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Objective and Methodology

* Provide background on the NOx chemistry options in AERMOD
» Use existing AERMOD NOx chemistry database to evaluate the sensitivity to in-stack ratios
« GRSM/PVMRM estimation if in-stack ratio is varied

Model Evaluation Databases - NO;

README (TXT)(1 KB, 10-31-2023) - Document that explains the NO, databases below that contain input and output data for the
model evaluation

Balko (ZIP)(12 MB, 10-31-2023) - Input/output data for Balko; Terrain, Rural, Downwash, Independent, 4 NO; monitors

(2 MB, 10-31-2023) - Input/output data for Denver-Julesburg; Terrain, Rural,

Downwash, Independent, 12 NO; monitors
Denver-Julesburg (ZIP)(108 MB, 08-18-2020) - Input/output data for Denver-Julesburg: Flat, Rural, Non-downwash, Independent, 12

NO; monitors
Empire Abo (ZIP}(14M, 10-31-2023) - Input/output data for Empire Abo; Flat, Rural, Downwash, Independent, 2 NO, monitors
Pala'au (ZIP)(6 MB, 10-31-2023) - Input/output data for Pala'au; Flat, Rural, Downwash, Inpendent,1 NO; monitor
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History of NOx Chemistry in AERMOD
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Why are there NOx Chemistry Options in AERMOD?

M.ESL

N\
NOx chemistry in the troposphere NCAR

“*Ozone titration”

N0+03—>N02+02

Our NO and NO, are converted into
(somewhat temporary) ‘reservoirs’
- typical lifetimes of hrs., days

3
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Why are there NOx Chemistry Options in AERMOD?

M.ESL

N\
NOx chemistry in the troposphere NCAR

“NO, Photolysis”
NO, + hv - NO + O

Our NO and NO, are converted into
(somewhat temporary) ‘reservoirs’
- typical lifetimes of hrs., days

Things like HNO; (nitric acid) can
be removed by scavenging
(clouds), deposition
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Ozone limiting methods depend on:
1. Emitted NO, = the “in-stack ratio”
2. Ozone data

NO + O; = NO,






Differences in Tier 3 Options

OLM (Ozone-Limiting
Method) regulatory

Hourly background

Method for ‘O, titration’ 100% conversion

Method for ‘photolysis’ Neglects

Fully entrained into
ensemble plume (time-
averaged plume)

Method for entrainment
of O, into the plume

Main sources of
inaccuracy of predicted
NO,

Full entrainment into
ensemble plume so upper
bound for NO,

2 N Solar flux

PN

ENSEMBLE

Source of NOy PLUME

(NO & NO,

Entrainment [NSTANTANEOUS
of O, PLUME

From: “Theory, Application, and
Evaluation of the Generic
Reaction Set Method (GRSM)
for NO, Chemistry” by Jenny
Stocker. 2021 (June 21) RSL

Workshop
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Ambient air contains O3

PVMRM (Plume Volume Molar
Ratio Method) regulatory
O;

Limited entrainment (volume-

GRSM (Generic
Reaction Set Method)
regulatory

0,, NO,, NO,

100% conversion Explicit calculation

Neglects Explicit calculation

Limited entrainment (cross-
sectional area-based approach )
into instantaneous plume

based approach) into
instantaneous plume

Neglects reaction rates;
assumptions relating to
entrainment method

Reaction rates; assumptions
relating to entrainment method

Time-averaged plume

with spread o, .. Instantaneous

Time-averaged

Instantaneous plume
with spread o, '

Dr. D. J. Wilson 1995, “Concentration Fluctuations and Averaging Time in Vapor Clouds”
(CCPS Concept Book)



GRSM NOx Chemistry

Equation 1 (ozone titration) R1[NO] + [O5;] = NO, + O, (Eq. 1)
Equation 2 (photolysis) [NO,] + sunlight (R2) = NO + O35 (Eq. 2)

Theory:

Entrainment into the instantaneous plume

During the day, GRSM assumes a photostationary state (PSS), which establishes equilibrium
between background O5, NOx, and NO,

Eq. 1 = Eqg. 2 (equilibrium)
« R1 and R2 are reaction rates (ppb/s) that are function of temperature and solar radiation
* Inputs to GRSM change each hour: NO,, NOx, ozone, radiation, and temperature

During the night, GRSM operates similar to PVMRM

Ramboll
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Model Performance Evaluation (MPE)

Databases:
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Model Performance Evaluation (MPE)

e On-site data from two well pads (Pad 1 & 2) in the
Denver-Julesburg basin

e Pad 1 from Oct. 10-26, 2014

 Pad 2 from Nov. 3-16, 2014

e Data collected:

* Continuous NO,, NO, and NO, emissions from
the three diesel engines that power the
drilling rig

* Continuous AQ levels of NO and NO, at 12
sites upwind, downwind, and crosswind to the |
drilling rig

* Continuous levels of O, at one upwind and
one downwind site

 Meteorological data collected upwind and
downwind of the site

Well Pad Ne. 2



Model Performance Evaluation (MPE)

« EPA published Technical Support
Document (TSD) for GRSM in October

2023

« Some uncertainty in the
quantification of downwash and in-

stack ratios, especially at Pad 2
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Model Performance Evaluation (MPE)

Pad 1 Model Performance Evaluation

* Why is GRSM underpredicting? 200 A 7
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for this underprediction

150

« In-stack ratios are input as a
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this value changes as the unit
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I n - Sta C k Ratl O In-Stack Ratio During Varying Loads
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Implications and Next Steps

» Applicant Considerations: Ar]?th

E
s "l

yer of paint?!

g P
-7

« OLM is effectively a screening option

« PVMRM similar to GRSM, but noted issues at high
concentrations

« GRSM is better science; availability of NOx/NO,/O5
data? ease of approval process?

» Agency Considerations:
« NO, monitors concentrated in urban areas

« NO, background no longer static value, now used in ] | 3 =tk
the chemistry L e

« Importance of other inputs such as radiation for
photolysis

« General EPA guidance was that PYMRM was for
“isolated sources”, since GRSM is based on similar
concepts - does that hold?
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Thank you

Emily Tupper
etupper@ramboll.com
Jason Reed
jreed@ramboll.com
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