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Disclaimer

* The views, opinions, and findings expressed in this presentation are solely those
of the authors. They do not reflect, and should not be construed as representing,
the official policy, position, endorsement, or guidance of the Tennessee
Department of Environment and Conservation (TDEC) or the State of Tennessee.
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Background
- Memphis Combined Statistical Area (CSA) PR Sl el o B SN
Hernando *x L pENTOR
= 11 counties across Tennessee (TN), Arkansas (AR), and e L
Mississippi (MS)
= 5 ozone (O3;) monitoring sites within the CSA (3 in TN) MLESLSHLREL
= 2008 8-hour O; National Ambient Air Quality Standard | * Monitors
o Non-attainment on 5/21/2012 = 2008 NAAQS === 2015 NAAQS

o 10-year maintenance period for 2016-2027

o Redesignated to maintenance in mid-2016
= 8-hour O; NAAQS from 75 ppb (2008) to 70 ppb (2015)

= High O values exceeding 2015 8-hour O; NAAQS
measured in the past few years
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Goals

» Track sources contributing to O5 in the Memphis CSA

= Emission source regions

= Emission sectors

 Evaluate strategies to support the Memphis CSA in maintaining compliance with
the 2015 8-hour O; NAAQS
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Methodology

» 2023 photochemical modeling setup

= Comprehensive Air quality Model with extensions (CAMXx)
version 7.20

12US2 Modeling Domain
= Anthropogenic Precursor Culpability Assessment (APCA) w s 0w 5w

technique for O source apportionment analysis
= Domain: EPA’s 12US2
= Modeling period: 5/1/2023 - 9/30/2023
= Model input data

45°N |
40°N | S L sooN
35°N

— 35°N

30°N — — 30°N

o 2016 meteorology, initial and boundary conditions from . B
previous TDEC modeling projects | | ‘ -

110°W 100°W 90°W 80°W

— 25°N

o 2023 emissions projected from EPA’s 2016v3 emission
modeling platform (EMP)

* Monitoring sites in the Memphis CSA
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Ozone Source Apportionment —- APCA

* 5 receptors (monitor sites)

Marion (AR)
Frayser (TN)

Orqill (TN)

Shelby Farms (TN)
Hernando (MS)

- 17 tagged sources

12 emission sectors

Initial and boundary conditions
2 natural sources

Remaining non-U.S. emissions
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(Adapted from Tennessee Air Quality Monitoring & Forecasting)
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https://www.tn.gov/environment/air/monitoring-forecasting.html

Results — APCA Analysis by Source Regions

o 03 contributions: OT > TN > MS > AR 80 Accumulated O4 contributions from all 5 receptors

* Dominant onroad contribution

» Other substantial O contributors 60
o
= Nonroad, O&G, and nonpoint (TN, OT) &
c
= EGU (OT) 2 w0
2
= Airports (TN) *§
® airports ® wildfires (ptfire-wild3D) oc:')
® O&G (pt_oilgas) m prescribed fires (ptfire-rx3D) 20
m non-EGU (ptnonipm) m agricultural burning (ptagfire3D)
= EGU (ptegu) ® non-point (nonpoint)
® non-road (nonroad) m rail & locomotives (rail)
= on-road (onroad) = commercial marine vessels (cmv) 0
(AR): Arkansas (TN): Tennessee
(MS): Mississippi (OT): the other areas within 12US2 Source Region
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Results — APCA Analysis by Receptors

* Dominant onroad contribution Accumulated O4 contributions from AR, MS, and TN source regions

* The highest O4 contribution by
the AR-MS-TN source regions
found at Marion (AR)

» Other substantial O, contributors

= Nonroad, O&G, EGU, and nonpoint

O, contribution (ppb)

m airports m wildfires (ptfire-wild3D)
m O&G (pt_oilgas) m prescribed fires (ptfire-rx3D)

m non-EGU (ptnonipm) m agricultural burning (ptagfire3D) _ _
m EGU (ptegu) ® non-point (nonpoint) Frayser Shelby Farms Orgill Marion Hernando

= non-road (nonroad) m rail & locomotives (rail) (TN) (TN) (TN) (AR) (MS)

= on-road (onroad) ® commercial marine vessels (cmv)

(AR): Arkansas (MS): Mississippi  (TN): Tennessee (OT): the other areas within 12US2
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Results — APCA Analysis at Shelby Farms (TN)

15 * Dominant onroad contribution

- Higher TN source region
contribution than AR and MS

10 source regions

« Substantial contributions from
EGU and nonpoint (OT source
region); O&G and nonroad
(TN & OT source regions)

O, contribution (ppb)

0 m airports m wildfires (ptfire-wild3D)
Source region AR MS TN oT ®m O&G (pt_oilgas) m prescribed fires (ptfire-rx3D)
Receptor Shelby Farms m non-EGU (ptnonipm) m agricultural burning (ptagfire3D)
= EGU (ptegu) ® non-point (nonpoint)
® non-road (nonroad) m rail & locomotives (rail)
(AR): Arkansas (MS): Mississippi  (TN): Tennessee (OT): the other areas within 12US2 mon-road (onroad)  m commercial marine vessels (cmv)
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Results — Combined APCA Analysis

« Source region contribution
TN > AR and MS

3 ; ; » Dominant O, contributors:
5 . f f =  Onroad
2 ; ; o 2.7-4.7 ppb by TN
5 . o 0.6-1.5 ppb by AR
S ; ; o 1.0-2.3 ppb by MS
0.6 ¥ f = O&G (pt_oilgas)
E B - 2 . - 10 o 1.4-1.6 ppb by TN at
?;);Igc: g g z gi% g 3 SE z g z gig g z 5! = g Z 5 Frayser, Shelby Farms, and
] ] ] ]
R ¢ Frayser L Shelby L Orgill L Marion L Hernando Marion
eceptor (TN) I Farms (TN) 1 (TN) I (AR) I (MS) = Nonroad
m airports m wildfires (ptfire-wild3D) (AR): Arkansas o 0.4-0.8 ppb by AR
= O&G (pt_oilgas)  m prescribed fires (ptfire-rx3D) Micciaatmm 0.9 ppb by TN at Oraqill
m non-EGU (ptnonipm) m agricultural burning (ptagfire3D) (MS): Mississippi N .pp Y g
= EGU (ptegu) = non-point (nonpoint) (TN): Tennessee = Nonpoint
= non-road (nonroad)  m rail & locomotives (rail) (OT): the other areas within 12US2 o 0.4-0.7 ppb by MS

® on-road (onroad) ®m commercial marine vessels (cmv)
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Results — Combined APCA Analysis

Top-3 contributors from the TN source region to the 5 receptors

Sector Frayser Shelby Farms Orgill Marion Hernando
) ) (TN) (AR) (MS)

Onroad 41% 44% 43% 39% 43%

Oil & Gas 16% 14% 13% 16% o

Nonroad 12% 13% 14% 12% 12%

Airports* --- — --- --- 12%

Total (ppb) 10.3 10.6 6.4 8.7 6.8

* Several local airports, in addition to Frederick W. Smith International Airport (MEM) near Hernando (MS)
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Discussion — Point Source Emissions

* Relatively small point EGU contribution
to O, from the TN, AR, and MS source
regions
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* Point O&G emissions as the 2" highest
O, contributor at Frayser (TN), Shelby
Farms (TN), and Marion (AR)

INDIANA
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ILLINOIS VIRGINIA

KENTUCKY
MISSOURI

VIRGINIA

Tennessee Gas

ANR Cottage Station 87
oo Grove
Trunkline Gas Midwestern Gas
Dyers_burg Teliassan Gas Station 2101

Saton Station 860

L]
FTENNESSEL
ARKANSAS Texas Gas Columbus Gulf - NORTH

Covington Tennessee Gas Hampshire Major TN Annual LBE CAROLINA

Station 555 Units Emissions

Wayne County °

Tennessee Gas 200 53330l /e '
3 N @
Station 71 @® 333-784tons/yr
@ 785-1089tons/yr
SOUTH
. 1090 - 1730 tons/yr CAROLINA
MISSISSIPPI ALABAMA

Major point oil & gas emitters (100+ tons/yr) in TN
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Discussion — Point O&G Emissions

- Dominated by the compressor stations

NOXx VOC
‘ (2016v3 EMP data)

® Compressor Stations

3,857 539

tons/yr tons/yr
® Non-Compressor Stations

>

(IC units in a compressor station in middle N)

* Major NOx emissions from lean-burn internal combustion (IC) engines
= Old and not stringently regulated
= [ntermittent but large accumulated NOx emissions annually (>1,000 tons/yr)
= Transition plans to gas turbines
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Discussion — U.S. Data Center Pipelines
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(Source: US Data Center Map, https://dcmap.us)
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https://dcmap.us/

Discussion — Major Data Centers in Tennessee

 Electricity used/required

to run the facility

Mémphis (West TN)

West Memphis

ME@>HIS

®
o XAl

Google

Germantown

PO A el

.<AVEN

Hormi Latis Olive Branch

‘)rdova

| Knoxville (East TN)
@
Nashville (Middle TN) w o, cilie
GALLATIN .
Millersville M et a ® : .
Bitcoin
Hendersonville . Farragut m i n i n g
®
pA Bitcoin 7.y 4K/ Rl *7% L 84
® Mount Julie e mining TR
a Lenoir City
NAQ)VILLE ° Alco
o @
® @ CAPACITY (MW) i
COLLIERVILLE ‘ 10 MW 653
oc ... 10-100 MW, 661
- @® 100-500 MW 336
SMYRNA @ 500-2,000 MW 160
@ 2,000+ MW 29
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@® No data 2,874

(Source: US Data Center Map, https://dcmap.us)
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Discussion — Data Center Impacts

« 2026 fine particulate matters (PM25) Study M Air monitors Sources of air pollution

= 3 monitors installed in southwest Memphis @@ s ‘.4
by non-governmental organizations (Center for Valero Refining 7 | 1"
Engagement, Environmental Justice and Health @
INpowering Communities / Memphis Community 7\ : A F‘\Ford& o

Against Pollution) , TOWN West Brooks Road\s\

= 4-month measurement (November — March) @ Nucor Steel
ucor Stee

EPA standard: 9 micrograms
151 per cubic meter of air

1 mile :
© OpenStreetMap contributors
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https://www.datawrapper.de/_/nd5FU

Summary

» Tracking 2023 modeled O sources in the Memphis CSA:
= Dominated by on-road emissions across all source regions and at all receptors

= By source regions:
o Higher contributions from TN than AR and MS at all receptors

o TN source region — the 2"9 highest contribution by point O&G sources at Frayser (TN), Shelby Farms
(TN), and Marion (AR)

o AR source region — the 2nd highest contribution by non-road sources at all receptors

o MS source region — the 2nd highest contribution by non-point sources at all receptors
= High non-road and non-point contributions from the TN and OT source regions

= High point O&G contributions from the TN and OT source regions
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More Research Needed ...

1. EPA HEAVY-DUTY NO

REDUCED

v |
2. ON-ROAD EMISSION CHANGE AIRGUALITY l 4. NON-POINT SOURCE EMISSIONS (NATURAL GAS)

REDUCED
CONVENTIONAL

-

MEMPHIS, TN: 0ZONE & PM2.5 =
POLLUTION ACTIONS

2] EMERGENCY

‘ IMPROVEMENT e

ANALYS'S <) ] — LOM-EMISSION
5 arn b ENGINES/TURBINES
» / 70 volxmuzaTIon
MOVES MODELING =V - ELectric veHicLE |~ h— sy
« FLEETTURNOVERRATE (g |- \CTRATION il LEAK DETECTION S SCGERUA)~ @
& REPAIR (LDAR) — \ AUTOMATED

* FUGITIVE EMISSION CONTROL STATIONARY SENSOR

2026 A&KWMA Southern Section Conferernce

(Created by Google Gemini)
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Thank You

Questions and Comments?

Contact information
Dr. Cheng-En Yang (cyang 10@utk.edu)
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