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DJ Basin air monitoring
approach

3 sites, 4 well pads, 3 0&G
operators

CDPHE CAMML

* Hourly speciated VOCs, CH,, NO,,
PMZ.S

Weekly integrated VOC canisters
* 51 speciated VOCs + CH,

* 2 near-pad locations plus
background reference site
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Continuous PID monitors with
event-triggered canister samples

* 2 near-pad locations
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RACER pre-production model
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TRACER pre-production model emissions

EMISSION DATA SOURCES
1. Drilling i Vertical EPA O&G Emission Tool

drilling

™ Move to next Horizontal HeCOb|an Et al. (2019)

: well on the pad drilling

Cementing TPPINg Gaps & Limitations
o Missing some operations (e.g., coil

2. Hydraulic 3. Coiled- tu blng/mI”-OUt)
fracturing tubing/mill-out . . .
o Evolving operational practices (e.g.,

flowback fluids handling)
o Sometimes lack full VOC speciation

Hecobian et al. (2019) Air toxics and other VOC emissions from UOGD, Env. Sci. Technol. Lett., doi: 10.1021/acs.estlett.9b00591.



* Use multiple linear regression to constrain

CO N St rd I N I ng -/ OG D Broomfield VOC emission rates using
VO C em |S q | onr ate S AERMOD and ambient VOC concentrations
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Ku et al. (2024) Air quality impacts from the development of unconventional oil and gas well pads: Air toxics and other volatile organic compounds.

Atmos. Environ., 120187. https://doi.org/10.1016/j.atmosenv.2023.120187.



Constraining L

0OGD

VOC emission

rates

Use multiple linear regression to constrain
Broomfield VOC emission rates using
AERMOD and ambient VOC concentrations
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Ku et al. (2024) Air quality impacts from the development of unconventional oil and gas well pads: Air toxics and other volatile organic compounds.

Atmos. Environ., 120187. https://doi.org/10.1016/j.atmosenv.2023.120187.
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— Constraining UOGD VOC
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— Constraining UOGD VOC
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Constraining UOGD VOC
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Development of model
Graphical User Interface (GUI)

* A GUI has been created to enhance accessibility in
policymaking and research related to
environmental health:

* Created using Python 3 (PyQt5).

* Also packaged as a standalone .exe file for
Windows.

 Inputs file are Excel sheets for easy access, except
for AERMOD outputs.

* Evaluated model performance with DJ air
monitoring results.

3. Coiled-
tubing/mill-out

Hourly Operation Timeline of Developing 14 wells from 1 simulations

Done

;;;;;;;; Operation timeline
Millout

Fracking

§
2 Casing
é TripOut
H 9

rti
igPreparation
WAIT
1011‘“ ﬂa'“\’ 9>°

-
B " HE| TRACER v-alpha
Advanced Modes

Daily Concentration Timeline of Developing 14 wells, AERMOD Model

- Concentration Timeline

£
2125
§ 100
£
£ 75
H
g 50
S

25

o e P

*® A
A i v

e

1“13'“" 1013"’1 _pvp'@
Couple with dispersion model

Hourly Emission Rate Timeline of Developing 14 wells

Select -

Emission :: Emission Timeline
:: 125
— g 0.75
\IEJ 0.50
0.25

0.00 L
o ‘L“ﬂ,s\ 1913,0\ 1“1,),::"5 1“13»‘) p

ot o
> &

o o b

Step 1. Lowd operation timeline.
Tirrsghne gource: ase_Ful_Pre-Producion e Loast
Hurmber of wely T Mumber of nns 0 Bt e W00

Resuits

Fap I Chacoss emissian Fastar.
Erfiiiizn dource DJ_Basin_2013_2018_Hecobies_st_al_J000 sha - Lead

Spetien

Opsration Componest 1 Component 2

Step 3: Load of simulate atmaspherlc dlspersian.
Desparaion configuration:  Gaussian Plure Wcdel {Center) v LosdGirumie

Alrsephece conditiom  Moderaty wind (8 - 12 mph|, clesr by~ Distance fomscues: 1 bm

Choose what to plat:
What 1o plot
Bofparat Q0 (12 (04

‘HJ\MEE

Select Operation Timeline

Flet Expori

Timeline souwrce: Mone; Emis sowce: None; Disperision config: None




Operation timelines

Detall Operatlon logs from OperatorS. Slmulate Operatlon Igot;ratlons of Well Pad Development (12 — 16 wells)
M M Drilling activities Pre-production °
timelines (MAES): o
Start Time End Time Operation Start Time End Time Operation % °
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Atmospheric dispersion

Gaussian plume model:

: : : AERMOD model:
* Users can modify atmospheric settings and receptor
positions (distance/height). *  The GUI can read AERMOD outputs directly.

* Three preset locations are included for convenience.
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Model evaluation through air monitoring

Observation and UOGD timelines:

NE/SW T .
E1 “ ik i. -EIIII IIII.I:-“" :::i ' Z'ZZZ....
Bkg {11111 811 T TR T

Site 1

CAMML 1
Mobile {  $% . i |

J ] |
ui I
|

NE A RS
SW - EREERE SRS
Bkg

CAMML -

Site 2

Mobile - i |

: BKg - Drilling 0 Production
= Fracking No operation

B Coil-Tubing/Mill-out
Mobile - P Flowback

« Triggered events

e SRR PEEE CEEEH DR !;!

2 llllllilllllllll|f: [
ceeeeern

e
i i

22/10 22/12 23/04 23/06 23/08 23/10 23/12 24/02 24/04 24/06 24/08

Model configuration:

Detailed operation timelines;

Inverse-modeled emission rates
(Zhang-2025) and EPA Emission
Tool;

AERMOD simulations for
monitoring locations.



Site 1
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Site 1
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Evaluation: benzene hourly exceedance

(9 ppbv)

* The low early production
emission rate of Zhang-2025
leads to the underestimation of
benzene exceedance events.

 EPA Emission Tool
significantly overestimates the
number of exceedance events
during early production.

Site 3 Coil-
Tubing &
Production

Site 3
Fracking

Site 3
Fracking &
Coil-Tubing

Site 2
Drilling

Site 1
Drilling

Site 3 Early
Production

CAMML

observations

Model with 0 0 0 1 5 0
Zhang-2025
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Study highlights - modeling

* New TRACER UOGD pre-production
model. Enables stakeholders to

* Predict air quality impacts and their
timing during specific operational phases * Recent DJ Basin UOGD pre-

- Evaluate air quality benefits of best production  activities  studied to

management practices such as improve model emission rate inputs
for current UOGD practices

drill rig electrification
* Reasonable performance for DJ Basin

drilling mud choice

UOGD pre-production activities but

closed-loop/tankless fluids handling . .
needs to be tested in other basins

altering schedule to different season
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