May 2020

NEW MEXICO OZONE
ATTAINMENT INITIATIV E
PHOTOCHEMICAL

MODELING STUDY -
DRAFT MODELING
PROTOCOL

RAMBGOLL
WESTAR

States Air Resources Counc|



Ramboll

- New Mexico Ozone Attainment Initiative Photochemical Modeling Study - Draft Modeling Protocol

NEW MEXICO OZONE ATT  AINMENT INITIATIVE
PHOTOCHEMICAL MODELI NG STUDY - DRAFT MODELING
PROTOCOL

Project name
Project no.
Recipient
Document type
Version

Date

Prepared by

New Mexico Environmental Division

1690017454

New Mexico Environmental Division

Modeling Protocol

V5.0

May 19, 20 20

Ralph Morris , Marco Rodriguez, Tejas Shah, Jeremiah Johnson, Fiona Jiang,
Tom Moore, Mary Uhl

Ramboll

7250 Redwood Blvd.
Suite 105

Novato, CA 94945

T +1 415 899 0700
www.ramboll.com



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

CONTENTS

ACRONYMS and ABBREVIATIONS

1.
1.1
1.2
121

13
131

1.3.2
133
134

1.35
1.3.6
1.3.7

1.3.8
1.3.9
14

14.1
14.2
1.4.3
15
151
152
153
154
155
1.5.6
1.5.7
158
159
15.10
1511
1.5.12
1.6
1.7
1.8

21
2.2

INTRODUCTION

NM OAI Project Genesis

Overview of NM OAl  Study Modeling Approach
EPA Guidance for Ozone Attainment Demonstration
Modeling Protocols

Related Studies

Historic EPA and More Recent EPA -MJO- States Modeling

Platforms
Denver Ozone SIP Modeling and Analysis
West -wide Jumpstart Air Quality Modeling Study

Intermountain West Data Warehouse and Western Air

Quality Stud vy
Southern New Mexico Ozone Study (SNMOS)
City of Albuquerque Ozone Modeling Study

Relationship Between Meteorology and Ozone in the

Intermountain West Region

The Four Corners Air Quality Task Force
Other Studies

New Mexico Conceptual Models for High Ozone
Concentrations

Southeastern New Mexico

City of Albuquerque

Northwest New Mexico

Overview of the Modeling Approach

Episode Selection

Mode | Selection

Domain Selection

Base and Future Year Emissions Data
Emissions Input Preparation and QA/QC
Meteorology Input Preparation and QA/QC
Initial and Boundary Conditions Development
Air Quality Modeling Input Preparation and QA/QC
Model Performance Evaluation

Diagnostic Sensitivity Analyses

Future Year Control Strategy Modeling
Future Year Source Apportionment Modeling
Project Participants and Contacts
Communication

Schedule

MODEL SELECTION
Meteorolog ical Model
Emissions Models

viii

13

14
17
17

19
19
19
19
20
20
20
20
20
21
21
21
21
21
22
22
22
22
25
25

28
29
29



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

221
2.2.2
2.2.3
224

2.3
23.1
2.4

3.1
3.2
3.2.1

3.2.2

4.1

4.2

421
4.2.2
4.2.3
4.2.4
425

51
5.2
5.3
53.1
5.3.2
533
534
5.3.5
5.3.6
5.3.7
5.3.8
5.3.9
5.3.10
53.11
5.3.12
5.3.13
5.3.14
5.3.15

Sparse Matrix Operator Kernel Emissions (SMOKE)

MOtor Vehicle Emissions Simulator (MOVES)
SMOKE-MOVES

Model of Emissions of Gases and Aerosols from Nature
(MEGAN)

Photochemical Grid Model

Comprehensive Air -quality Model with extensions (CAMX)
Final Justification for Model Selection

EPISODE SELECTION

Candidate Year for Modeling Episodes

EPA Episode Selection Criteria

Model a Time Period that Corresponds to a Year with an
Available National Emissions Inventory (NEI) and has Air
Quality and Meteorological Data Available

Model Time Periods in which Observed Ozone
Concentrations are Close to the Appropriate Base Year
Ozone Design Valu es.

Episode Selection Conclusions

MODELING DOMAIN SELECTION AND DATA
AVAILABILITY

Horizontal Domain

Data Ava ilability

Emissions Data

Air Quality Data

Ozon e Column Data

Meteorological Data

Initial and Boundary Conditions Data

WRF METEOROLOGICAL MODELING
Description of WRF

WRF Model Domain

WRF Mode | Configuration

Model Vertical Resolution

Vertical Coordinate

Topographic Inputs

Vegetation Type and Land Use Inputs
Atmospheric Data Inputs

Time Integration

Diffusion Options

Late ral Boundary Conditions

Top and Bottom Boundary Conditions
Sea Surface Temperature Inputs

Four Dimensional Data Assimilation (FDDA)
New Lightning Data Assimilation

PBL and LSM Physics Options
Remaining WRF Physics Options
Application Methodology

29
30
30

30
30

31

33
33
33

33

33
34

35
35
37
37
38
40
40
40

41
41
41
41
42
43
44
45
45
46
46
46
46
46
46
47
47
47
48



Ramboll

54

54.1
5.4.2
54.3

6.1
6.1.1
6.1.2
6.2
6.2.1
6.2.2
6.3
6.3.1

7.1
7.2
7.2.1

7.2.2
7.3

7.3.1
7.3.2
7.3.3
7.4

7.4.1
7.4.2

7.4.3
7.4.4
7.4.5
7.5

7.5.1
7.5.2
7.6

7.6.1

8.1
8.2
8.21
8.2.2
8.3
8.3.1
8.3.2

- New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

WRF Model Evaluation

Quantitative Evaluation Using METSTAT
Statistical Benchmarks

Qualitative Evaluations Using PRISM Data

PGM BASE YEAR INPUT PREPARATION PROCEDURES
Meteorological Inputs

WRFCAMXx Processing of 2014 WRF Output

Treatment of Minimum Kv

Emission Inputs

Available Emissions Inventory Datasets

Development of CAMx Emission Inputs

Photochemical Model Inputs

PGM Science Configuration and Input Configuration

2014 BASE CASE MODELING AND MODEL
PERFORMANCE EVALUATION

2014 Base Case Modeling

EPA Model Performance Evaluation Recommendations
Overview of EPA Model Performance Evaluation
Recommendations

WRAP/WAQS Companion Model Performance Evaluation
Overview of Evaluation of CAMx 2014 Base Case Procedures
Photochemical Model Evaluation Methodology

Model Performance Goals and Benchmarks

Available Aerometric Data for the Evaluations
Operational Evaluation

Atmospheric Model Evaluation Tool (AMET)

Example Operational Model Performance Evaluation
Products

Scatter Plots of Model Performance

Time Series of Predicted and Observed Concentrations
Evaluation for the Modeled MDA8 Ozone Concentrations
Diagnostic Evaluation

Base Year Base Case Diagnostic Sensitivity Tests
Additional Diagnostic Evaluation Approaches

Dynamic Evaluation

Probabilistic Evaluation

FUTURE YEAR MODELING

Future Year to be Modeled

Future Year Emissions

2023 Future Year Anthropogenic Emissions

Future Year Emissions Quality Assurance

Future Year CAMx Modeling

Future Year Ozone Source Apportionment Modeling

Future Year Sensitivity and Control Strategy Simulations

FUTURE YEAR OZONE PROJECTIONS

48
48
50
52

54
54
54
54
55
55
55
59
59

61
61
61

61
62
62
62
62
63
64
64

64
67
69
69
70
70
71
71
72

73
73
73
73
74
74
74
75

76



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

9.1 EPA Recommended Future Year Ozone DV Projection

Procedures 76
9.1.1 Base Year Ozone Design Value (DVB) 76
9.1.2 Calculation of Relative Response Factors (RRFs) 76
9.1.3 Flexibility in RRF Calculations 77
9.2 Unmonitored Area Analysis (UAA) 77
9.3 Weight of Evidence (WOE) Attainment Demonstratio n 78
9.4 Documentation of the PGM Modeling 78
10. QUALITY ASSURANCE PROJECT PLAN (QAPP) 79
10.1 Title Page And Approval Page 79
10.2 Quality System Components 79
10.2.1 Roles of Personal for QA/QC of the NM OAI Study 79
10.2.2 QA/QC of the 2014 Base Year and 2023 Future Year

Emissions Data 80
10.2.3 QA/QC of 2014 and 2023 Emissions Processing 80
10.2.4 QA/QC of the Meteorological Modeling 80
10.2.5 QA/QC of the Boundary Conditions 80
10.2.6 QA/QC of the Air Quality Modeling 80
10.3 Project Definition and Background 81
104 Data Quality Objectives 81
10.5 Project Organization and Responsibilities of the Researchers 81
10.6 Project Description, Documentation and Reporting 81
10.7 Reconcile with Data Quality Objectives 81
11. REFERENCES 82
APPENDICES
Appendix A
Observed MDA8 Ozone Concentrations during 2014. Red indicates
ozone O71 ppb and yellow indicates ozone between 67 an:
Appendix B
Observed MDA8 Ozone Concentrations during 2016. Red indicates
ozone O71 ppb and yellow indicates ozone between 67 an:

TABLE OF TABLES

Table 1-1. Key participants and contact information for the NM
OAl Study. 24

Table1 -2.  Currents chedule for NM OAI Study. 25

Table 1 -3.  Current schedule for monthly webinars for the NM
OAI Study. 27



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

Table 3 -1. Maximum observed DMAX8 ozone conc entrations
and number of days ozone is above the 2015 ozone NAAQS
or between 67 and 71 ppb in the three geographic regions
of New Mexico and the 2014 and 2016 candidate modeling
years. 34

Table 4 -1. Lambert Conformal Conic (LCC) projection
parameters for the NM OAI Study 36/12/4 modeling

domains. 37
Table 4 -2.  Grid definitions for CAMx NM OAl Study 2014
36/12/4 -km modeling domains. 37

Table 4 -3.  Overview of routine ambient data monitoring
networks. 39

Table5 -1. WRF 36 level vertical layer structure for the NM OAI
study. This is the same WRF layer structure as used in
WAQS 2011/2014 WRF modeling. 43

Table 5 -2. Proposed NM OAIl 2014 WRF model configuration and
comparison with the WRF configuration used in the WAQS

2014 and EPA 2014/2015 WRF modeling. 48
Table 5 -3. Meteorological model performance benchmarks for

simple and complex conditions. 51
Table 6 -1. CAMx model configuration for the NM OAI Study. 60

Table 7 -1. Recommended benchmarks for photochemical model
statistics (Source: Emery et al., 2016). 63

TABLE OF FIGURES

Figure 1 -1. Trends in observed ozone DVs between 2013 and
2018 at 7 monitoring sites in New Mexico (Source:

https://www.env.nm.gov/air -quality/wp -
content/uploads/sites/2/2019/10/OAIl_Presentation_0 92620
19.pdf). 2

Figure 1 -2. 7 counties in New Mexico under the jurisdiction of
the NMED whose observed 2016  -2018 ozone DVs are at or
exceed 95% of the 2015 ozone NAAQS (70 ppb) (Source:

https://www.env.nm.gov/air -quality/wp -
content/uploads/sites/2/2019/10/OAI_Presentation_092620
19.pdf). 2

Figure 1 -3. 36 -km grid resolution 36US3 domain (green) and
12-km grid resolution 12US2 domain (red) used
2016 modeling platform. 7

Figure 1 -4. Contributions of geographic regions (including
Boundary Conditions) to the 2011 and 2025 ozone Design



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

Values at Desert View monitoring site in Dona Ana County
in Southwestern New Mexico. 10

Figure 1 -5. Contributions of Source Sector emissions within the
12/4 -km modeling domain to the 2011 and 2025 ozone
Design Value at Desert View monitoring site (top) and top
ten Source Group contributions (bottom). 11

Figure 1 -6. Contributions of major Source Sectors in New
Mexico to 2011 (top) and 2025 (bottom) ozone DVs at nine
monitoring sites in Southwestern New Mexico. 12

Figure1 -7. Trends in maximu m ozone Design Values in
Albuquerque from 2013 to 2018 (left) and 12 -km modeling
domain and source apportionment geographic regions
(right). 13

Figure 1 -8. Contributions to ozone in Albuquergue during the
June and July 2017 modeling episodes. 14

Figure 1 -9. Linear regression of the annual 4 " highest MDAS8
ozone concentrations and mean July through August
NCEP/NCAR Reanalysis 500 hPa (or 500 mb) heights for the
DM/NFR NAA region at the Rocky Flats North (RFNO)

monitori ng site for the years 1995 to 2018. 16
Figure 1 -10. Correlation between 500 hPa heights and elevated

0zone concentrations for monitor ing sites in the western

u.s. 17
Figure 4 -1.  NM OAI Study modeling 2014 36/12/4 -km PGM

and emissions modeling domains. 36

Figure 4 -2.  4-km New Mexico modeling domain for PGM and
emissions modeling, with locations of ozone monitors that
were operating during some portion of 2014. 36

Figure 5 -1. Cross -sections of layer interface heights over the
Rocky Mountains for the eta (left panel) and hybrid (right
panel) vertical coordinates for the WR F-Based Rapid
Refresh (RAP) model. Adapted from Park et al., (2018). 44

Figure 5 -2. Example Soccer plot of monthly temperature error
and bias (K) for 4 -km domain. 52

Figure 7 -1. Example Soccer Plots of MDAS (left) and hourly
(right) ozone bias (FB) and error (FE) performance using no
(top) and 60 ppb (bottom) observed ozone cut - off
concentration (Source: Ramboll and Alpine, 2017). 66

Figure 7 -2.  Spatial statistics plot of MDA8 monthly ozone model
performance for Normalized Mean Bias (NMB), AQS sites in
the Denver Metro/NFR NAA using no observed ozone cut - off
concentration and May (top left), June (top right), July

vi



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

(bottom left) and August (bot tom right) (Source: Ramboll
and Alpine, 2017). 67

Figure 7 -3.  Scatter plots and model performance statistics for
MDAS (left) and  hourly (right) ozone concentrations using
no (top) and 60 ppb (bottom) observed ozone cut - off
concentrations during the month of July (Source: Ramboll
and Alpine, 2017). 68

Figure 7 -4. Time series of predicted and observed (black) MDA8
0zone concentrations (top panel) and bias (bottom panel)
at Rocky Flats North (RFNO) for the preliminary 2011b1
(blue) and final 2011c (red) CAMx 4 km ba se case
simulations and the months of July (left) and August (right)
(Source: Ramboll and Alpine, 2017). 69

Vii



Ramboll

- New Mexico Ozone Attainment Initiative Pho

tochemical Modeling Study - Draft Modeling Protocol

ACRONYMS AND ABBREVIATIONS

3SAQS
AIRS
AMET
APCA
AQ
AQS
BC
BLM
CAMXx
CARB
CASTNet
CB6r2
CMAQ
CONUS
CPC
CSAPR
CSN
EC
ECMWEF
EGU
EIS
EPA
FB

FE
FRM
GCM
GEOS-Chem
GIRAS
IMPROVE
IWDW
LCP
LSM
MADIS
MATS
MCIP
MEGAN
MNGE
MNB
MNE
MOVES
MOZART
MPE
MSKF
NAAQS
NAM

Three - State Air Quality Study

Aerometric Information Retrieval System
Atmospheric Model Evaluation Tool
Anthropogenic Precursor Culpability Assessment
Air Quality

Air Quality System

Boundary Condition

Bureau of Land Management

Comprehensive Air -quality Model with extensions
California Air Resources Board

Clean Air Status and Trends Network
Carbon Bond mechanism version 6, revision 2
Community Multiscale Air Quality modeling
Continental United States

Center for Prediction of Climate

Cross State Air Pollution Rule

Chemical Speciation Network

Elemental Carbon Fine Particulate Matter
European Center for Medium Range Weather Forecasting
Electrical Generating Units

Environmental Impact Statement

Environmental Protection Agency

Fractional Bias

Fractional Error

Federal Reference Method

Global Chemistry Model

Goddard Earth Observing System (GEOS) global chemistry
Geographic Information Retrieval and Analysis System
Interagency Monitoring of PROtected Visual Environments
Intermountain West Data Warehouse

Lambert Conformal Projection

Land Surface Model

Meteorological Assimilatio n Data Ingest System
Modeled Attainment Test Software

Meteorology -Chemistry Interface Processor

Model of Emissions of Gases and Aerosols in Nature
Mean Normalized Gross Error

Mean Normalized Bias

Mean Normalized Error

Motor Vehicle Emissions Simulator

Model for OZone And Related chemical Tracers

Model Performance Evaluation

Multi - Scale Kain -Fritsch Cumulus Parameterization
National Ambient Air Quality Standard

North American Mesoscale For  ecast System

system

model

viii



Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

NCAR
NCEP
NCDC
NEI
NEPA
NH4
NMB
NME
NMED
NO2
NOz
NOAA
OA
OAl
oC
OSAT
PAVE
PBL
PGM
PM
PPB
PPM
QA

QC
RMP
RRF
SCC
SIP
SMOKE
SNMOS
SOA
SOz
SOq4
TCEQ
UNC-IE
USFS
VERDI
VMT
WBD
WAQS
WESTAR
WestJumpAQMS
WESTUS
WRAP
WGA
WRF

National Center for Atmospheric Research
National Center for Environmental Prediction
National Climatic Data Center

National Emissions Inventory

National Environmental Policy Act

Ammonium Fine Particulate Matter

Normalized Mean Bias

Normalized Mean Error

New Mexico Environmental Division

Nitrogen Dioxide

Nitrate Fine Particulate Matter

National Oceanic and Atmospheric Administration
Organic Aerosol Fine Particulate Matter

Ozone Attai nment Ini tiative

Organic Carbon Fine Particulate Matter

Ozone Source Apportionment Technology
Package for Analysis and Visualization

Planetary Boundary Layer

Photochemical Grid Model

Particulate Matter

Parts Per Billion

Piecewise Parabolic Method

Quality Assurance

Quality Control

Resource Management Plan

Relative Response Factor

Source Classification Code

State Implementation Plan

Sparse Matrix Kernel Emissions modeling system
Southern Ne w Mexico Ozone Study

Secondary Organic Aerosol

Sulfur Dioxide

Sulfate Fine Particulate Matter

Texas Commission on Environmental Quality
University of North Carolina Institute for the Environment
United States Forest Service

Visualization Environment for Rich Data Interpretation
Vehicle Miles Traveled

Wind Blown Dust model

Western Air Quality Study

Western States Air Resources Council

West - Wide Jump - Start Air Quality Modeling Study
Western United States

Western Regional Air Partnership

Western Governorsd Association
Weather Research Forecast model



Ramboll

11

- New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

| NTRODUCTION

This document is a Modeling Protocol and an informal Quality Assurance Project Plan
(QAPP) for the New Mexico  (NM) Ozone Attainment Initiative (OAI) Photochemical
Modeling Study ( ANM OA1 SThea Mew Mégxico Environmental Division (NMED)

has contracted with a team consisting of Western States Air Resources Council

(WESTAR) and Ramboll US Corporation to conduct the NM OAl Study. The NM OAI
Study leverage s the 2014 photochemical grid model (PG M) modeling platform
developed by the  Western Regional Air Partnership (WRAP) in the Western Air Quality
Study (WAQS) and enhances it by adding a 4 -km grid resolution modeling domain over
New Mexico. 2023 future year modeling , source apportionment and co ntrol measure
evaluation will be performed to assist the NMED in ozone air quality planning for the

state.

NM OAI Project Genesis

The NMED Air Quality Bureau has authority over air quality management activities

throughout the state of New Mexico, with the exception Bernalillo County and Tribal
Lands. The City of Albuquerque/Air Quality Division has authority in Bernalillo County

and, except for where Tribal Implementation Plans have been approved, EPA oversees

air quality issues in Tribal Lands. The New Mexico Air Quality Control Act (NMAQCA)
requires the NMED to develop a plan to address elevated ozone levels when air quality

is within 95% of the ozone NAAQS (74 -3-5.3, NMSA 1978 1). The ozone NAAQS was
revised in 2015 with a threshold of 0.070 pp m (70 ppb) with the relevant metric being
the ozone Design Value (DV) that is expressed as the three -year average of the fourth
highest Daily Maximum Average 8 -hour (DMAX8) ozone concentrations. Figurel -1
displays the trends in observed ozone DVs at 8 Ne w Mexico monitoring sites from 2013
to 2018 and compares them with the 70 ppb 2015 ozone NAAQS (red line) and 95% of

the 70 ppb NAAQS (i . e., O 67 ppb;2cdutiesiniNew i ne) .

Mexico under NMED jurisdiction with measured 2016 -2018 o0 zone DVs at or exceeding
95% of the 70 ppb ozone NAAQS, as shown in Figure 1 -1.

1 https://law.justia.com/codes/new -mexico/2017/chapter  -74/article -2/section -74-2-5.3/

2 8 total counties in New Mexico if you also include Bernalillo County whose air quality is under the jurisdiction of the City of Albuquerque

Thi
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NMED Ozone Monitoring Data by County

76.000
\ Dofia Ana
74.000 Eddy
72.000 - =
= ’ San Juan
% 68.000 - Sandowvat
£ Valencia
'5 66.000 -/ Santafe
(=]
64.000 | —_—
62.000 -{
60.000 - T . .
2011-13 2012-14 2013-15 2014-16 2015-17 2016-18
—&—Dona Ana ——Eddy —&—Llea —+—Rio Arriba —&—Sandoval
= 5an Juan —=—>5anta Fe =i=\alencia 7015 8-Hr 03 NAAQS =ssseOA| 95% Threshold
Figure 1-1. Trends in observed ozone DVs between 2013 and 2018 at 7
monitoring sites in New Mexico (Source: https://www.env.nm.gov/air - quality/wp
content/uploads/sites/2/2019/10/OAI_Presentation_09262019.pdf).
cotlo o Counties within 95%
o of the standard:
e u. i o San Juan (Navajo Lake, 70
ppb)
Guadalupe o Dofia Ana (several
Torrance .
monitors, 74 ppb)
o Eddy (Carlsbad, 74 ppb)
o Lea (Hobbs, 70 ppb)
o Rio Arriba (Coyote, 67 ppb)
o Sandoval (Bernalillo, 68
ppb)
o Valencia (Los Lunas, 67
*Parallel planning is occurring for ppb)
Bernalillo County through the
Albuquerque/Bernalillo County
Department of Environmental Health
1
Figure 1-2. 7 countiesin New Mexico under the jurisdiction of the NMED
whose observed 2016 -2018 ozone DVs are at or exceed 95% of the 2015

ozone NAAQS (70 ppb) (' Source: https
content/uploads/sites/2/2019/10/OAIl_Presentation_092620 19.pdf).

[lwww.env.nm.gov/air - quality/wp -
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To address the high observed ozone concentrations in New Mexico, the NMED has

embarked on an Ozone Attainment Initiative (OAI %) to protect the ozone attainment

status of the state and ensure health and welfare of the residents of the state for fut ure
generations. The OAIl was initiated in Spring 2018. As part of the OAI, NMED released

a Request for Proposal (RFP#20 667 4040 0001) the NM OAI Study . The NM OAI Study

PGM modeling was awarded to a contracting team of WESTAR and Ramboll. This
Modelin g Protocol is the first major deliverable under that contract

1.2 Overview of  NM OAI Study Modeling Approach

This Modeling P rotocol describes the modeling activitie s to be performed  undert he NM

OAIl Study . The NM OAI Study  will conduct PGM modeling by enhancing the

WRAP/WAQS 2014 modeling platform “touse a4 -km grid resolution domain covering

New Mexico and surrounding areas, especially the oil and gas (O&G) production regions

in the Permian and San Juan Basins. The NM OAI Study PGM modeling will cond uct

2014 base year modeling and model performance evaluation as well as 202 3 future

year modeling . The 2023 future year modeling will includ e ozone source apportionment

and control measure  sensitivity modeling. The NM OAI Study PGM modeling will be

conducted in accordance with EPAO&6s guidance for ozor
(SIP) attainment demonstration modeling.

1.2.1 EPA Guidance for Ozone Attainment Demonstration Modeling Protocols

A comp rehensive Modeling Protocol for an 8 -hour ozone SIP attainment demonstration
study consists of many elements. Its main function is to serve as a roadmap for
planning and communicating how a modeled attainment demonstration will be

performed before it occu  rs. The protocol guides the technical details of a modeling

study and provides a formal framework within which the scientific assumptions,

operational details, commitments and expectations of the various participants can be

set forth explicitly

On Nove mber 28, 2018 EPA released a final 8-hour ozone modeling guidance (EPA,

2018 d) that replaces the previous final guidance (EPA, 2007) and draft guidance (EPA,

2014 d). The EPA 2018 ozone modeling guidance is similar to the draft 2014 guidance

with updates (  e.g., slight modification to the recommended ozone DV projection

approach) . As stated in EPA6s | atest modep ilh)g gui dance (|

fiThe most important function of the modeling protocol is to serve as a blueprint

for planning how the modeled dem onstration will be performed. The protocol
should be a valuable communication device by which air agencies, EPA, and

other stakeholders can assess the applicability of default recommendations and
develop area -specific alternatives, where needed, prior to ¢ onducting the work
to build the modeling system. A suitable protocol should lead to extensive

participation by stakeholders in developing the demonstration. It should also

reduce the risk of spending time and resources on efforts that are unproductive

or i nconsistent with EPA rules, policy, and guidance. While the modeling protocol

2 https://www.env.nm.gov/air -quality/o3  -initiative/
4 http:/views.cira.colostate.edu/wiki#WAQS -2014 -Modeling - Platform
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is initially developed at the beginning of a modeling exercise to foster
communication, it is advisable to modify the document as needed throughout
the modeling process when alte rations from the original modeling plan are
necessary. Again, any changes to the protocol should be fully communicated
between affected air agencies, stakeholders, and the EPA. 0

1211 Contents of the Modeling Protocol

E P A 6-$iouBozone SIP modeling guidance ide ntifies specific fAcore el eme
should be part of any ozone SIP Modeling Protocol. T hese ficore elements 0 are

repeated below along with where they are addressed in this NM OAI Study Modeling

Protocol (EPA, 2018 d, pp. 15 -16):

I Overview of the air _quality issue being considered including historical
background : Chapter 1 provides an overview of ozone issues in New Mexico
including past and related ozone modeling studies for the region

9 List of the planned participants in the analysis and their expec ted roles : The
principal participants in the NM OAI Stud y are listed in Table1 -1 atthe end of
Chapter 1 .

I Schedule for completion of key steps in the analysis and final documentation :
The current schedule is presented in Tables1 -2and 1 -3 atthe end of Chapter1 .

I Description of the conceptual model for the area . The Conceptual Model of

ozone formation in the NM OAI Study is provided in Section 1.4.

9§ Description of periods to be modeled, how they comport with the conceptual

model, and why they are suffic ient : Chapter 3 presents the Episode Selection
and justifies the selection of the summer of 201 4 modeling period for the NM
OAI Study .

1 Models to be used in the demonstration and why they are appropriate . Model

selection and justification is presented in Chapter 2.

9§ Description of model inputs and their expected sources (e.g., emissions,
meteorology, etc.) : The source of data and description of the model inputs are
given in Chapters 4, 5 and 6.

I Description and justification of the domain to be modeled (expanse and
resolution) : Domain selection and justification is provided in Chapter 4.

9 Process for evaluating base year model performance (meteorology, emissions,
and air quality) and demonstrating that the model is an appropriate tool for the
intended use: The procedures for conducting the 201 4 base case photochemical
modeling and model performance evaluation is given in Chapter 7. Procedures
for conducting the meteorological modeling and evaluation are provided in
Chapter 5 . Emission inputs a re discussed in Chapter 6.

I Description of the future years to be modeled and how projection inputs will be
prepared : Future year modeling procedures are provided in Chapter 8.

I Description of the NAAQS attainment test procedures and (if known) planned
weig ht of evidence, and/or description of the procedures for calculating RPGs
from the modeling outputs, as applicable . The ozone attainment demonstration
procedures for the 2023 future years are described in Chapter 9 along with
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potential additional weight o f evidence (WOE) analysis to support the modeled
attainment demonstration.

9 Expected diagnostic or supplemental analyses needed to develop weight of
evidence analyses : Potential WOE analysis are described in Chapter 9.

 Commitment to specific deliverables f ully documenting the completed analysis
Deliverables to support the modeling component of the NM OAI Study are listed
atthe end of Chapter 9 with schedule for the deliverables listed in Tables 1 -2
and 1 -3.
I Quality Assurance Project P lan (QAPP) : Al t hough not part of EPAOGs

Modeling Protocol. Elements of a QAPP are contained throughout the Modeling

Protocol and in each process of the PGM database development. Chapter 10

discusses the contents of a QAPP and where they can be found in thi s Modeling
Protocol.

1.3 Related Studies

There are numerous other studies related tothe NM OAI Study whose results may
provide insight or provide data useful to the study that are summarized below

1.3.1 Historic EPA and More Recent EPA -MJO - States Modeling Platfo rms

EPA routinely develops national PGM modeling platforms that are used to evaluate the

air quality impacts of national rules , make transport assessments, such as the Cross -

State Air Pollution Rule (CSAPR %), or other regional air quality analysis, such as the

recent 2028 national regional haze modeling .5 The national PGM modeling platforms

typically coincide with the triennial National Emission Inventory (NEI ") years (e.g.,

2008, 2011, 2014). Below we discuss the current ( May 2020) st atus of EPAGs mor
recent national PGM modeling platforms.

2011v6.3 Modeling Platform . The EPA 2011v6.3 & PGM modeling platform is the result

of many years of development and refinements (e.g., v6.0, v6.1 and v6.2 9. It consists
of a base year 2011 meteorological conditions and emissions and three future year
emission scenarios: 2017, 2023 and 2028. It has been used in numerous EPA

rulemakings (e.g., CSAPR Update). As with the other recent EPA modeling platforms,
the 2011v6.3 modeling platform uses a 12 -km grid resolution continental U.S. (12US2)
modeling domain that is the red domain shown in Figure 1  -3.

2014v7.1 Modeling Platform : The EPA 2014v7.1 ° PGM modeling platform was used in
the 2014 National Air Toxics Assessment (NATA 11) m odeling. It also uses the 12 -km
12US2 modeling (Figure 1 -3, red domain ). 2014 was a relatively low ozone year in the
eastern U.S. so EPA did not pursue using the 2014 platform for national rulemakings

S https://www.epa.gov/csapr

© https://www.epa.gov/visibility/technical -support -document -epas -updated -2028 -regional -haze -mod eling

" https://www.epa.gov/air -emissions -inventories/national  -emissions -inventory -nei

8 https://www.epa.gov/air -emissions -modeling/2011  -version - 63 -platform

9 https://www.epa.gov/air -emissions -modeling/2011 -version -6-air -emi ssions - modeling - platforms

10 https://www.epa.gov/air -emissions -modeling/2014 -version -71 -platform

11 https: //www.epa.gov/national - air -toxics -assessment
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(except for the NATA)  develop ed a 2016 modeling platf  orm for ozone, PM 25 and
regional haze modeling.

2015 Alpha Modeling Platform  : EPA has made data available to model 2015 using data
based on the 2014v7.1 platform. However, a full 2015 PGM modeling platform was
never developed

2016 Modeling Platform : The EPA, Multi - Jurisdictional Organizations (MJO  s), and states

conducted a collaborative national emissions modeling platform %2 (2016 EMP) to
develop a 2016 emissions inventory of comparable or better qualityt han the NEI , with
projections to 2023 and 2028 . Separately, EPA developed a 2016 PGM modeling

platform that used the same 12 -km grid resolution continental U.S. domain used in

previous EPA PG M platforms (e.g., 2011) but added an expanded 36 -km grid resolution
36US3 domain as shown in Figure 1 -3. EPA has released several versions of their 2016

36/1 2-km PGM modeling platform s as follows:

 2016v7.1 Alpha 2 PGM platform was available in June 2019 and uses the 2016
EMP Alpha version emissions, which were based mainly onthe 2014 NEIv7.1
emissions ( called the 2016fd emissions scenario by EPA).

 The 2016v7.2 Beta ( called 2016ff by EPA) PGM platform use s the 2016 EMP
Beta version emissions 4 from the EPA/MJO/states emissions collaborative study.
The original 2016v7.2 Beta PGM platform was released in March 2019 through
the Intermountain West Data Warehouse (IWDW 15). EPA made some updates to
the 2016v7.2 PGM platform and used the 2016v7.2 Beta Prime ( called 2016fg
by EPA) modeling platform for their preliminary 2028 regional haze modeling.
Details on EPAG6s 2016v7.2 modeling platform are
Support Document (TSD  ; EPA, 2019 ).

I The final EPA 2016v1l ¢ (called 2016fh by EPA) PGM modeling plat form uses the
2016 EMP version 1 emissions 7 from the EPA/MJO/states emissions
collaborative study. It was released in November 2019 with updates to
Commercial Marine Vessels  (CMV) occurring in February 2020 and WRAP region
0O&G data, and is also available o n the IWDW. The 2016v1 inventory included
emission projections for 2023 and 2028.

12 hitp://views.cira.colostate.edu/wiki/wiki/9169

13 https://www.epa.gov/air -emissions -modeling/2016 -alpha -platform

14 http://views.cira.colostate.edu/wiki/wiki/10197

15 hitp:/iviews.cira.colostate.edu/iwdw/

16 https://www.epa.gov/air -emissions -modeling/2016vl  -platform

17 http://views.cira.colostate.edu/wiki/wiki/10202
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Figure 1-3. 36 -km grid resolution 36US3 domain (green) and 12 -km grid

resolution 12US2 domain (red) usedin E P A 62916 mode ling platform.

1.3.2 Denver Ozone SIP Modeling and Analysis

The Denver Metropolitan (DM) and North Front Range (NFR) ozone nonattai nment area
(NAA) has undergone several rounds of ozone SIPs to address attainment of a series of
ozone NAAQS s.

Denver 2003 EAC SIP__: The 2003 Denver Early Action Compact ( EAC) SIP modeling

performed 36/12/4/1.33 km photochemical modeling of the DM INFR NAA for a summer
2002 period using the meteorological based on the MM5 model (McNally, Tesche and
Morris, 2003) , EPS3 emissions and CAMx photochemical grid models. The 1.33 -km fine

grid was ultimately not used because of little improvement in model performance over
using a 4 -km resolution grid at the expense of high additional computational
requirements.  The Denver EAC SIP  developed an Ozone Action Plan 8 and

18 http://www.colorado.gov/airquality/tech doc_repository.aspx?action=open&file=EAC_SIP_031104 -agcc_DRAFT.pdf
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demonstrated that the region would attain the 1997 ozone NAAQS by 2007 (Morris et
al., 2004a,b,c,d)

Denver 2008 Ozo ne SIP : The 2008 Denver ozone SIP  *° modeling used the MM5
meteorological , SMOKE/CONCEPT emissions and CAMx photochemical grid models
(Morris et al., 2007) . The CONCEPT model was interfaced with link -based Vehicle Miles
Traveled (VMT) and other mobile sour ce activity data (e.qg., speeds, fleet mix, temporal
variations, etc.) from a Traffic Demand Model (TDM) operated by DRCOG, on -road
emission factors from the MOBILE6 model and hourly meteorological data from MM5 to
generate detailed on  -road mobile source em issions for the DMA. Other emission inputs
were generated using SMOKE. The MM5/SMOKE/CONCEPT/CAMx modeling system was
applied to the June -July 2006 period and used to demonstrate that the DMA/NFR region
would attain the 1997 8  -hour ozone NAAQS by 2010 (Morris et al., 2008a,b,c;
2009a,b ).

The 2008 ozone SIP 2006 modeling platform was also used to investigate
improvements to the modeling system (Morris et al., 2011) and evaluate the VOC/NOx
emissions inventory that suggested 2006 oil and gas emissions in Weld County were

understated (Morris, Tai and Sturtz, 2011).

Denver 2016 Ozone SIP: The 2016 Denver ozone SIP  ?° modeling addressed the 2017
attainment of the DM/NFR Moderate NAA under the 2008 ozone NAAQS (RAQC and

CDPHE, 2016). The 2016 ozone SIP used a 2011 36/12/4 -km modeling platform based
on the WRAP/WAQS modeling platform  available on the IWDW and adding a 4-km
domai n focused on Colorado (Ramboll and Alpine, 2015; 2016a,b; 2017).

The 2016 Denver ozone SIP 2011 36/12/4 -km modeling platform was used to conduct
additional future -year sensitivity modeling and other analysis in anticipation of the

requirements needed to at  tain the 2015 ozone NAAQS . These results were presented at
a November 2, 2017 Modeling Forum 2L and included the follow ing:

9 2017 local source contributions to ozone concentrations in the DM/NFR NAA;

9 Contributions of international anthropogenic emissions to 2 011 ozone
concentrations in the DM/NFR NAA; and

9 Preliminary 2023 ozone projections and sensitivity to VOC/NOx anthropogenic
emissions reductions.

Current Denver Ozone SIP 2020 and 2023 Attainment Demonstration Modeling . Current

Denver ozone SIP efforts are using a 2016 36/12/4  -km CAMx modeling platform based

inpat on EPA6s 2016v1l modeling platform with new WRF
a 4 -km domain covering Colorado added. The new Denver 2016 36/12/4 -km CAMx

platform will be used to demonstrated attai nment in 2020 to address the area as a

19 https://www.colorado.gov/airquality/documents/deno308/

20 https://raqgc.org/sip/moderate -area -2008 -8-hour -ozone -standard -state -implementation -plan/

21 https://raqgc.org/reports/?titlePost=Modeling+Forum

m
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Serious NAA under the 2008 ozone NAAQS and in 2023 to address the area as a
Moderate NAA under the 2015 ozone NAAQS.

1.3.3 West -wide Jump start Air Quality Modeling Study

The Western Regional Air Partnership (WRAP) initiated anew round of regional ozone
particulate matter, visibility and deposition modeling for the western U.S. starting with
the West -wide Jump start Air Quality Modeling Study (WestJumpAQMS 22: ENVIRON,
201 3). WestJumpAQMS perform  ed 36/12/4 -km modeling for the 2008 calendar year
with the 12 -km domain focused on the western U.S., and the 4 -km domain focused on
the states of CO, NM, UT and WY (ENVIRON and Alpine, 2012) . The WestJumpAQMS
was completed in September 2013 and ¢ alculated, among other things, the
contributions of transport to ozone in the Denver area and contributions of emissions

from Colorado (including Denver) to downwind ozone and PM 255 concentrations
(ENVIRON, Alpine and UNC, 2013). The 2008 base year from the WestJumpAQMS
platform was us ed in the development of the 3 - State Data Warehouse and Air Quality
Study, the predecessor to the Intermountain West Data Warehouse and Western Air

Quality Study, described next.

134 Intermountain West Data Warehouse and Western Air Quality Study

The WRAP Intermountain  West Data Warehouse (  |WDW 23) was developed to be a
repository and source of ambient air quality and modeling data that can be used by the

western states. The Western Air Quality Study (WAQS) develop ed 2011 PGM modeling
platforms to assess air  quality, visibility and deposition in the western states and was

used to populate the IWDW. The WAQS started by enhancing the WestJumpAQMS

2008 WRF/SMOKE/CAMx/CMAQ 36/12 km database and making it available through the
IWDW. WAQS then developed new 2011 W RF/SMOKE/CAMX/CMAQ modeling platforms
(Adelman, Shank ar, Yang and Morris, 2014; 201 6; Adelman and Baek, 2015 ) that was
also made available through the IWDW. IWDW is not only a source of modeling data,

but also includes data analysis and visualization tool s and is a repository of data from
other modeling studies.

1.35 Southern New Mexico Ozone Study (SNMOS)

The Southern New Mexico Ozone Study (SNMOS 24) conducted WRF meteorological,
SMOKE emissions and CAMx ozone modeling for a 2011 base and 2025 future year

using a 12/4 -km modeling domain, as shown in the right panel of Figure 1 -4. SNMOS
found that a vast majority of ozone in Southwestern New Mexico is due to ozone

transport from outside of New Mexico. For example, Figure 1 -4 (left panel) displays the
2011 and 2 025 ozone contributions to the ozone Design Value (DV) at the Desert View
monitoring site in Dona Ana County by geographic regions within the 12/4 -km PGM
modeling domain also shown in Figure 1 -4. Only 3 percent of the 2011 ozone DV at

Desert View is duet o anthropogenic emissions from New Mexico, and New Mexico

22 http://www.wrapair2.org/pdf/WestJumpAQMS_FinRpt_Finalv2.pdf
23 http://views.cira.colostate.edu/iwdw/

24 https:/lwww.wrapair2.org/SNMOS.aspx
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emissions contribute less than 2 percent of the projected 2025 ozone DV at Desert
View .

Regional Contribution
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2011 Contribution 2025 Contribution

Figure 1-4. Contributions of geographic regions (including Boundary
Conditions) to the 2011 and 2025 ozone Design Values at Desert View
monitoring site in Dona Ana County in Southwestern New Mexico.

The SNMOS 2011 and 2025 ozone source apportionment modeling also obt ained
contributions by Source Sector in addition to the four Source Regions depicted in the
left panel of Figure 1  -4. Figure 1 -5 displays the Source Sector contributions to the

2011 and 2025 ozone DV at Desert View monitor as well as the 10 highest Source

Group s (i.e., Source Sector emissions from Source Regions) contributions. On -road
mobile source s has the highest contribution to ozone DVs in both 2011 and 2025
(Figure 1 -5, top panel) , but that is mainly due to on -road mobile source emissions in
Texas a nd Mexico that are the two highest contributing Source Groups (Figure 1 -5,

bottom p anel).
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Sector Contribution
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Figure 1-5. Contributions of Source Sector emissions within the 12/4 -km
modeling domain to the 2011 and 2025 o zone Design Value at Desert View
monitoring site (top) and top ten Source Group contributions (bottom).

Figure 1 -6 examines the contributions of emissions from New Mexico to 2011 and 2025

ozone DVs at nine monitoring sites in Southeast New Mexico. With o ne exception, on -
road mobile source emissions are the largest contributing Source Sector in New Mexico

to 2011 ozone DVsin  southeastern New Mexico with the contribution at the Solano

monitoring site being higher than the others. The one exception is the Carlsbad
monitoring site in Eddy County where O&G emissions is the largest contributing Source

Sector in New Mexico  due to its close proximity to the Permian Basin . Although on -
road mobile source emissions are the largest contributor in 2011, it is al so the Source

11
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Sector whose New Mexico ozone contribution is reduced the most in 2025, by over a

factor of two. This is in contrast to O&G whose contri bution at the Carlsbad monitoring
site is projected to  increase between 2011 and 2025, although future ye ar projections
of O&G emissions are highly uncertain. In any event, by 2025 the SNMOS estimate

that on -road mobile, non -road mo bile and O&G Source Sectors in New Mexico will
contribute the most , with New Mexico EGU and non  -EGU point sources and other

anth ropogenic emission Source Sectors having relatively lower ozone contributions.

2011 DV Contributions from NM Anthro Emissions
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Figure 1-6. Contributions of major Source Sectors in New Mexico to 2011
(top) and 2025 (bottom) ozone DVs at  nine monitoring sites in Southwestern

New Mexico.
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1.3.6 City of Albuquerque Ozone Modeling Study

The City of Albuquerque conducted an ozone modeling study 25 for two episodes in
2017: June 12 -16, 2017 and July 3  -14,20 17. The purpose of the study was to better
understand the source of high ozone concentrations in Bernalillo County and what types

of control strategies, if needed, would be most effective at reducing ozone

concentrations in the County.

Figure 1 -7 displays the maximum ozone DVs in Albuquerque from 2013 to 2018 and

their relationship with the 80, 75 and 70 ppb ozone NAAQS. 2016 is a low point in the
ozone DV trend (~65 ppb) followed by increases so by 2018 the maximum Bernalillo
County ozone DV is atthe 20 15 ozone NAAQS.

The City of Albuquerque Ozone Modeling Study conducted WRF meteorological and
SMOKE emissions modeling  using a 12/4 -km CAMx ozone modeling database, with the
4-km domain covering New Mexico and the 12 -km domain covering the western states
(Figure 1 -7, right panel).

Ozone Design Values in Albuquerque
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Figure 1-7. Trends in maximum ozone Design Values in Albuquerque from
2013 to 2018 (left) and 12 -km modeling domain and source apportionment
geographic regions (right).

Ozone source apportionment was performed to determine the geographic regions

(Figure 1 -7, right) that contributed to elevated ozone concentrations in Albuquerque.

Figure 1 -8 displays the contributions to ozone concentrations in Albuguerque for the

June an d July episode s. Anthropogenic emissions from New Mexico contri buted 14%
and 24% to ozone in Albuquerque during the, respectively, June and Jul y 2017
episodes. And anthropogenic emissions from Bernalillo County accounted for up to

75% of the New Mexico ¢ ontribution.

25 https://www.cabg.gov/airguality/documents/06 -ken -craig -sonoma -technology -inc-ozone -modeling -presentation -10-17-2018 -aqcb - meeting.pdf
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1-8. Contributions to ozone in Albuquerque during the June and July
2017 modeling episodes.

short episodes were modeled,

so any conclusions are limited to those

conditions, the City of Albuquerque Ozone Modeling Study concluded as follows:

I Transport from outside of New Mexico is always important and accounts for over
half of the ozone in Albuquerque.

I Local emissions in Albuquerque and Bernalillo County are also impor tant with
half of the locally generated ozone d ue to on -road mobile sources in 2017.

9 On high ozone days for the two modeled episodes, contributions from major
power plants in northern New Mexico were small at sites in Albuquerque.

9 Impacts from man -made emi ssions in western states, including California, are
non - negligible.

I Ozone contributions from wildfire smoke were important for both episodes.

I Ason -road mobile source emissions are reduced, emissions from non -road a nd
non -mobile sources are becoming increa singly important. NOx emission
controls are more effective at reducing high ozone concentrations in
Albuquerque than VOC controls.

9 Ozone in Albuguerque is sensitive to emissions from O&G sources throughout
New Mexico.

Relationship Between Meteorology and Ozone in the Intermountain West
Region

Reddy and Pfister (2016) and CDPHE and RAQC (2016c) analyzed meteorological

factors that contributed to the interannual variability in midsummer ozone

concentrations focusing mainly on Utah and Colorado. They analyze d ozone and

14
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meteorology for July during 1995 -2013 and found several meteorological variables that
were able to explain the years with higher ozone formation conditions. The most

powerful meteorological variable for describing high ozone formation potentia I
conditions (i.e. ozone conducive conditions) was the height of the 500 hPa % pressure
level. The current Denver ozone SIP modeling study extended the analysis of

meteorology conducive to ozone formation and observed ozone trends analysis of

Reddy and Pfi ster (2016) and CDPHE and RAQC (2016c) to include the most recent

years (through 2018) and for summer -average conditions. Figure1 -9 shows the
relationship between summer -average 500 hPa heights and summer -average ozone at
the Rocky Flats North (RFNO) mon itoring site northwest of downtown Denver and the
years 1995 -2018, results for the other sites are similar.

Figure 1 -10 d isplays the correlation between elevated ozone concentrations and 500

hPa heights in the western U.S. and some of the sites in New Me xico are also weakly to
moderately correlated to the 500 hPa heights like the sites in Denver and Utah.

Elevated ozone at sites in northwestern New Mexico show less correlation with 500 hPa

heights as it is believed that the large point source NOx and oil and gas NOx and VOC
emissions in the region swamp the signal.

26 hPa is100 Pa where Pa is short for Pascal that is a unit of pressure where 500 hPa = 500 mb.
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Rocky Flats North
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Figure 1-9. Linear regression of the annual 4 ™ highest MDA8 ozone
concentrations and mean July through August NCEP/NCAR Reanalysis 500 hPa
(or 500 mb) heights for the DM/NFR NAA region at the Rocky Flats North

(RFNO) monitoring site for the years 1995 to 2018.
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Figure 1-10. Correlation between 500 hPa heights and elevated ozone
concentrations for monitoring sites in the western U.S. 21

The Four Corners Air Quality Task Force

The Four Corners Air Quality Task Force (FCAQTF) was convened by the states of New
Mexico and Colorado in 2005 and comprised of over 100 members and over 150 of
interested parties. Its goals were to address air quality issues in the Four Corners

region and consider mitigation options to reduce air pollution and acid deposition and
improve visibility in the region. They found that transport from outside of the region
was the largest contributor to ozone concentrations. Several large power plants and
0&G production in the San Juan Basin, as well as mobile sources, also contributed to
ozone in the region. The FCAQTF was completed in November 2007 with the release of
areport 28 that contained over 100 potential mitigation measures for reducing emissions
in the Four Corners region. The FCAQTF has been replaced by the Four Corners Air
Quality Group (FCAQG 29).

Other Studies
There are numerous other studies that may also be relevant to the NM OAI Study .

1 Summary of State Regulations Applicable to Oil and Gas Sources in the
WESTAR-WRAP Region ( PDF) and companion spreadsheet ( XLS)
1 Final Work Products - Low and High Emissions Scenarios

27 https://agupubs.onlinelibrary.wiley.com/cms/asset/192a6975 -cdlc -4bce -a20a -a2a049ca4df6/jgrd52767  -fig -0001 -m.png
28 https://www.env.nm.gov/wp - content/uploads/sites/2/2016/11/4CAQTF_Report_FINAL.pdf
29 https://www.env.nm.gov/air - quality/fcaqg/
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. WESTAR-WRAP region Future Year Oil and Gas Emission Inventories for
Two Additional Scenarios: Declined Vertical Wells and Increased
Horizontal Wells Memorandum
. Future Year Lower Scenario Inventory Spreadsheet
. Future Year Higher Scenario Inventory Spreadsheet

1 OGWG Projected Emissions from Baseline Year Emissions Inventory T October
11, 2019
. Final Report  (revised version of March 5, 2020) and Inventory

Spreadsheet f or t he AContinuation of Historical Tr
inventory. These data will be used in modeling and control analyses for
Regional Haze planning.
Il. State of Colorado projections methodology ( PDF) (January 2, 2020, data
are in cluded in Final Report and Inventory Spreadsheet above).
1 OGWG Baseline Year Alaska and Intermountain Region Emissions Inventory

revised final deliverables T Sept. 2019
. The Revised Final Report and Inventory Spreadsheet were completed in
mid - Sept. and posted on Sept. 23, 2019. These file s completely replace
the previously posted July 2019 report and spreadsheet, while the gas

profile information posted in July is unchanged. The July report and
spreadsh eet files have been removed to avoid confusion. The Revised
Final Report includes updates from the July postings to include the: 1)
Colorado O&G emissions based on new inventories provided by Colorado
Department of Public Health and Environment and Souther n Ute Indian
Tribe and 2) Williston Basin casinghead gas emission inventory to correct
emissions that were biased low based on EPA O&G Tool inputs.
1 OGWG Emissions Survey for State Air Agencies and O&G Operators
I Complete survey  (January 2019)
Il. Fleet turnover and controls  -focused survey (January 2019)

San Juan & Permian Basinsdé 0O&G 2014 Emission | nventc

The National Park Service (NPS) has conducted studies of visibility impairment and

nitrogen/sulfur  deposition at National Parks throughout the U.S. For example, t he
Rocky Mountain Atmospheric Nitrogen and Sulfur Study (ROMANS) stud ied nitrogen
deposition and potential mitigation scenarios at Rocky Mountains National Park ( RMNP).
RMNP studies have inc luded data collection, data analysis, modeling and the

development of a nitrogen deposition reduction plan. Details on the se activities can be
found at:

https:/ /www.colorado.gov/pacific/cdphe/rocky -mountain -national -park -initiative

http://www.nature.nps.gov/air/studies/romans.cfm

The Bureau of Land Management (BLM) has conducted several iterations o f the
Colorado Air Resource Management Modeling Study (CARMMS) using a CAMx 4 -km
modeling database with a4  -km grid resolution domain covering Colorado and
northwest New Mexico . Future year source apportionment modeling was conducted to
assess the ozone, PMe:s, visibility and sulfur and nitrogen deposition impacts at Class |
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http://www.wrapair2.org/pdf/WRAP_OGWG_GasComp_18Jul2019.pdf
http://www.wrapair2.org/pdf/WRAP_OGWG_GasComp_18Jul2019.pdf
http://www.wrapair2.org/pdf/WRAP_OGWG_Survey_SelectSrc_08Jan2019.xlsx
http://www.wrapair2.org/pdf/WRAP_OGWG_Survey_ControlsOnly_08Jan2019.xlsx
http://www.wrapair2.org/SanJuanPermian.aspx
https://www.colorado.gov/pacific/cdphe/rocky-mountain-national-park-initiative
http://www.nature.nps.gov/air/studies/romans.cfm
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and sensitive Class Il Area due to oil and gas and mining development on Federal lands
in Colorado and northern New Mexico

https://www.blm.qgov/sites/blm.gov/files/documents/files/program_natural%20resourc
es_soil%20air%20water airco_quicklins CARMMS2.0.pdf

New Mexico Conceptual Models for H igh Ozone Concentrations

There are three interrelated but distinct Conceptual Models of ozone formation within

New Mexico: southeastern New Mexico, Albuquerque and surro unding areas, and
northwestern New Mexico. They share the attribute that ozone transpo rt dominates

ozone concentrations on all days. Days with the highest local ozone formation are
typically hot summer days with slow winds and  without an excessive amount of
precipitation ( summer monsoon).

Southeastern New Mexico

Ozone at monitoring sites in southeastern New Mexico, including Dona Ana, Eddy and
Lea Counties, is dominated by ozone transport from outside of New Mexico. This

transport includes long  -range transport from the remainder of U.S. and global sources
(e.g., Asia) as well as medium -range transport from Texas and Mexico. Current year
on-road mobile source emissions tend to be the largest contributing Source Sector

within southwestern New Mexico and nearby areas, with non -road mobile and O&G
sources also contri  buting. With the exception of emissions from Mexico, the

contributions of Electrical Generating Units (EGU) and other large industrial point

sources tends to be smaller than the other Source Sectors.

The SNMOS discussed in Section 1. 3.5 provides more deta ils on the sources that
contribute to elevated ozone concentrations in southeastern New Mexico. It found only
3% of the 2011 ozone Design Value was due to emissions from New Mexico. Emissions

from nearby areas in Mexico and Texas contribute the most afte r long -range transport
of ozone.

City of Albuquerque

Ozone transport also dominate s elevated ozone conc entrations in and near the City of
Albu querque. The Albuquerque modeling study discussed in Section 1. 3.6 provides
details on source contributions, but sources within New Mexico contributed a large
fraction (e.g., 14% and 24%) to elevated ozone in Albugquerque with emissions from

Albuquerque contri  buting up to 75% of the New Mexico contribution. Emissions f rom
on-road and non -road mobile and state -wide O&G also have substantial ~ contribut ions.

Northwest New Mexico

Although ozone transport dominates ozone in the New Mexico Four Corners region,

there are significant contributions due to local power plan ts and O &G production in the
San Juan Basin. The FCAQTF identified numerous local control measures that could

mitigate elevated ozone concentrations in the region (see Section 1. 3.7).
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Overview of the Modeling Approach

The NM OAI Study will conduct photochemical modeling for a 2014 base and 2023
future year and perform 2023 ozone source apportionment and control strategy
sensitivity modeling.

Episode Selection

The May - August 2014 modeling period was selected as it has a high quality emissions
inventory with weste  rn state updates and has a PGM platform already developed from
the WRAP/WAQS regional haze modeling (see Chapter 3 for more details)

Model Selection

Details on the rationale for model selection are provided in Chapter 2. The Weather

Research Forecast (WR F) prognostic meteorological model was selected with the 4 -km
grid covering New Mexico . Emissions modeling will be performed using the Sparse
Matric Operator Kernel Emissions ( SMOKE) model for most source categories . The
Model of Emissions of Gases and Aerosols from Nature (MEGAN) willbe  used for
biogenic emissions and there are special processors for fires, windblown dust (wBD) ,
lightning NOx (LNOx) and oceanic sea salt (NaCl) and Dimethyl Sulfide (DMS)

emissions . The 2014 vers ion of the MOtor Vehicle Emissions Simulator ( MOVES2014 b)
on-road mobile source emissions model will be used with SMOKE -MOVES and WRF
meteorological data  to generate on -road mobile source emissions for the 4 -km New
Mexico and 12 -km western U.S. modeling do mains.

The Comprehensive Air -quality Model (  CAMXx) photochemical grid model (PGM) will be
used because it supports two -way grid nesting , includes a subgrid -scale Plume -in-Grid
module , contains a well -vetted o0zone source apportionment tool and hasaricha nd
successful history of application to the region

Domain Selection

The same 36 -km 36US and 12 -km 12 WUS2 modeling domains as used in the
WRAP/WAQS 2014 modeling will be used inthe NM OAI Study modeling. A higher

resolution 4 -km domain will be  added co vering New Mexico and adjacent areas. New
201 4 36/12/4 -km WRF meteorological modeli  ng will be conducted to provide the higher
resolution meteorological fields needed for the 4 -km New Mexico domain . Details on

the domain definition are presentedi n Chapter 4.

Base and Future Year Emissions Data

The 201 4 base year emissions data will be based on the WRAP/WAQS 2014v2

emissions thatwas inturn based onthe 2014NE |v2 with updates from western states

New emissions will be generated for natural emission sources (e.g., biogenic and LNOXx)
as needed. 2023 future year emissions will be mostly based on the EPA 2016v1

emissions (2023fh inventories). 2023 mobile source emissions will be created using

SMOKE-MOVES modeling with 2023 MOVES emission factor look  -up table and 2014
WRF meteorology. 2023 O&G emissions for the WRAP states will be based on the

WRAP 2023 O&G emissions. The 2014 and 2023 emissions for New Mexico will be
reviewed by NMED and update  d as needed .
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Emissions  Input Preparation and QA/QC

Quality assurance (QA) and quality control (QC) of the emissions datasets are some of
the most critical steps in performing air quality modeling studies. Because emissions
processing is tedious, time consuming and involves complex manipulation of many
different types of large databases, rigorous QA measures are a necessity to prevent

errors in emissions processing from occurring. The NM OAI Study modeling study will
perform a multistep emissions QA/QC approach as developed for the WRAP 2002

modeling (Adelman, 20 04) and foll owing the procedures in EPAO®s
guidance (EPA, 2018a, pp. 60) and Section 2.20 of tF
2018, pp. 94) . This includes the initial emissions QA/QC by the NMED of their

emissions for New Mexico aswell as QA/QC by the WESTAR/Ramboll team

Meteorology Input Preparation and QA/QC

The CAMx 201 4 36/12/4 -km meteorological inputs will be based on anew 2014 WRF
meteorological modeling conducted by the Ramboll . The new WRF 2014 36/12/4  -km
modeling will be ev  aluated against measured meteorological parameters in a model
performance evaluation. The 201 4 36/12/4 -km WREF output will be process  ed by
WRFCAMX processors to generate meteorological in puts for CAMx. Detailsonthe NM
OAI Study 2014 36/12/4 -km WRF modeli ng are provided in Chapter 5.

Initial and Boundary Conditions Development

Initial concentrations (IC) and Boundary Conditions (BCs) are important inputs to
PGMs. We intend to run approximately the firsttwo -weeks of May on the 36/12/4  -km
domains to spin  -up the model before  the first high ozone day in New Mexico (68 ppb on
May17). Thi s wi |l | A waéan8uenceoll tthee IGshbefore elevated ozone
concentrations occur in New Mexico

BCs for the 36 -km 36US domain will be based on a 2014 simulation of the GEOS -Chem
global chemistry model conducted by WRAP processed by the G C2CAMx converter . The
resultis day -specific diurnally varying BCs for the lateral boundaries around the 36 -km
36US modeling domain  (i.e., GCBC) . The top BC (TopCo n) will be based on a zero -
gradient assumption where concentrations above the top of the model (at 50 mb, or

~19 -km above sea level) are assumed to be the same as in the top vertical layer of the

model.

Air Quality Modeling Input Preparation and QA/QC

Each step of the air quality modeling will be subjected to QA/QC procedures. These

procedures include verification of model configurations, confirmation that the correct

data were used and were processed correctly and other procedures. Visualization of
model inputs are a critical component of the QA/QC process.

Model Performance Evaluation

The Model Performance Evaluation (MPE) will folow EPA6s MPE recommendati ons
their ozone modeling guidance (EPA, 2007; 2014 d; 2018a ) and other so urces (e.g.,
Simon, Baker and Phillips, 2012; Emery et al., 2016) and use many elementsin EPA

Region 8 6 #MPE checklist (EPA, 2015a). The CAMx 2014 36/12/4  -km base case
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simulation will focus on ozone and precursor model performance within the 4 -km New
Mexico domain.  Details on the MPE are provided in Chapter 7.

1.5.10 Diagnostic Sensitivity Analyses

Depending on the results of the CAMx 201 4 base case modeling and MPE, diagnostic
sensitivity tests may be conducted to try and improve model performance. The

definition of these diagnostic sensitivity tests will depend on the results of the initial

MPE. The WRAP/WAQS development of the CAMx 2014 36/12 -km modeling database
conducted numerous sensitivity tests 30 |eading to the final 2014v2 base case.

Under the NM OAI Study we expect most of the sensitivity tests to be conducted for the
2023 future -year where both emissions control strategy sensitivity and ozone sou rce
apportionment modeling is planned.

1511 Future Year Control Strategy Modeling

Future year modeling for ozone will be performed for the 2023 future year . A CAMx

2023 36/12/4 -km base case simulation will be conducted and projected 2023 ozone

DVs calculated. The proceduresto calculate projected 2023 ozone DVs will follow EPA 6 s
latest guidance (EPA, 201 8d). These procedures use the modeling results in a relative

fashion to scale the  current year observed 8 -hour ozone Design Values  (DVCs) to

project future ye ar ozone Design Values (DVFs) . The scaling factors are called Relative
Response Factors (RRFs) and are the ratio of the future -year to current -year modeling
results for the 10 highest base year modeled MDA8 ozone days near the monitoring

site. EPA has de veloped the Speciated Modeled Attainment Test (SMAT 31) tool that

includes the recommended procedures in the latest EPA guidance for projecting ozone
DVFs.
2023 f uture year control strategy sensitivity modeling will be performed. The future
year controls will be defined by the NMED.

1.5.12 Future Year Source Apportionment Modeling

2023 future year ozone source apportionment modeling will be conducted using the

CAMx Anthropogenic Precursor Culpability Assessment ( APCA) ozone source
apportionment tool. The WRAP 201 4 GEOS-Chem global chemistry  base case, ZROW
and NAT simulation will be processed to isolate the contributions of U.S. anthropogenic,
International anthrop ~ ogenic and natural sources to the BCs. Within New Mexico
contributions will be obtained for the major Source Sectors. A NM OAI Study 2023
ozone source apportionment plan will be developed and discussed with NMED.

1.6 Project Participants and Contacts

The NMED is leading the NM OAI Study that is being carried out by the contracting
team of WESTAR and Ramboll. Key participants in the NM OAI Study and their contact
information are provided in Table 1 -1.

30 http:/Iviews.cira.colostate.edu/iwdw/docs/wags_2014v1_shakeout_study.aspx

1 https://www.epa.gov/scram/photochemical -modeling -tools
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Table 1-1.Key participants and contact information for the

tochemical Modeling Study

- Draft Modeling Protocol

NM OA | Study

Organization Individual(s) [Roll] | Address | Contact Information
New Mexico Environmental Division (NMED)
Air Quality Bureau (AQB)
NMED Kerwin Singleton Planning Section Chief Bus: (505) 476 -4350
NMED/AQB Cell: (505) 669 -3371
525 Camino de los kerwin.singleton@state.n
Marquez, Suite 1 m.us
Santa Fe, NM 87505
NMED Bob Spillers NMED/AQB Robert.Spillers@state.nm.
525 Camino de los us
Marquez, Suite 1
Santa Fe, NM 87505
NMED Liz BusbyKuehn NMED/AQB Elizabeth.Kuehn@state.n
525 Camino de los m.us
Marquez, Suite 1
Santa Fe, NM 87505
NMED Mike Baca NMED/AQB michael.bacal@state.nm.
525 Camino de los us
Marquez, Suite 1
Santa Fe, NM 87505
Contractors (modeling team)
WESTAR Mary Uhl Executive Director Bus: (505) 930 -5197
[Project Manager] WESTAR Fax: (505) 954 -1216
3 Caliente Road #8 maryuhl@westar.org
Santa Fe, NM 87508
WESTAR Tom Moore WRAP Air Quality Bus: ( 970) 49-8837
[Co -Principal Investigator] Program Manager Cell: ( 970) 988 -4055
c/o CSU/CIRA tmoore@westar.org
1375 Campus Delivery
Fort Collins, CO
80523 -1375
Ramboll Mr. Ralph Morris Managing Principal bus: (415) 899 -0708
[ Co-Principal Investigator] Ramboll Cell: (415) 713 -2840
7250 Redwood Blvd., rmorris@ramboll.com
Suite 105
Novato, CA 949 45
Ramboll Marco Rodriguez Ramboll bus:(970) 237 -4332
[PGM Modeling Expert] 702 West Drake Road mrodriguez@ramboll.com
Building F
Fort Collins, CO 80526
Ramboll Tejas Shah Ramboll bus: (415) 899 -0735
[Emissions Modeling Expert] 7250 Redwood Blvd., tshah@ramboll.com
Suite 105
Novato, CA 949 45
Ramboll Jeremiah Johnson Ramboll Bus: (415) 899 -0752
[Meteorological Modeling Expert] 7250 Redwood Blvd., jjohnson@ramboll.com
Suite 105
Novato, CA 949 45
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Communicat ion

Frequent communication between the NMED and the WESTAR and Ramboll modeling
team and other potentially participants is anticipated. These communications will
include e -mails, conference calls and potentially face -to-face meetings.

Schedule

The task structure and  schedule forthe NM OAI Study key deliverables are shown in

Table 1 -2. The study will be con  tinuously documented with PowerPoint prese ntations
and other documents that will be presented to the NMED each month in a webinar

whose current schedule and topics are shown in Table 1 -3. After each webinar, and

with approval of the NMED, the presentation s will be posted to a NM OAI Study

webpage that will be hosted on the WRAP website. There are two formal reports for

the study: (1) a 2014 base case modeling and model performance evaluation report

prepared under Task 5 , with a draft report currently sche duled for deliver y in
September 2020; and (2) an Air Quality Technical Support Document (AQTSD) that
documents the entire study including the 2023 modeling prepared under Task 7 , With a
draft report  currently scheduled for deliver y in November 2020.

Table 1-2. Currents chedule for NM OAI Study

Task ’ Deliverable Date
1. Formal Modeling Protocol/QAPP and Work Plan
Kick - Off Conference Call Apr 2020
Draft Modeling Protocol/QAPP and Work Plan May 2020
Webinar PPT on final approach and project plan May 2020
Final Modeling Protocol/QAPP and Work Plan May2020
Response -to -Comments (RTC) Document May 2020
2. Base Year Meteorological Modeling (Met)
2.1 Evaluate Met Webinar PPT on WAQS 12 -km WRF MPE and May 2020
Modeling WAQS 12 -km PGM ozone performance in New
Mexico
2.2 Additional Met Webinar PPT on WRF 4 -km MPE in New Mexico Jun 2020
Modeling and Comparison with WAQS 12 -km WRF
2.3 Process Met Data PGM summer 2014 36/12/4  -km meteorological Jun 2020
inputs
3. Boundary Conditions (BC)
3.1 Evaluate BC Data Webinar PPT on WRAP/WAQS 2014 GEOS -Chem |Jun 2020

BCs and latest updates to GEOS  -Chem
4. Base Year (2014) and Future Year (2023) Emissions

4.1 & 4.3. 2014 and Webinar PPT on recommended sources for 2014 May 2020
2023 Emissions for4 -km |and 2023 emissions in the 4 -km New Mexico
New Mexico Domain domain
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Test

Task Deliverable Date
Webinar PPT and tile plots/excel spreadsheets Jun 2020
for selected 2014 and 2023 emissions for
sources inthe 4 -km NM domain
4.2 Mobile Sources
4.2.1 Evaluate Mobile Webinar PPT on options for 2014 & 2023 mobile Jun 2020
Emissions source emission inputs and
advantages/disadvantages
Webinar PPT on final 2014 & 2023 selected Jun 2020
mobile source emissions options
4.2.3 Prepare Mobile Webinar PPT on SMOKE -MOVES modeling to Aug 2020
Source Emission Inputs generate 2014 and 2023 mobile source emission
inputs for 4 -km NM domain
Model -ready 2014/2023 mobile source emissions Aug 2020
inputs
4.4 Biogenic/Natural Webinar PPT on biogenic and natural emission Jul 2020
Emissions modeling
Model -ready 2014 natural emissions inputs (Bio, Jul 2020
LNOX, Fires)
4.5 SMOKE Modeling Webinar PPT on SMOKE modeling 2014/2023 Aug 2020
anthropogenic emissions
Model -ready 2014/2023 anthropogenic Aug 2020
emissions inputs
4.6 FY Emissions Webinar PPT on FY 2023 SMOKE Aug 2020
Strategies control/strategies
Summary tables and tile plots of emissions for Aug 2020
2023 scenarios
5. 2014 Base Year (2014) Air Quality Modeling
Webinar PPT on final 2014 base case and MPE Sep 2020
Draft report on 2014 base case, MPE and Tasks Sep 2020
2-5
Final Report on 2014 base case, MPE & Tasks 2 Oct 2020
5
RtC on 2014 base case and MPE report Oct 2020
6. Future Year (2023) Air Quality Modeling
6.1 FY PGM Modeling Webinar PPT on FY 2023 PGM Modeling Oct 2020
Difference plots of FY -BY Ozone Concentrations Oct 2020
6.2 Modeled Attainment Webinar PPT on FY ozone DV projections Oct 2020
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Task Deliverable Date
6.4 FY Source Webinar PPT on FY Source Apportionment Nov 2020
Apportionment Modeling
Interactive Excel spreadsheets with Source Nov 2020
Apportionment modeling Results
6.3 FY Controls Webinar PPT on FT control strategy/sensitivity Nov 2020
Modeling Excel Spreadsheet of 2023 ozone DV projections Nov 2020
7. Air Quality Technical Support Document and Data Transfer
Draft Air Quality Technical Support Document Nov 2020
(AQTSD)
Final Air Quality Technical Support Document Dec 2020
(AQTSD)
RtC document on AQTSD comments Dec 2020
Data Transfer of BY and FY modeling databases Dec 2020
and results
Table 1-3.Current schedule for monthly webi nars for the NM OAI Study
Webinar No. | Webinar Topics by Task Date
1. 1. Modeling Protocol  and Work Plan May 2020
2.1 Evaluate Existing Met
4.1 Recommend 2014 and 2023 Emissions
4.2.1 Recommend 2014 & 2023 Mobile Source Emissions
2. 2.2 Additional Met Modeling Jun 2020
3.1 Evaluate BC Data
4.1 Summary of 2014 and 2023 Emissions
3. 4.2.1 Summary of 2014 and 2023 Mobile Source Emissions Jul 2020
4.4 2014 Natural Emissions Results (e.g., Biogenic and
LNOXx)
4. 4.2.3 2014 & 2023 S MOKE-MOVES Results for 4 -km NM Aug 2020
Domain
4.5 2014 & 2023 SMOKE Emissions Modeling Results
5. 4.6 FY Emissions Strategy Results Sep 2020
5. 2014 CAMx Base Case Modeling and MPE
6. 6.1 2023 CAMx Modeling Results Oct 2020
6.2 2023 Ozone Design Value Projections
7. 6.3 2023 Control Strategy Results Nov 2020
6.4 2023 Source Apportionment Modeling Results

27




Ramboll - New Mexico Ozone Attainment Initiative Pho tochemical Modeling Study - Draft Modeling Protocol

2. MODEL SELECTION

This section introduces the models to be used in the NM OAI Study. The selection

met hodol ogy presented follows EPA®&s guidance for rec
ozone attainment demonstrations (EPA, 2007; 2014 d; 2018d ) . Unli ke some of EF
previous o zone modeling guidance that specified a particular ozone model to be used

(e.g., EPA 6 4991 ozone modeling guidance  that specified the Urban Airshed Model

[UAM; Morris and Myers, 1990]), the EPA now recommends that models be selected for

ozone, PM2s and regional haze SIP modeling on a case -by-case basis (EPA, 2018d) .

The latest EPA ozone guidance (EPA, 201 8d) explicitly mentions the CMAQ and CAMX

PGMs as the most commonly used PGMs t heaiteraldul d sat i s
notes thatthisisn ot an exhaustive |ist and does not imply t
over other PGMs that could also be considered and used with appropriate justification.

EPAO6s omodelingguid ance lists several criteria for model selection that are

paraphrased as foll ows (EPA, 201 8d, pp. 24 -27):

9 It should not be proprietary;
9 It should have received a scientific peer review;

9 Itshould be demonstrated to be applicable to the problem on a theoretical
basis;
9 1t should be used with data bases which are available and adequat e to support

its application;
9 It should be shown to have performed well in past modeling applications;

9 It should be applied consistently with an established protocol on methods and
procedures;

f It should have a userds guide and technical desc

9 The av ailability of advanced features (e.g., probing tools or science algorithms)
is desirable; and

9 When other criteria are satisfied, resource considerations may be important and
are a legitimate concern.

For the NM OAI Study , we will use the same WRF/SMOKE/MOV ES2014/MEGAN/CAMXx
modeling system as used in many recent studies  and satisfies all the s  election criteria
above . The CAMx modeling system was used in the Western Regional Air Partnership

(WRAP) West -wide Jump Start Air Quality Modeling Study (WestJumpAQMS ; ENVIRON,
2011; ENVIRON and Alpine, 2012; ENVIRON, Alpine and UNC, 2013 ), Western Air
Quality Study (WAQS ; Adelman, Shank ar, Yang and Morris, 2014; 2016 ), EPAGSs
September 2019 Regional Haze modeli ng (EPA, 2019) and transport (CSAPR) modeling,
and for a se ries of Denver ozone SIP modeling [e.g., 2003 EAC SIP (Morris et al.,

2004c,b,c,d), 2008 SIP (Morris et al., 2007; 2008a,b,c) and 2016 SIP (Ramboll and

Alpine, 2016a,b; 2017a; RAQC and CDPHE, 2017)] so has a long history of
demonstrated success for simulat ing ozone concentrations in the western U.S.
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M eteorological Model

The Weather Research and Forecasting (WRF) Model is a mesoscale numerical weather
prediction system designed to serve both operational forecasting and atmospheric

research needs (Skamarock, 2004; 2006; Skamarock et al., 2005 ; 2008; 2019 ). The
Advanced Research WRF (ARW) version of WRF will be used in the NM OAI Study . It
features multiple dynamical cores, sophisticated data assimilation system, and a

software architecture allowing for computational parallelism and system extensibility.

WREF is suitable for a broad spectrum of applications across scales ranging from meters

to thousands of kilometers. The effort to devel op WRF has been a collaborative
partnership, principally among the National Center for Atmospheric Research (NCAR),

the National Oceanic and Atmospheric Administration (NOAA), the National Centers for
Environmental Prediction (NCEP) and the Forecast System s Laboratory (FSL), the Air
Force Weather Agency (AFWA), the Naval Research Laboratory, the University of
Oklahoma, and the Federal Aviation Administration (FAA). WRF allows researchers the
ability to conduct simulations reflecting either real data or ide alized configurations.
WREF provides operational forecasting a model that is flexible and efficient

computationally, while offering the advances in physics, numerics, and data

assimilation contributed by the research community.

WREF is publicly available,  has full documentation and has demonstrated success in
simulating meteorological conditions in New Mexico and Intermountain West (IMW) to
support PGM modeling  efforts in numerous studies (e.g., SNOMS, WRAP
WestJumpAQMS and WAQS, EPA national studies and m  ore recent Denver ozone SIPs

Emissions Models

Sparse Matrix Operator Kernel Emissions ( SMOKE )

The Sparse Matrix Operator Kernel Emissions ( SMOKE) is an emissions modeling

system that generates hourly gridded speciated emission inputs of mobile, non -road,
area, point, fire and biogenic emission sources for PGMs (Coats, 1995; Houyoux and
Vukovich, 1999 ; UNC, 201 9). Aswith most fiemissions models , &MOKE is principally
an emission processing system and not a true emissions modeling system in which

emissions estimates are simulated from fifirst principles . OThis meansthat, except for
mobile sources, its purpose is to provide an efficient, modern tool for converting an

existing base emissions inventory data that is typically at the county or point source

leve | into the hourly gridded speciated formatted emission files required by a PGM.
SMOKE will be used to prepare emission inputs for non -road mobile, non-point ( area)
and point sources. SMOKE performs three main function s to convert emissions to the
hourly g ridded emission inputs for a PGM: (1) spatial allocation, spatial allocates

county -level emissions to the PGM model grid cells typically using a surrogate

distribution (e.g., population); (2) temporal allocation, allocates annual emissions to

time of year (e.g., monthly or seasonally) and day -of -week (typically weekday,

Saturday and Sunday); and (3) chemical speciation, maps the emissions to the species

in the chemical mechanism used by the PGM, most important for VOC and PM 25
emissions.

).
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222 MOtor Vehicle Emis sions Simulator ( MOVE S)

The MOtor Vehicle Emissions Simulator ( MOVES2014b) i s EPAOG sroddanbbdest o n
source emissions model that was first released in July 2014 (EPA, 2014a,b,c).

MOVES2014 includes the latest on -road mobile source emissions factor information.

The NM OAI Study will use a version 2014b of MOVES (MOVES2014 b%?) with CB6

species that was released in August 2018.

2.2.3 SMOKE -MOVES

SMOKE-MOVES uses an Emissions Factor (EF) Look  -Up Table from MOVES, vehicle
miles travelled (VMT) and other activity data and hourly gridded meteorological data

(typically from WRF)  for t he base modeling year  and generates hourly gridded
speciated on -road mobile source emissions inputs. SMOKE -MOVES will be used to
generate on -road mobile source emissions for the 4 -km New Mexico domain using the
4-km WRF data developed in this study. Itw ill also be used to generate mobile source
emissions inputs for the 12 -km western U.S. domain.

224 Model of Emissions of Gases and Aerosols from Nature ( MEGAN )

Biogenic emissions w ill be generated using version 3 .1 of the Model of Emissions of

Gases and Aero sols from Nature ( MEGAN). MEGAN is the latest biogenic emissions

model that was originally  developed by researchers from the National Center for

Atmospheric Research (NCAR) and is currently supported by the University of California

at Irvine. MEGAN inclu des the full range of ozone and PM precursor species from
biogenic sources (Guenther and Wiedinmyer, 2004; Wiedinmyer, Sakulyanontvittaya

and Guenther, 2007). The NM OAI Study will use the latest version of MEGAN v3.1 that
includes more western states pla nt emissions data  that were implemented by WRAP
(Sakulyanontvittaya, Yarwood and Guenther, 2012) .

2.3 Photochemical Grid Model

23.1 Comprehensive Air - quality Model with extensions ( CAMXx )

The Comprehensive Air - quality Model with Extensions ( CAMXx; Ramboll, 2018a )isa
state -of-s ci enc e-Afi @a s p h multie-scale photochemical grid model capable of
addressing ozone, particulate matter (PM), visibility and acid deposition at regional ,
urban and local scale typically for periods ofa year. CAMx is a publicly avalil able open -
source computer modeling system for the integrated assessment of gaseous and

particul ate air pollution. Built on todayds under st e
complex, interrelated, and reach beyond the urban scale, CAMx is designed to (a)

simulate air quality over many geographic scales, (b) treat a wide variety of inert and

chemically active pollutants including ozone, inorganic and organic PM 25 and PM 10 and
mercury and toxics, (c) provide source -receptor, sensitivity, and process analyses and
(d) be computationally efficient and easy to use.

The U.S. EPA has approved the use of CAMx for numerous ozone and PM State

Implementation Plans througho ut the U.S. (including the Denver 2003 , 2008 and 201 6
ozone SIPs ) and has used this model to evaluate regional mitigation strategies

% hitps://nepis.epa.qov/Exe/ZyPDF.cgi_?Dockey=P100V7H1.pdf
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including those for most recent national transport  rules, such as the Cross -State A ir
Pollution Rule (CSAPR) and CSAPR Update . The mostrecent version of CAMX is Version
7.0thatwasusedin t he WRAP/ WAQS 2014v2 modeling and
Regional Haze modeling (EPA, 2019) . The latest EPA ozone guidance (EPA, 201 8d, pp.
24) explicitly mentions the CMAQ and CAMx PGMs as the most commonly used PGMs
that woul d sati sf gritdidPblitd sotes thdt thicid not@amexhaustive list

and does not imply that they are fipreferredo
considered and used with appropriate justification. EPA has conducted an analysis of

the appropriateness for using CAMx and CMAQ for single -source ozone and secondary
PMz.s modeling justifying their use (EPA, 2017c).

Final Justification for Model Selection
At the beginning ofthisCh  apt er we pr es ent e dfor Bdd sekectian(BPA, e r |

201 8d). The proposed WRF/SMOKE/MOVES/CAMx modeling system satisfies all of
these criteria as follows:

9 It should not be proprietary : The WRF 3, SMOKE 3*, MOVES ®*, MEGAN®%¢ and
CAMx3" models are all publicly available at no cost and can be downloaded from
their websites.

9 Itshould hav e received a scientific peer review . All the models considered have
been published in 100s of peer -review journal articles. The CAMx model has
been subject to their own peer -review reports 38 and an assessment by EPA that
they are suitable for ~ ozone SIP mo deling (EPA, 2018 d).

9 It should be appropriate for the specific application on a theoretical basis . The
WRF model was designed to simulate time varying three -dimensional
meteorological fields and provide all the meteorological information necessary
for ozo ne modeling. The SMOKE, MOVES and MEGAN models provide the hourly
gridded speciated emissions information required for ozone modeling. And the
CAMx model w as designed to have all the processes necessary to simulate
ozone formation in the troposphere.

I It _should be used with data bases which are available and adequate to support
its application : The procedures outlined for the development of the 201 4
modeling platform to support ozone modeling of New Mexico use databases that
are adequate to support the meteorological, emission and photochemical model
applications.

9 It should be shown to have performed well in past modeling applications . The
WRF/SMOKE/CAMx modeling system has a demonstrated history in simula ting
ozone formation in the western U.S. in general and New Mexico in particular.

CAMx was used inthe  New Mexico EAC SIP, FCAQTF, CARMMS, WRAP WAQS %

33 https://www.mmm.ucar.edu/weather -research -and -forecasting -model
34 https://www.cmascenter.org/smoke/

35 https://www.epa.gov/moves

36 http://lar.wsu.edu/megan/

37 http://www.camx.com/

38 https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/1399874

39 http:/Iviews.cira.colostate.edu/tsdw/
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and WestJumpAQMS 4, and Denver ozone SIP modeling, including the 2008 4
and 201 642 Denver ozone SIPs.

I It sho uld be applied consistently with an established pro tocol on methods and
procedures : The NM OAI Study WRF/SMOKE/CAMXx application methodology
follows the established procedures used in the past (e.g., see studies discussed
above) with enhancements ( i.e., 4 -km New Mexico domain and use of latest
model versions).

T Lt shoul d h aguie andtecnial description . Each of the models
cited has a technical description and procedures for application (see websites in
footnotes). The CAMx model has an up -to-date and comprehensive use
(Ramboll, 2018a) that has a detailed technical description and procedures for
application.

9 The availability of advanced features (e.q.. probing tools or science algorithms)
is desirable : One of the reasons for select ing CAMx is due to the availability of
advanced features such as the Plume -in-Grid module and Ozone Source

Apportionment Technology (OSAT  /APCA) in addition to  latest science updates
(e.g., CB6 chemistry and Decoupled Direct Method).

I When other criteria are satisfied, resource considerations may be important and

are a legitimate concern __: CAMx is computationally efficient and support s both
MPIl and Open MP multi -processing approaches and allows for layer collapsing
CMAQ does not support OpenMP or allow for | ayer collapsing so runs over 1.5

times slower than CAMX.

40 http://wrapair2.org/WestJumpAQMS.aspx
41 https://www.colorado.gov/airquality/documents/deno308/

42 https://raqc.org/sip/moderate -area -2008 -8-hour -ozone -standard -state -implementation -plan/
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3. EPISODE SELECTION

E P A éusrent and past 8-hour ozone modeling guidance (EPA, 2007; 2014d;?2018d )
contains recommended procedures for selecting modeling episodes for demonstrating
attainment of the ozone NAAQS. The NM OAI Study modeling will use the  summer of
201 4 asthe base year modeling period because it is representative of high ozone
conditions and has available modeling databases to leverage for the analysis

3.1 Candidate Year fo r Modeling Episodes

Given the need to leverage an existing photochemical grid model (PGM) modeli ng

platform for the NM OAI Study , there are only two candidate years for episode

selection, 2014 and 2016. The WRAP/WAQS has developed a PGM modeli ng platfor m

for the 2014 year and the EPA/MJO collaborat ive emissions study and EPA have built a

PGM modeling platform for 2016. EPA6s previous PGM
which is too old. And EPA is working on a new PGM modeling platform for 2017 that is

not yet available.

3.2 EPA Episode Selection Criteria

E P A 6-houiBozone SIP modeling guidance (EPA, 20 18d) identifies specific criteria to
consider when selecting one or more episodes for use in demonstrating attainment of

the 8 -hour ozone NAAQS. This guidan  ce builds off the 1  -hour ozone modeling guidance
(EPA, 1991) and the original (EPA, 2007) and revised draft (EPA, 2014d) 8-hour ozone
modeling guidance thatrecommends selecting multiple episodes representing diverse
meteorological conditions that lead to exceedances of the ozone NAAQS in the region
under study . Forthe NM OAI Study , an entire summer ozone season will be modeled

to capture awide range of differenttype s of meteorological and emission conditions

that lead to observed ozone high ozone concentrations at monitoring sites in New
Mexico .

Below we addresseachof EPAOs episode sel ecti 8nppclr9) andtheé a ( EP A,
justification for using the summer 2 014 modeling period for the NM OAI Study.

3.2.1 Modela Time Periodthat Correspondsto a Y ear with an Available National

Emissions Inventory (NEI) and has Air Quality and  Meteorological Data

Available

NEI 6s are prepared every t hr ee ptlgavailable NEISTaredor most r e c €
the 2011 and 2014 years. The 2017 NEI is in preparation and a usable version is not

yet available.  Thus, the 2014NElI is the latest NEI available.

3.2.2 Model Time Periods in which Observed Ozone Concentrations are Close to the
Appropriate  Base Year Ozone Design Value S.

Appendix A presents the observed MDA8 ozone concentrations at monitoring sites
within the proposed 4  -km New Mexico domain including those in New Mexico (FIP State

Code =35). Observed DMAX8 ozone concentrations that exceed the 2015 ozone
NAAQS are colored red. And ozone values that are above approximately 95% of the
2015 ozone NAAQS but below the ozone NAAQS (i .e., 61
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The number of 2015 ozone NAAQS exceedances
higher) and between 67 and 71 ppb i n the three main geographic regions
Mexico are shown in Table 3

(ifel., 71 ppb or

in New

For southeast New Mexico (e.g., Dona Ana County), the peak ozone in 2016 (79 ppb) is

higher than in 2014 (76 ppb), but there are many more ozone exceedances days in

2014 (8) than 20 16 (3). Both potential candidate modeling years have comparable
levels to the observed highest 2014 -2016 ozone DV in southeast New Mexico (74

ppb). The highest 2014

County. Both candidate modelin

-2016 ozone DV in northwest New Mexico is 70 ppb in San Juan
g years have a highest observed MDAS8 ozone i
and 2016 of 69 ppb and two days per year with ozone between 67 and 71 ppb.

n 2014

Finally , for Bernalillo and Valencia Counties 2016 has a higher peak ozone than 2014
n 67 and 71 ppb (5 vs. 3 days per

(70 vs. 68 ppb) and more days per year betwee

year).

Table 3-1.Maximum observed DMAX8 ozone concentrations and number of
days ozone is above the 2015 ozone NAAQS or between 67 and 71 ppb in the
f New Mexico and the 2014 and 2016 candidate

three geographic regions o

modeling years.

, Max Ozone Days O 71 ppb Days O 67 ppb
NM Region
2014 2016 2014 2016 2014 2016
NM All Sites 76 79 8 3 24 27
Albuquerque @ 68 70 0 0 3 5
Southeast NM 76 79 8 3 21 22
Northwest NM 69 69 0 0 2 2

The Albuquerque geographic region in this table included Bernalillo and Valencia

Counties.

Episode Selection

Based on the above analysis

modeling, because:

1 2014 has a PGM modeling database developed by the WRAP/WAQS.
It corresponds with a NEI emissions year.

= =4 4 A

Conclusions

, the May - August summer season of 2014 was selected for

The oz one air quality is comparable to current ozone DVs.

The 2014 emissions have been reviewed and updated by the western states.

It has more ozone exceedance days (8) than the other candidate year (3).
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4.1

MO DELING DOMAIN SELECTION AND DATA

AVAILABILITY
This Chapter summarizes the definition of the horizontal modeling domain s for the NM
OAIl Study PGM modeling. This includes the map projection, domain coverage , grid

resolution and grid nesting. As the vertical structure of the PGM model will be defined
based on the vertical structure of the W RF meteorological model, it is discussed in
Chapter 5. This Chapter also discusses emissions, aerometric and other data available
for use in model input preparation and performance testing.

Horizontal Domain

The NM OAI Study modeling will use the same 36 -km 36US and 12 -km 12 WUS2
domains as used inthe ~ WRAP/WAQS 201 4 modeling platform . A 4-km New Mexico
domain will be added to the 36/12 -km domain structure. Figure 4 -1 displays the
36/12/4 -km domain structure with Figure 4 -2 showing the 4 -km New Mexico dom ain.
New WRF 201 4 36/12/4 -km meteorological modeling will be conducted to generate

finer scale 4-km meteorological conditions for the New Mexico domain and consistent
meteorology among the 36/12/4 -km domains.

CAMXx will be run using the 36/12/4 -km domain structure shown in Figure 4 -1 using
two -way interactive grid nesting.
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Figure 4-1. NM OAIStudy modeling 201 4 36/12/4
modeling domains.

-km PGM and emissions

Figure 4-2. 4-km New Mexico modeling domain for PGM and emissions
, with locations of ozone monitors that were operating during some
portion of 201 4.

modeling
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