 mREA 5%
Socorro Hueco Solano = NON
South Valley Sub Station
TowaocUMU2 50 ONR
m NEG oGM
40 mEGU 11%
Re g I O n S Reg...-~ | | Source Category = - 0GD
| BCD |6t || EGU FIR 30 - — oom
NMPE | (NaT [ NEG | Now N . _— e oo BCD
 NMRE [oeo J(osM [ osR 0 == — [l _— . . 545 7%
Categories o fmam —-— — anir
l E
10
9%
0 1
5%
¥ ¥ g v v ¥ g
g & & ¢ & & & & & & —
& & F & F F o F W
§ A A AP P D S N L
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2022 & 2032
Dashboard

« Carlsbad City

« All Source Regions and Source
Categories

 Top 10 MDA8 Ozone Days
« Results:

oAverage of top 10 2022 MDAS
days (63.8 ppb) much lower
than 2020-2024 ozone DVB
(78.0 ppb)

oOver half of the ozone on
average is from BCs around the
12 km CONUS domain (54-
58%)

o O&G is the largest Source
Category Contributor (22-23%)
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Carlsbad City, Region: All

20
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[carlsbad City, Region: All|

70

60

50

40

30

20

10

m OGP
m FIR
m NAT
& & &
S
BCD
m REA
H NON
ONR
m NEG
EGU
0OGD
0OGM
m OGP
HFIR

m NAT

All, Region: All, 03: 63.77 ppb, DVB: 78

REA
3%

BCD \ 0GD
54% 7%
-
B

AlL, Region: AlL, 03: 60.84 pph, DVF: 74.3|

FIR
NAT 0%

10%
/

0OGM
10%

0GD
BCD 8%
58%

REA
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|Carlsbad City, Region: NMPB, 03: 9.76 ppb, DVB: 78 Carlsbad City, Region: NMRE, 03: 0.21 ppb, DVB: 78

REA
2%

Carlsbad Caverns 2022 "

by Source Regions

« NM Permian Basin (9.8 ppb)
094% from NM PB O&G

»37% Pre-Production Ez(jfou
»>29% Production Y
»28% Midstream
- Remainder New Mexico (0.2 ppb) Gartsbad City, Region: TXPE, 03: 5.4 ppb, DVE: 78 [Carisbad Gity, Reglon: REMD, 03: 13,65 ppb, DVE: 78
054% Natural

« TX Permian Basin (5.5 ppb)
063% from TX PM O&G
»13% Pre-Production
» 3% Production
»47% Midstream
019% Natural
- Remainder Domain (13.7 ppb)
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2022 All Days,
Regions/Categories
but no BC

« Carlsbad City (20.9 ppb)
048% O&G
019% Natural

014% Remainder Anthro
(includes Mex Mobile

0 8% On-Road
05% Non-Road
« Hobbs (17.5 ppb)
034% O&G
022% Natural
017% Remainder Anthro
012% On-Road
o 7% Non-Road
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2022 All Days,
Regions/Categories
but no BC

 Desert View (19.1 ppb)

042% Remainder Anthropogenic
(includes Mexico Mobile)

022% Natural
013% O&G
010% On-Road
06% Non-Road
- Navajo Lake (19.2 ppb)
035% O&G
026% Natural
014% Remainder Anthro
011% On-Road
o 7% Non-Road
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2022 Contributions
with Permian Basin
O&G O; Adjustments

« PB O&G ozone contribution is
adjusted to eliminate the ozone
underestimation bias at NM PB
monitoring sites

« Results for 10 SMAT Days
« Unadjusted (top)

oAvg Model = 63.4 ppb vs. 2020-
2024 DVB = 78 ppb

oBC = 54%
0 0&G = 23%
» Adjusted (bottom)

oAvg Model = 78 ppb vs. 2020-
2024 DVB = 78 ppb

oBC = 44%
0 0&G = 36%
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2022/2032 Local Source Ozone SA Conclusions

« Boundary Conditions (BCs; i.e., the incoming concentrations defined around the lateral boundaries of the 12
km CONUS domain) contribute over half of the ozone at all sites in New Mexico

* The highest ozone concentrations in New Mexico occur in the Permian Basin in southern Eddy County with NM
and TX Permian Basin O&G emissions contributing approximately a third and a sixth, respectively, to the non-
BC ozone contribution

oAt Carlsbad City, almost all of the New Mexico Permian Basin contribution is due to O&G emissions with Pre-
Production O&G having the highest contribution (37%) and Production and Midstream O&G having a similar
contributions (28-29%)
oHowever, the Carlsbad City ozone contribution from O&G in the Texas portion of the Permian Basin mostly
comes from Midstream O&G (47%) with Pre-Production (13%) and Production (3% ) O&G contributions
being much lower
« When increasing the NM and TX Permian Basin O&G ozone contribution to eliminate the CAMx ozone

underestimation bias as an approach for accounting for missing O&G emission, the O&G ozone contribution
increases from 23% to 36% so that it is more comparable to the BC contribution (44%)

« BCs have a higher contribution to ozone in the southern Dona Ana County sites than the Permian Basin with
the remainder anthropogenic emission, which includes Mexico area and mobile sources, being the largest
source category contributor
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2032 State Specific
Ozone Source
Apportionment
Modeling
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State Specific Ozone Source Apportionment Modeling

« Run CAMx in a similar fashion as EPA’s Good
Neighbor Plan modeling

Ottawa

« Emissions Year: 2032
«May 1 - August 15, 2022 Modeling Period

« 3 Source Categories: (1) Biogenic; (3)
Fires+LNOXx; (3) Anthropogenic

« 10 Source Regions: 9 Western States, Mexico
and Remainder 12 km Domain

EX1C Source Region Map Ol
nnnnnn Kansas
NNNNNNNNN Mexico
« 35 Source Groups (3 x 10 + 2)
o Uah ~  Nevada
0 125 250 500 750 1*0?\%%5 Mexico City Colorado Remainder of 12km Domain
| mm Sa— o

« EPA has used 1% of the NAAQS (0.70 ppb) as a
significant threshold (1.0 ppb also suggested)

EPA has run 2022 HCMAQ with no international anthropogenic emissions (for Intl Anthro in BCs)
but it is being reviewed by EPA upper management and was not released in time for NMED Phase II
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Contributions to Projected 2032 Ozone DVF (ppb)

Arizona Anthropogenic California Anthropogenic
NMED 4km extent NMED 4km extent
Total Anthropogenic in Arizona Total Anthropogenic in California

Ozone Future Design Value UAA-GA Ozone Future Design Value UAA-GA

- i ._ r l.

- N BB O @

0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
0.1

Omax(16,144) = 2.54 ppb {Omax(1,160) = 1.51 ppb
Omin(230,5) = 0.02 ppb Omin(233,30) = 0.03 ppb
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Contributions to Projected 2032 Ozone DVF (ppb)

Colorado Anthropogenic Texas Anthropogenic

NMED 4km extent
Total Anthropogenic in Texas
Ozone Future Design Value UAA-GA

P ol 3"’ - 7 -

NMED 4km extent
Total Anthropogenic in Colorado
Ozone Future Design Value UAA-GA

A o Ui

Omax(242,58) = 9.48 ppb
Ri Qmax(65,212) = 3.01 ppb Omin(6,1) = 0.00 ppb
Omin(1,1) = 0.00 ppb




In-Domain Mexico Contributions & 2032 DVF w/0 Mexico

Mexico Anthropogenic 2032 Ozone DVF w/o Mexico Anthro
NMED 4km extent NMED 4km extent
Total Anthropogenic in Mexico NMED_2032DV
Ozone Future Design Value UAA-GA
W o 0 o v - B wy L

R

g

© © ©o ©o o ©o o ©o o
S I N L d o N D TN @

jl
!
b i

Rambo <Omax(71,58) = 8.54 ppb QOmax(134,70) = 76.7 ppb 61
Omin(37,217) = 0.25 ppb Omin(201,4) = 50.6 ppb



State Specific O; Source Apportionment Conclusions

« Anthropogenic emission from Arizona, Colorado, Texas, California and Mexico all contribute over 1 ppb to the
projected 2032 ozone Design Values (DVs) in New Mexico

oArizona, Texas and Mexico have contributions over 1 ppb to 2032 ozone DVs in southern New Mexico where
the projected ozone 2032 DVs exceed the 2015 ozone NAAQS

« Kansas, Nevada, Oklahoma and Utah contributions to 2032 ozone DVs in New Mexico are always less than 0.7
ppb

« Mexico anthropogenic emissions within the 12 km CONUS domain contribute over 4 ppb to the 2032 ozone
DV in southern Dona Ana County and ~2 ppb to southern Eddy County in the Permian Basin

oEven with the elimination of Mexico anthropogenic emissions in the 12 km CONUS domain, the maximum
projected 2032 DV in southern Eddy County (76.7 ppb) is above the ozone NAAQS

oThe study could not include the elimination of international anthropogenic emissions that are embedded in
the Boundary Conditions as such data were not available, so no findings are available on the contributions of
international anthropogenic emission to ozone in New Mexico.
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Potential Next Steps
FY2027
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Possible Next Steps FY2027

A. Additional 2022 and/or 2032 Sensitivity Modeling using CAMx 2022v2 12/4 km Modeling Platform
i. Modeling Ozone/PM Impacts of Proposed New Sources
ii. Other Sensitivity Tests (e.g., alternative Permian Basin O&G Inventories)
B. Develop Improved O&G Inventories for the Permian Basin
i. Analyze Known Excess Emissions
ii. Review and update O&G EI development and modeling (e.g., speciation) data
iii. Top-Down Adjustments
C. CAMx 2024 12/4 km Modeling Platform
i. Issues with 2022 ozone performance across intermountain west; 2022 severe wildfires in NM
ii. 2024 has concurrent VOC measurements (LNM) and TEMPO satellite data
iii. Preliminary CAMx 2024 12 km CONUS modeling indicate improved ozone performance
iv. Revised CAMx 2024 12/4 km ozone source apportionment with improved O&G emissions
v. Evaluation of New Mexico NOy emissions inventory using TEMPO
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