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Background

® Future Ozone standards could result in many areas in
western U.S. being nonattainment

® \Western Regional Air Partnership (WRAP) has initiated
the West-wide Jump Start Air Quality Modeling Study
(WestJumpAQMS) to:

— Initiate next generation of regional technical analysis for ozone
planning in the western U.S.

— Continue work conducted at the WRAP Regional Modeling
Center (RMC) and leverage recent air modeling studies

— Provide a preliminary assessment of the role of ozone transport
to elevated ozone concentrations across the West
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Background

® Contracting team of ENVIRON, Alpine Geophysics and UNC IE
® WestJumpAQMS Website with products to date
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WestJumpAQMS

The Western Governors’ Association (WGA), on behalf of the Western Regional Air Partnership (WRAF), is coordinating state, local, and federal agency involvement in a large regional
2008 baseline year air quality modeling study called the West-wide Jumpstart Air Quality Modeling Study (WestlumpAQMS). The study is supported by three expert technical contractors
to WGA and western public air quality and land management agendes for the study. The WGA prime contractor is ENVIRON International Corporation (ENVIRON), with Alpine Geophysics
and the University of North Carolina - Chapel Hill as subcontractors. The objectives of the WestlumpAQMS are as follows:

Click to expand |
WestJumpAQHMS - Modeling Materials

Final WestJumpAOMS Modeling Protocol and Source Apportionment Design document, May 1, 2013

Draft Modeling Protocol Response-to-Comments document, May 1, 2013

Final Review Draft - WestlumpAQMS Modeling Protocol and Source Apportionment Design document, October 19, 2012

Final WestJumpAQMS Modeling Plan, January 23, 2012

Draft Modeling Plan Response-to-Comments document, January 23, 2012

WestJumpAQHMS - Emissions Materials
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WestlumpAQMS Completed Tasks
(today’s topic)
® \WRF Application/Evaluation ® CAMx 2008 36/12 km Base Case
® 2008 Oil and Gas Emissions — Model Performance Evaluation

Update ® CAMx 2008 State-Specific
® 16 Emissions Summary Ozone Source Apportionment
Memorandums Modeling
e SMOKE Emissions Modeling — Preliminary Results and Refined
Results

® CAMx Model Input

® CAMXx 2008 State-Specific PM
Development

Source Apportionment
® Calculate Basin-wide WRAP Modeling

Phase Il O&G EFs for use in e MOZART vs. GEOS-Chem BCs
2011 NEI . _

® Final Report Outline

® Next Steps
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WestJumpAQMS Ongoing Tasks

® CAMx 2008 Source-Category-Specific Ozone and PM Source
Apportionment Modeling

® CMAQ 2008 Base Case Modeling
— CMAQ and CAMx Model Performance Comparison

® CAMx 4 km Impact Assessment Domain (IAD) Inputs
— Western Colorado Air Resource Management Modeling Study (West-CARMMS)
® Data Transfer to Three State Data Warehouse (3SDW)

— Data lives on!

® Final Report and One more Webinar

— Webinar in late August: Source category-specific ozone and PM source
apportionment; final report; wrap up




GEEE

ENVIRON

36 km CONUS; 12 km WESTUS &
4 km IMWD processing domain
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Summary of CAMx 2008 36/12 km Inputs

® \WRF 2008 36/12 km Meteorology
® MOZART Global Model Boundary Conditions

® 2008 Base Case Emissions

— WRAP Phase Il 2008 Oil and Gas Emissions
= 2008 NEI O&G outside of WRAP Basins

— MEGAN Biogenic Emissions
— Hourly CEM for Electrical Generating Units (EGUs)
— 2008 National Emissions Inventory (NElv2)

— Fire INventory from NCAR (FINN) [Base08a&b]

— DEASCO3 Fire Emissions (Base08c)
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CAMx 2008 36/12 km Base Cases

® Base08a — FINN Fires -- May, Jun and Jul 2008
® Base08b — FINN Fires — 2008 36/12 km Annual

— Correct double counting of SUIT O&G emissions
(Southwest CO) from WRAP and 2008 NEI

® Base08c — DEASCO3 Fires (WF, Rx & Ag) — 2008
36/12 km Annual

— Correct O&G county swapping

— Model performance evaluation

" ozone, PM, . and speciated PM, . (SO4, NO3, NH4, EC, OA,
Soil and OPM2.5)

" 36 km CONUS and 12 km WESTUS domains and by western
state | T \
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Summary Base08c CAMx PM Performance
® Daily maximum 8-hour ozone performance mostly good

— Some overestimation bias, but within Performance Goals

® Operational difference in speciated PM species
definitions in modeling vs. monitoring

— For example, Other PM, . (OPM2.5) overestimation

® |n general fairly good model performance for PM, ., SO,,
NH, and EC
® NO3 underestimation in summer

— Summer NO; concentrations very low, better NO; performance
in winter when NO3 concentrations higher

® OA is underestimated, especially in summer

— Missing emissions (SVOC) and I\/Ieasurement uncertainties
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Ozone and PM Source Apportionment Modeling

® 2008 Base Case emissions scenario
® State-Specific Source Apportionment

— Source Regions: Western States

— Source Categories: Natural (Biogenic, Lightning, Sea Salt and
WBD), Fire (separately for WF, Rx, AG) and Anthropogenic

— CSAPR-type transport analysis

= Examine upwind state anthropogenic (Anthro+Rx+Ag) contribution to
downwind state ozone and PM, . Design Values (DV)

— Spatial extent of state contributions to high ozone (15t and 4th
Highest DMAX8) and PM, . (8" Highest 24-Hour)

= For example, maximum state ozone contribution to daily maximum 8-
hour ozone > 76, 70, 65, 60 and 0 ppb
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State-Specific Source Apportionment

21 Source Regions
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MATS Unmonitored Area Analysis (UAA)

® Default MATS calculates current year Design Value (DVC)
using an average of three Design Values

— Design Value (DV) is defined as the three year average of the
fourth highest daily maximum 8-hour ozone (DMAX8)

— MATS DVC defined as avg of 2006-8, 2007-9 & 2008-10 DVs

® MATS UAA interpolates 0

DVCs across domain using Eoes AN e N
observed DVCs at E — /\\\ /\Q
monitors and modeled / \\ N
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Areas with DVC 2 76

“
&

2006-2010 MATS UAA
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2006-2010 MATS UAA: Areas DVC 2 70 ppb

2008
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2006-2010 MATS UAA: Areas DVC 2 65 ppb

2008
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120.0
100.0
90.0
85.0
80.0
76.0
70.0
65.0
60.0
65.0
40.0

ppb
15



ENVIRON
2006-2010 MATS UAA: Areas DVC 2 60 ppb

2008
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CSAPR-type Ozone Contribution Analysis

State-Specific Anthropogenic (Anthro+Rx+Ag)
contributions to 8-hour ozone Design Value (DVs)

Model Attainment Test Software (MATS) to project
current DVs without a selected state’s contribution

— Use relative change in model results to scale observed current
year DV (DVC) in absence of a state’s anthropogenic emissions

— Difference is state’s ozone contribution at each ozone
monitoring site

As in CSAPR, use two sets of DVCs
— AvgDVC = Average of 2006-2008, 2007-2009 & 2008-2010 DVs
— MaxDVC = Maximum of 2006-08, 2007-09 & 2008-10 DVs

CSAPR used S|gn|f|cant contrlbutlon threshold of 1% of
the NAAQS v TN

ENVIRON
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2008 36/12 km State-Specific Analysis

® Example CSAPR-type Analysis using current (March 2008)
0.075 ppm ozone NAAQS
— Also looking at 70, 65 and 60 ppb potential future NAAQS

® 136 ozone monitors in 12 km WESTUS domain with
AvgDVC exceeding NAAQS (76 ppb or higher) [86 sites
(63%) in CA]

® For 17 upwind western states examine 2008 contribution
to ozone Design Values at ozone monitoring sites in
downwind states

® This analysis is for 2008 and is not a regulatory analysis
that would have to examine a future year

18
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2008 CSAPR-type Analysis for 0.075 ppm O; NAAQS
Number of sites with State contribution to DV = 0.76 ppb

i (ppb)

AZ 24 1.23
CA 18 16.65

WY 5 1.53
ND 0 0.12

co o 0.51 T T R
KS 4 8.95 o T
D 2 1.02 NV 20  1.28
MT 0 0.18

UT 5 2.53
TX 6 10.17
NM 2 0.82

OK 18 6.52
OR 25 1.13
WA ] 1.03

19
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State-Specific CSAPR-Type Ozone Analysis

® [nteractive Excel spread sheet to display upwind
“State” contributions to DMAX8 ozone Design
Values at maximum monitor in up to five
downwind states (Appendix B in Final Report)

— Can select an upwind “State” and level for the
"NAAQS”

— Spreadsheet will display AvgDV and MaxDV at
maximum monitor in a downwind State and “State”
contribution to the DV when:

= MaxDV > “NAAQS”
= “State” contribution > 0.01 x “NAAQS” (1% of the NAAQS)

20
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State-Specific Ozone Contribution Spreadsheet

® Pjvot Table controlled by Cells B1, B2 and B3

— B1 = Upwind Source “State” for DVCs; B2 = “NAAQS”; B3 =
Upwind Source “State” for DVC Contributions

EN™ A=A Appendix B_CSAPR_03 5 States.xlsx - Microsoft Excel |
pp
Home Insert Page Layout Formulas Data Review View Acrobat [A] e o B E3
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n 53 copy ~ e . L | Fill = H
Paste JFurmat - B 7 U- - | By A - = @ Merge B Center - | $ = % v | %8 5% FCondlS:_onal Ft.:[rrglat st?-\e” Insert Delete Format & Clear ~ é'?trt& SFlrl'ldd&
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B4 - F | Nevada v
A B c D E F G H I J K L M N 0 P Q R =
1 Source State MNEVADA NV E
2 Threshold (ppb) 76| 0.76|
3
4 Impact from |Nevada - No. |Site EVA Background AZ CA co [v] KS MT ND NE NM NV C
5 = 1|cA_Inyoo101 Avg 76.67 59.32 0.48 14.66 0.05 0.08 0.01 0.01 0.01 0.01 0.12 1.27 0.
NEW MEXICO - v b b b b b v b b F r F F
6 NORTH DAKOTA 1 Max 81.00 62.67 0.51 15.49 0.05 0.08 0.01 0.01 0.01 0.01 0.13 1.34 0.
7 gR'QE‘E‘;%%MA K 2|UT_salt Lake3006 | Avg77.00 58.25 0.56 2.16 0.22 0.82 0.05 0.15 0.02 0.07 0.24 1.12 0.
3 SOUTH DAKOTA | | 2 Mmax78.00 [ 5901 [ o057 [ 218 [ 022 [ o8 [ o005 [ o0as [ o002 [ o007 [ 02a [ 113 [ o
3 s 4 3|aZ_Maricopad706 | Avg75.67 | 4321 25.56 3.90 0.14 0.02 0.03 0.01 0.01 0.02 0.62 0.99 0,
10 3 [maxs0.00 [ 4568 [ 2702 [ 212 [ o1a [ o002 [ 003 [ 001 [ oma [ o002 [ oes [ 10s [ o
11 4|co_Jefferson0006 | Avg82.00 58.98 0.76 1.89 12.96 0.43 0.03 0.06 0.01 0.15 0.39 0.77 0.
12 a [Maxs6.00 [ 6186 | 080 [ 199 [ 1465 [ 046 [ 003 [ o006 [ oma [ 015 [ oar [ o8 [ o
13 5 H#NSA #N/A i #NSA i #NSA i #N/A i #N/A i HN/A i HN/A i H#NSA i #N/A i #N/A i #NSA i #N/A [ #
14 5 #N/A #NJA #NJA #NJA ENJA H#N/A H#N/A #NJA #NJA #NJA #NJA #NJA #
15
16 States' Contributions to Top 5 States Surrounding NEVADA, where DV is at or above 76.0 ppb Threshold wy Nevada's Contributions to T
17 WA
18 100.00 T 1.60
19 @
90.00
el - D 1.40
21
» 80.00 - OR
S 1.20
2 70.00 o
24 — NV
5 o0 E = = B B = o 100 .
W 4 » v| Plot DB MATS configurations - Ref %2 (4] [ |
Ready | N
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Excel Spreadsheet Demonstration

® Appendix B
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State-Specific Ozone Foot Prints

® Spatial distribution of state’s ozone contribution to
DMAXS8 ozone concentrations greater than or equal to:

— 76 ppb (current NAAQS)

— 70 ppb; 65 ppb and 60 ppb (potential future NAAQS)

— 0 ppb (highest contribution in year)
® Two types of metrics:

1. Maximum modeled contribution to DMAX8 ozone

2. MATS UAA projection contribution to 8-hour ozone DVC
® Example results follow for O ppb threshold and three

states: CA, CO and NM

— All state results presented in June 20, 2013 conference call

23
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2008 California 8-Hour Ozone Contribution

Highest Modeled Contribution MATS DVC Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb CA

CA Anthropogenic Max Contribution 2008
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2008 Colorado 8-Hour Ozone Contribution

Highest Modeled Contribution MATS DVC Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb CcO
CO Anthropogenic Max Contribution 2008

S -

10.0
5.0
3.0
o5 2.0
1.0
0.1
-0.1
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-5.0
-10.0
-20.0

: :i.. H r‘:x_1
ﬁi&\.

S N ppb
Max(144,110) = 29.18 COMin(3,1) = 0.00, < Max(142,107) = 17.60
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2008 New Mexico 8-Hour Ozone Contribution

Highest Modeled Contribution MATS DVC Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb NM

NM Anthropogenic Max Contribution 2008

S -

10.0
5.0
3.0
2.0
1.0
0.1
-0.1
-1.0
-2.0
-3.0
-5.0
-10.0
O ) NPy -20.0

ppb
O Min(3,1) = 0.00, ¢ Max(115,77) = 11.60
Max(136,72) = 25.68

" ’ BB \aa f
WESTERN REGIONAL AIR PARTNERSHIP ||
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Maximum and Fourth Highest Contributions to

DMAXS8 Ozone by Major Source Category
® Boundary Conditions (BC) for CONUS Domain

— Background, International Transport and Stratospheric Ozone

ENVIRON

® Natural Emissions (Nat)

— Biogenic, Lightning, Sea Salt and WBD
® Wild Fires (WF)

— Special Case (Exceptional Events)

® Anthropogenic Emissions (Anth)
— U.S., Can and Mexico Anthropogenic plus Rx and Ag Fires

® For total DMAX8 ozone > 0, 60, 65, 70 and 76 ppb

® Examples follow:
— 4% Highest DMAX8 Ozone Contribution to Total Ozone > 0 and 76 ppb
— 8% Highest 24-hr PM, . to Total PM, . > 0 and 35 pg/m3

27
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. Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb v I R O N
BC 4th High Contribution Natural 4th High Contribution

Nat

g

g
ppb

L5

(=4

Max(131,80) = 77.76 4th High DMAX8 S 0 ppb Max(179,103) = 11.62

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb
Anthropogenic 4th High Contribution

Wildfires 4th Highest Contribution

Anth
WF

Max(13,129) = 63.44 Max(42,68) = 78.38 28



Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb

v R Ath Llinkh D antrila |+;nr£~

Max(82,2) = 80.37 Max(70,11) = 12.84

4th High DMAXS > 0

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb
Wildfires 4th Highest Contribution = AL R T YA W A eI TR AR oY s R —

Max(129,53) = 60.13 Max(133,70) = 110.89




Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb P\ O N
BC 4th High Contribution Natural 4th High Contribution
- .'a ll ) k ; {

' el /

80 80
70 70
60 60
50 50
w0 & o &
30 30
20 20
10 10
5 5
1 1
] ]
Max7131 80) = 77.76 Max(76,207) = 10.88
4th Highest DMAXS8 Ozone > 76 ppb
Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
Wildfir:as -_;Ith High{est Contribution 7 Anthrop:oggnic 4th {High Contr1bution (
N ) L Anth
WF 2 : B 8
30 70
25 60
20 50
15 & w08
10 30
5 20
1 10
0.5 5
0.1 1
] ]
Max(13,129) = 63.44 Max(42,68) = 78.38
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North American Background (NAB) Ozone

® (Ozone concentrations in absence of North American anthropogenic
emissions

— Previously called Policy Relevant Background (PRB)
® Provides “floor” of achievable ozone concentrations in North
America by elimination of controllable emissions
— U.S., Mex and Can Anthropogenic plus Rx and Ag fires

® NAB defined two ways:

— BCs plus Natural Emissions (Biogenic, Lightning, Sea Salt & WBD)
— BCs plus Natural Emissions plus Wild Fires (WF)

= Although some WF are natural, the Exceptional Event policy can eliminate them
from ozone compliance considerations

® NAB Calculate using Modeled results and DVC projections by MATS
— Projected DVs without anthropogenic emissions (w/ and w/0 WFs)
— Highest and fourth highest DMAX8 ozone

-
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NAB DMAXS8 Ozone DVs using MATS (RRFs)

4 ENVIRON

NAB w/o WF NAB w/ WF

NAB_ WF
2008
65.0 65.0
60.0 60.0
55.0 55.0
50.0 50.0
45.0 45.0
40.0 40.0
35.0 35.0
30.0 30.0
25.0 25.0
20.0 20.0
15.0 15.0
10.0 10.0
5.0 5.0
0.1 0.1
0.0 0.0
ppb ppb
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NAB 4t Highest DMAXS8 Contribution (Absolute)

NAB w/o WF NAB w/ WF

Contrib. to CAMXx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb
N. American Background w/o Wildfires 4th ngh Contribution N. American Background w/ Wlldflres 4th ngh Contribution

80

70

20 &
Jﬁ 30 30
' 20 20
"'! 7 10 10
*I’\L’* 5 5
1 1
g 0 0
Max(131,80) = 78.42 Max(15,129) = 96.05
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NAB 4t Highest DMAXS8 Contribution (Absolute)

NAB w/o WF NAB w/ WF

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb rib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb
(] e ) Arinan nnl/ﬂw['\llnrl X:fr\ \ﬁ”ld irean /I‘th irh r‘n‘:::—w” g\ Arinan Dﬂﬂl{ﬂr[ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ ;|d.|:'rno Ath Jrl'nl"l f“nr&:rihlll';nq
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10 Highest Modeled DMAXS8 Ozone

Contributions at all Monitoring sites in WESTUS

® Pie and bar charts of state and other
contributions at monitoring sites for 10 highest
modeled DMAXS8 ozone days

— Highest modeled ozone days are used in Design Value
projections

— Show a examples for four highest days at Denver CO —
RENO monitor on next slide

— Interactive Excel spreadsheet can be used by users to
drill down into all monitoring sites

35



Denver Rocky Flats North (RFNO
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Contributions to MDAS Ozone [ppb]

Rx Fire

WildFire
Ocean

Site: CO_Jlefferson0006
Rank: 1 -08 Jul, 2008

Total Ozone = 80.6 ppb

BC Ozone = 52.0 pph (64.5%)

Az AZ (0.45 ppb, 0.56%)
mca CA (1.60 ppb, 1.98%)
mco CO (16.27 ppb, 20.19%)
BEKS KS [0.03 ppb, 0.03%)
uiD 1D (0.40 pph, 0.50%)
mMT MT {012 ppb, 0.15%)
oK OK (0.01 ppb, 0.01%)
mOR OR (0.14 pph, 0.17%)
WA WA (0.03 ppb, 0.03%)
wy WY (3.16 pph, 3.923)
: :[E’ ND (0.00 pph, 0.00%)
o NE NE (0.83 ppb, 1.03%)
oY NV {0.58 ppb, 0.72%)
Ut UT (1.34 ppb, 1.67%)
o TX [0.10 ppb, 0.12%)

[ NM (0.14 pph, 0.18%)

W Eastern E@stern {0.00 ppb, 0.00%)

wCanada Canada(0.00 ppb, 0.00%)

W Mexico Mexico (0.14 ppb, 0.17%)
Ocean Ocean (0.05 ppb, 0.06%)

m Watural Matural(2.51 pph, 3.12%)

= Wild Fire WildFire[0.66 ppb, 0.8
Rx Fire  Rx Fire (0.00 ppb, 0.00%)
AG Fire  AG Fire (0.00 ppb, 0.00%)

Contributions to MDAS Ozone [ppb]

Site: CO_lefferson0006
Rank: 2 -15 Jul, 2008

Total Ozone = 80.1 ppb

BC Ozone = 40.7 ppb (50.8%)

u Az AZ (0.28 ppb, 0.35%)
mca CA (0.67 ppb, 0.84%)
uco CO (22.69 ppb, 28.34%)
BKS KS (0.01 ppb, 0.01%)
D 1D (1.10ppb, 1.37%)
uMT MT {0.02 ppb, 0.02%)
0K OK (0.00 ppb, 0.00%)
mOR OR (0.60 pphb, 0.75%)
WA WA (0.42 ppb, 0.53%)
|y WY (2.08 ppb, 2.60%)
: ;'[? ND (0.00 ppb, 0.00%)
o NE NE (0.06 ppb, 0.08%)
. Ny NV {1.08 ppb, 1.35%)
.Ut UT (4.93 ppb, 6.15%)
iy X (0.02 ppb, 0.02%)
M NM (0.15 ppb, 0.19%)

W Eastern E@stern ({0.00 ppb, 0.0034)
u Canada Cenada(0.05ppb, 0.07%)
¥ Mexico Mexico (0.10pph, 0.12%)
Ocean Ocean (0.04 ppb, 0.0534)
m Matural Natural (2.76 ppb, 3.45%)
= Wild Fire WildFire(2.31pphb, 2.8
R Fire  Rx Fire (0.00 ppb, 0.00%)
AG Fire  AG Fire (0.00 ppb, 0.00%)

Site: CO_Jlefferson0006
Rank: 3 - 16 Jul, 2008

Total Ozone =79.9 ppb

BC Ozone = 42.1 pph (52.7%)

mAz AZ (0.20 ppb, 0.25%)
mca CA (0.61 ppb, 0.76%)
mco CO (21.94 ppb, 27.47%)
BEKS KS [0.00 ppb, 0.00%)
=D 1D (1.25 pph, 1.57%)
mMT MT {0.01 ppb, 0.02%)
oK OK (0.00 ppb, 0.00%)
mOR OR (0.64 pphb, 0.81%)
WA WA (0.44 pph, 0.55%)
wy WY (2.76 ppb, 3.46%)
: :[E’ ND (0.00 pph, 0.00%)
o NE NE (0.14 ppb, 0.17%)
oY NV {0.76 ppb, 0.95%)
Ut UT (3.79 ppb, 4.75%)
o TX [0.02 ppb, 0.02%)

mNM NM (0.11 pph, 0.14%)

W Eastern E@stern {0.00 ppb, 0.00%)

m Canada Canada(0.06 ppb, 0.07%)

W Mexico Mexico (0.08 ppb, 0.10%)
Ocean  Ocean (0.03 ppb, 0.04%)

m Watural Matural (2.65 pph, 3.32%)

= Wild Fire WildFire(2.23 ppb, 2.7
Rx Fire  Rx Fire (0.00 ppb, 0.00%)
AG Fire  AG Fire (0.00 ppb, 0.00%)

Contributions to MDAS Ozone [ppb]

Ocean

Mexico

Site: CO_lefferson0006
Rank: 4 -13 Jun, 2008

Total Ozone =79.7 ppb

BC Ozone = 64.5 ppb (80.9%)

mAz A7 (0.01 ppb, 0.01%)

mCA CA (0.04 ppb, 0.05%)
uCO €O (2.62 pph, 3.29%)
BKS KS (0.01 ppb, 0.01%)

[ 10] 1D (0.42 pphb, 0.53%)

uMT MT {0.14 ppb, 0.18%)
0K 0K (0.01 ppb, 0.01%)
mOR

OR (0.58 ppb, 0.73%)

WA WA [1.11 ppb, 1.39%)
|y WY (0.11 ppb, 0.143)
END ND (0.07 ppb, 0.09%)
: il[é NE (0.01 ppb, 0.02%)
oy NV (0.07 ppb, 0.09%)
.Ut UT (1.41 ppb, 1.77%)
nTx X (0.01 ppb, 0.02%)
.M NM (0.00 ppb, 0.00%)

W Eastern E@stern (0.04 ppb, 0.053%)
® Canada Canada(2.95pphb, 3.70%)
¥ Mexico Mexico (0.00 pph, 0.00%)
Ocean  Ocean (0.09ppb, 0.11%)
m Matural Natural (5.46 ppb, 6.85%)
= Wild Fire Wild Fire (0.00 ppb, 0.0
RxFire  Rx Fire (0.00 ppb, 0.00%)

AG Fire  AG Fire (0.00 ppb, 0.00%)
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Excel Spreadsheet with 10 Highest Modeled
Ozone Days at Each Monitoring Site in WESTUS

® B1 = State; B2 = County; B3 = Monitor; B4 = Select on of
top ten modeled ozone days at this monitoring site

& e~ B E- Appendix_D_02_10hi_Model_Days.xdsx - Microsoft Excel [ | (D i
Home | Insert  Pagelayout  Formulas  Data  Review  View  Acrobat @ o =R
# cut . L. = _ [ ) =S Fhe E2Sh T AutoSum ~
B A Calibri Sl A A =| ¥  SEwrpTet Number - ijsi ﬁjﬂ Mormal 2 Normal Bad . s A | —_— 7 C?a
Past o - A~ B . o o <0 00 | Conditional Format Insert Delete Format Sort & Find &
€ S romatpainter B £ U S A EEMerge & Center = | § - % v | %3 %0 Fﬂurr;m\tt\lﬂnngﬂv ety Good Neutral e =it mar] oL
Clipboard . Font Alignment . MNumber Styles Cells Editing
Q6 - I -
A B [ D E F G H [ J K L M N o [ R s T ~
1 State Nevada MNumber of Site 52| Number of County 3| ]
2 County |[Clark MNumber of Site 33| Title Contributions to MDAS Ozone [pph]
3 Site NV_Clark0021 site ID 3.26+08] 8761 YY1 108196 T 03 84.46 1 2 3 4 5 6
4 Date 3-07/14/08 Y11 8196|Rank 3| T_03 2 8446 Multiplier Eastern AZ cA co KS D M
5 B 35133 2 Natural 0.00 0.52 0.64 0.03 0.00 0.01
3 C - . Site: NV_Clark0021 Jul, 2008 0 AG Fire 0.00 0.00 0.00 0.00 0.00 0.00
ontributions to MDA8 Ozone [ppb - :
7 [pp ] Rank: 3 - 14 Jul, 2008 3 Prescribed Fire 0.00 0.00 0.00 0.00 0.00 0.00 |=
g Total Ozone =84.5 ppb 4 Wild Fire 0.00 0.00 1.36 0.00 0.00 0.00
9 WildFire BC Ozone = 51.3 ppb (60.8%) 1 Anth 0.00 143 1146 0.14 0.01 0.05
= N Fire __AG Fire Tz 2145
Mexico maz AZ (1.43 ppb, 1.70%) R g
1 canad mcA CA (11.46 pph, 13.57%) Source ppb
= anada =co €0 (0.14 ppb, 0.16%) AZ 1.43 AZ (1.43 ppb, 1.70%)
13 Eastern mKS KS {0.01 ppb, 0.01%) cA 11.46 CA (11.46 ppb, 13.57%)
14 e 'D(0.05 ppb, 0.06%) co 0.14 €O (0.14 pph, 0.16% B
o M uMT MT (0.00 ppb, 0.00%) . (0.14 ppb, 0. I
15 1) moK OK (0.00ppb, ©.00%) KS 0.01 KS [0.01 ppb, 0.01%)
16 = OR OR (0.11 pph, 0.13%) D 0.05 1D (0.05 ppb, 0.06% | ]
WA WAt oospph 00753, iy ) T
17 (0.06 pph, 0.07%) MT 0.00 MT {0.00 ppb, 0.00%)
12 Rel o W (00S ppb,005%) oK 0.00 OK (0.00 pph, 0.00%)
END ND (0.00 ppb, 0.00%) g -00 ppi, 0.
19 st : zté NE (001 ppb, 0.01%) OR 0.11 OR (0.11 ppb, 0.13%)
20 Ar Ny NV (13.42 pph, 15.89%) WA 0.06 WA {0.06 ppb, 0.07%)
21 Ar] utT UT (0.23 ppb, 0.27%) Wy 0.05 WY (0.05 ppb, 0.05%)
22 ca uTX L"N:[[’;;;”bh[’;ige) ND 0.00 ND {0.00 ppb, 0.00%)
BNM ppb,
23 Co B o Eastern (0,00 ppb, 0.00%] SD 0.00 5D (0.00 ppb, 0.00%)
24 Di Canada Canada (0.00 pph, 0.00%) NE 0.01 NE (0.01 ppb, 0.01%)
25 1d Mexico Mexico (1.22 ppb, 1.45%) NV 13.42 NV (13.42 ppb, 15.89%)
26 Io M7 Ocean  Ocean (0.44 ppb, 0.52%] uT 0.23 UT (0.23 ppb, 0.27%)
Natural Natural (265 ppb, 3.14%)
27 Kal Wt e wild Fire (1,38 ppb, 1 T 0.11 TX (0.11 ppb, 0.13%)
28 Lo OR RxFire  Rx Fire (0.00 ppb, 0.01%) NM 0.36 NM (0.36 ppb, 0.42%)
29 M AG Fire  AG Fire (0.00 ppb, 0.00%) Eastern 0.00 Eastern (0.00 ppb, 0.00%)
30 Missouri 11 11 NV_Clark0072 Canada 0.00 Canada (0.00 pph, 0.00%)
31 Montana 12" 12 NV_Clark0073 Mexico 1.22 Mexico (1.22 ppb, 1.45%)
32 Mebraska 13" 13 NV _Clark007s Ocean 0,44 Ocean [0.44 pob, 0.52%) A
W { b ¥ PiePlot BarPlot " TI1O0DATA Ref - 3,142 U.S. Counties - ¥J [l il | » [

(@ Mm 100%

1227 PM
7/15/2013 37
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10 High Spread Sheet Demonstration

® Appendix D
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CSAPR-Type State Analysis for PM, .

® CAMx 2008 base case 36 km state-specific PSAT source
apportionment run

— Same source regions and category as used for ozone

® State-specific Anthropogenic and Rx + Ag fires emissions
tracked for:

— S04, NO3, NH4, PEC, POC and OPM2.5

= Note that NH4 is traced back to state NH3 emissions not associated with
state SO2 and NOx emissions through SO4 and NO3

— State-specific SOA contributions not tracked
® 24-Hour PM, . NAAQS = 35 pg/m3
® Annual PM, . NAAQS =12 ug/m,
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2006-2010 MATS UAA Annual PM, . DVCs

BASE

2008

13.0
12.0
11.0
10.0
9.0
8.0
7.0
6.0
5.0
4.0
2.0

ppb
(O Min(24,85) = 1.97, ¢ Max(127,50) = 59.69
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2008 States with Maximum Annual PM, . DV

Cont. 2 1% of NAAQS when DVC 2 NAAQS

Site ® 295 PM, . FRM monitoring
“m- sites in western U.S. 12 km

024  AZ Santa Cruz  12.88 domain (west of ~Mississippi)
ID 2.56 MT Lincoln 12.59 with sufficient observations to
KS 0.18 IA Muscatine  12.98 calculate 2006-2010 annual
NE 0.5  IA Muscatine  12.98 PM, ; DVCs
NM  0.12  AZSanta Cruz  12.88 — 40 had DVCs above the 12 pg/m?

NAAQS (Dec 2012)
= Mainly CA but also AZ, IA, MO,

ND 0.15 |A Muscatine 12.98

OK 0.19 AR Pulaski 12.21 MT and TX
OR 0.38 MT Lincoln 12.52 — 16 had DVCs above the 15 ug/m3
X 0.52 AR Pulaski 12.21 old NAAQS

WA 1.65 MT Lincoln 12.52 = Allin CA
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2008 States with Maximum 24-Hour PM, . DV

Contribution =2 1% of NAAQS when DVC 2 NAAQS

Contrib Site
ution | (State/County)

CA
ID
KS
NE
NV

NM

OK
OR
TX
Ut

WY

3.0
3.8
1.2
0.8
0.6
0.7
0.4
2.3
0.4
31.6
1.5

CA Imperial
OR Klamath
UT Cache
|A Muscatine
|A Muscatine
UT Utah
CA Imperial
|A Muscatine
WA Yakima
|A Muscatine
ID Franklin
ID Franklin

36.1

46.0
39.5
36.4
36.4
44.8
36.1

36.4
37.2
36.1

45.6
45.6

ENVIRON

® 300 FRM sites in western
U.S. with 24-hour PM2.5
DVCs

— 53 have 2008 DVCs above
the NAAQS

— Many in CA but also IA, ID,

OR, UT and WA
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2008 Arizona 24-Hour PM, . Contributions

Plot3 PM2.5 Contributions from ARIZONA to Top 5 States Surrounding ARIZONA, . 3
25 where PM2.5 is at or above 35.00 ug/m3 Threshold a S . a n o I I g I I I
- A7 ——1%
L] L]
e contributions to DVCs
L]
S . above the NAAQS in CA
m
E
-
o
’ and ID
FE O
05 B
0 - T T T T
CA_lmperizlo00s ID_Franklin0001 #NfA #N/A Y
36.10ug/m3 45 60ug/m3
Plotl PM2.5 Contributions to Top 5 States Surrounding ARIZONA, Flot4 Species Contributions from All 17 States to Top 5 States Surrounding ARIZONA,
R Wy .
so where PM2.5 is at or above 35.00 ug/m3 Threshold so where PM2.5 is at or above 35.00 ug/m3 Threshold ——
WA
m——uT Y - —Water
TX
— 5D B et — O3
— OR
e
— K — 504
-y 0/ N 0 s 00000
L1 m mmm Organic PM
—NE -E EEIR Y (i e
ol
— D 3 —
20 1~ - - - N - - - e e e e e
— T
EC
— S R 3 D
- D
[r— 10 PN Bl W Crustal
— A
[— L R i N Others
N Background i
0 T =35 ug/m3
CA_ImperialoD0s ID_Franklin0001 #NJA #NJA HNJA ——35ug/m3 CA_Imperialonos ID_Franklin0o01 ENJA #N/A #H/A
36.10ug/m3 4560ug/m3 36.10ug/m3 45 60ug/m3 43
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2008 California 24-Hour PM, . Contributions

Plot3 PM2.5 Contributions from CALIFORNIA to Top 5 States Surrounding CALIFORNIA, .
where PM2.5 is at or above 35.00 ug/m3 Threshold a S
35 ° ’ * ’ ° ’ °

e ~ and 0.6 pg/m3
N B contribution to DVCs
M N above the NAAQS in OR,

- - I ---------- I ----------------------- NV, AZ, UT and WA

ugfm3

05 1 ----J - ------- - - ----- S - - -------- B, - - ----

o T T
OR_Klamath0004 NV_Washoe0016 AZ_Pinal3013 UT_Utah40o1 WA_Yakim 20009
46.00ug/m3 37.20ug/m3 39.30ug/m3 44 .80ug/m3 37.20ug/m3
Plotl PM2.5 Contributions to Top 5 States Surrounding CALIFORNIA, Plot4 Species Contributions from All 17 States to Top 5 States Surrounding CALIFORNIA,
so where PM2.5 is at or above 35.00 ug/m3 Threshold wy so where PM2.5 is at or above 35.00 ug/m3 Threshold ot
WA
___________________________________________________________________________ — UT
WV ater
T a0 -
"""""""""""" — 5D — O3
—OR
QK 30 +---- — 504
________________ [ Y
m L1 m mm Organic PM
R R B B T B Ny e R
E E
D _—
---------------- — T
_____ - K5 e EC
I D
__________ — O W Crustsl
0
__________ — A OR_Klamathooos NV_Washoe 0016 AZ_Pinzl3013 UT_Utzhao01 WA_Yakimz0008
e 46.00ug/m3 37.20ug/m3 39.30ug/m3 23.80ug/m3 37.20ug/m3 | e Others
N Background
! -10 ——35 ug/m3
OR_Klamatho004 NV_Washoe 0016 AZ_Pinal3013 UT_Utsha001 WA_YakimaD009 =35 ug/m3
46.00ug/m3 37.20ug/m3 39.30ug/m3 44 80ug/m3 37.20ug/m3 44
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2008 Nevada 24-Hour PM, . Contributions

Plot3 PM2.5 Contributions from NEVADA to Top 5 States Surrounding NEVADA, .
where PM2.5 is at or above 35.00 ug/m3 Threshold a S a I I
0.7 [ ] ’ [ ] L]

I MY e—12%

. wm ug/ms3 contribution to
i B DVCs above the NAAQS in
NN e e I ---------------------------------------- CA, UT and ID

ugfm3

CA_Sutterd003 UT_Utah400L ID_Franklin0001 #N/A #H/A
41.60ug/m3 44 80 ug/m3 4560ug/m3
Plotl PM2.5 Contributions to Top 5 States Surrounding NEVADA, Flot4 Species Contributions from All 17 States to Top 5 States Surrounding NEVADA,
0 where PM2.5 is at or above 35.00 ug/m3 Threshold wy so where PM2.5 is at or above 35.00 ug/m3 Threshold ——
WA
-
45 7 ur _—Vater
™ ol NN BN s 0
40 - — 5D — O3
— OR
35 4
oK E I N DO B — 504
10 4 -y
m L m m Organic PM
a5 G R e O
3 3
- ND —
20
T
— 10 - P - P EC
15 s
= D
10 4 ) . Crustal
o T T
| — CA_Sutter0003 UT_Utah400L ID_Franklin0001 #N/A ENJA
’ V.4 41.60ug/m3 44.80ug/m3 45.60ug/m3 . Others
]
o Background 10 55 ug/ms
CA_Sutter0003 UT_Utah400L ID_Franklin0001 HNJA ENJA ——35 ug/m3
4160ug/m3 44.80ug/m3 45.60ug/m3 45




Example Annual PM, . ENVIRON
. MATS State Foot Prints

== 5.00 e 5.00

! 3.00 \‘\3_- 3.00
2.00 > 2.00
1.75 1.75
1.50 1.50
1.25 1.95
1.00 1.00
0.75 0.75
0.50 0.50
0.25 0.25
0.20 0.20
0.15 0.15
0.10 0.10
0.05 0.05
0.00 0.00

~
ppb ppb
O Min(42,1) = 0.00, ¢ Max(41,63) = 7.15 O Min(12,1) = 0.00, <> Max(49,65) = 5.22
NM CcO
2008 ] 2008
5.00 5.00
3.00 3.00
2.00 2.00
1.75 1.75
1,50 1.50
1.25 1.25
1.00 1.00
0.75 0.75
0.50 0.50
0.25 0.25
0.20 0.20
0.15 0.15
0.10 0.10
0.05 0.05
0.00 0.00
ppb ppb
I Min(46,1) = 0.00, & Max(51,45) = 3.55 REGIONAL AIR PARTNERS! OMin(1,1) = 0.00, ¢ Max(57,58) = 6.42 46




WF

Contrib. to CAMx 24-Hour PM, Contrib. to CAMx 24-Hour PM, | P\ O N
BC 8th High Contribution Natural 8th High Contribution

Nat

;o AU %

Min(63,74) = 4.59, Max(68,1) = 18.27 8th Hi 2 4_H our PMZ.S S r012,52)= 0.1, Max(25,9) = 5.46

Contrib. to CAMx 24-Hour PM, ; >= 0 ug m* Contrib. to CAMx 24-Hour PM, ;
Wildfires 8th High Contribution Anthropogenic 8th High Contribution
N a '

Anth

Min(64,2) = 0.12, Max(6,48) = 555.68 Min(2,76) = 0.1, Max(75,50) = 39.20 47



BC Ann. Average Contribution Natural Ann. Average Gontribution

20
18
16
14
12
10

0

. Contrib. to CAMx 24-Hour PM, Contrib. to CAMx 24-Hour PM, 5 r P\ O N

) Nat

".’E 12 “?E
=] 10 =1
8 8
6 6
4 4
2 2
0
Min(29,76) = 1.86, Max(10,39) = 5.06 Min(13,76) = 0.03, Max(54,9) = 1.30
Annual PM, . >0
Contrib. to CAMx 24-Hour PM, 5 : Contrib. to CAMx 24-Hour PM, 5
Wildfires Ann. Average Contribution Anthropogenic Ann. Average Contribution
. % Anth
WF i
16
14 14
12 7 12 7
10 =] =
8
6

Min(35,2) = 0.02, Max(6,48) = 55.90 Min(1,76) = 0.11, Max(14,22) = 16.24 48
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North American Background 8" High 24-Hour PM, .

w/o Wildfires w/ Wildfires

Contrib. to CAMx 24-Hour PM, Contrib. to CAMx 24-Hour PM,, ;
N. American Background w/o Wildfires 8th High Contribution N. American Background w/ Wildfires 8th High Contribution

ugm®
ugm®

Min(63,74) = 4.77, Max(68,1) = 18.62

Min(63,74) = 5.1, Max(6,48) = 563.34

e AL, g N ;

ESTERN REGIONAL AIR PARTNERSHIP
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North American Background Annual PM, .

w/o Wildfires w/ Wildfires

Contrib. to CAMx 24-Hour PM, . Contrib. to CAMx 24-Hour PM, .
N. American Background w/o Wildfires Ann. Average Contribution N. American Background w/ Wildfires Ann. Average Contribution

20

18

16

14

12 ‘?E
g

10

8

6

4

2

0

Min(28,76) = 1.90, Max(56,1) = 5.31

ugm®

Min(30,76) = 2.18, Max(6,48) = 60.65

ﬁw AT, 50
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WestJumpAQMS BC Sensitivity Analysis

® CAMx 2008 36 km CONUS sensitivity simulation using
two different sets of BCs basednon Global Chemistry
Model (GCM() output:
1. 2008 MOZART
2. 2008 GEOS-Chem

® Compare ozone model performance at AQS and CASTNet
monitoring sites

® Use CAMXx Reactive Tracer (RTRAC) probing tool to track
contributions of three types of ozone BCs:
— Clearly stratospheric (~9,000 to ~20,000 m AGL)
— Mostly tropospheric (0 to ~6,000 m AGL)
— Potentially mixed (~6,000 to ~9,000 m AGL)
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DMAXS8 Ozone
CAMXx Bias (%) at CASTNet using MOZART
Performance CASTNet and GEOS-Chem BCs

® CAMx/GEQOS has lower -

bias than CAMx/MOZ in |«
all states

® CAMXx/GEOS has lower
error than CAMx/MOZ in

all states except AZ & UT | & & & & 9 Qﬁ § S ﬁ"‘"‘

B MOZ

B GEOS

L L L =

® CAMx generally has _
CAMXx Error (%) at CASTNet using MOZART

overestimation tendency and GEOS-Chem BCs
using both BCs "
— Exception is CA with a i
-14% bias o

B MOZ

® CAMx achieves Ozone
Performance Goals using
both GCM BCs

B GEOS

[ I R




April Max Ozone Contrib. from BCs April Max Ozone Contrib. from BCs
MOZART: All GEOS-CHEM: Al

.....

B P,

e
Min(39,8) = 35.93, Max(67.8) = 83.76

April Max Ozone Contrib. from BCs
MOZART: Stratospheric

April Max Ozone Contrib. from BCs
GEQS-CHEM: Stratospheric

.4




April Max Ozone Contrib. from BCs
MOZART: In-Between

Min(2,111) = 0.08, Max(50,17) = 51.79

April Max Ozone Contrib. from BCs
MOZART: Tropospheric

— 1

I
2)=76.85

April Max Ozone Contrib. from BCs
GEQOS-CHEM: In-Between

Min(2,111) = 0.08, Max(50,24) = 49.02

April Max Ozone Contrib. from BCs
GEQS-CHEM: Tropospheric

RORCT. A
Min(93,32) = 29.39, Max(14730) = 62.64
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GCM BC Sensitivity Findings

Similar CAMx ozone model performance using MOZART & GEOS-
Chem BCs

— Both exhibit overestimation bias and GEOS-Chem BCs generally produce
lower ozone so produces better CAMx ozone performance

Ozone BCs are a major source of ozone in the rural western U.S.
— At Gothic, RTCMC estimates 50% to 95% of DMAXS8 ozone is from BCs

= Note RTCMC bias toward overstating ozone BC contribution

MOZART BCs have higher ozone BC contributions in spring when
Asian transport and stratospheric ozone intrusions occur

GEOS-Chem BCs have higher ozone BC contributions in summer
when monsoon convection brings stratospheric ozone to ground

Can’t conclude one GCM better than other for BCs

— Need to understand cause for CAMx ozone overestimation first

More details at: http://www.wrapair2.org/pdf/Morris. MOZART-
GEOS_WestlumpAQMS Jul1l0 2013 Draftl.pdf
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WestlJumpAQMS Final Report Outline

INTRODUCTION
METEOROLOGICAL MODELING
2008 BASE CASE EMISSIONS
2008 BASE CASE MODELING

2008 STATE-SPECIFIC OZONE SOURCE APPORTIONMENT
MODELING

2008 STATE-SPECIFIC PARTICULATE SOURCE APPORTIONMENT
MODELING

2008 SOURCE CATEGORY-SPECIFIC SOURCE APPORTIONMENT
LESSONS LEARNED
REFERENCES

Electronic Appendices
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WestlumpAQMS Next Steps

® State-Specific PSAT Visibility Analysis
® Complete Source Category-Specific Ozone and PM
Apportionment Modeling
— Natural Emissions (Biogenic, Lightning, Sea Salt and WBD)
— Oil and Gas (Upstream)
— Fires (WF, Rx and Ag)
— Other Point Sources
— Mobile Sources (On-Road, Non-Road and CMV)
— Remainder (Area, Ammonia, Dust, etc.)

® Final Report and Final Webinar in Late August
® Transfer Databases and Results to 3SDW
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