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* 3 0O&G operators
CDPHE CAMML

* 2 near-pad locations

Mobile measurements
*  CH, and VOCs

3 locations, 4 well pads,

> 2 yrs

*  Hourly speciated VOCs + CH,, NO, PM, .

Weekly integrated VOC canisters
* 51 speciated VOCs + CH,

* 2 near-pad locations + background site

Continuous PID VOC monitors with event-
triggered canister samples

*  Prior monitoring data from Broomfield
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See Monday poster #8 for more about drilling mud emissions



HQ = Measured Concentration/Health Guideline Value
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Acute and chronic
non-cancer exposure
risk screening

e Chronic exposure Health

Guideline Values (HGVs) not
exceeded
* Benzene and n-nonane had largest
HQ values
1-hr benzene levels occasionally
exceeded acute exposure HGVs
across UOGD operation types

Reinforces findings from other
recent DJ Basin measurements
(Ku et al., 2024) and simulations
(Holder et al., 2019)
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* First VOC emission estimates for coil tubing/millout
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*  >95% reduction in average VOC and benzene emissions
from flowback using closed loop, tankless systems vs. other
green completions

Zhang et al., in review (see Monday poster #28)
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User-friendly model to
examine local air quality
impacts from well pad

TRACER pre-production model| = &aemmen e e

Daily Concentration Timeline of Developing 14 wells, AERMOD Model

1. Drilling Vertical
orpe 1?5 L] o [
il Concentration Timeline
: Move to next Horizontal 2150
¢ wellonthe pad drilling 8 125
c
Ayl S 100 -
Cementing iripping =
out 5 75
Q
£ 50
(&)
2. Hydraulic 3. Coiled- . 25 M lh
fracturing tubing/mill-out & (AT S 0+ A A
& o> Jae) Jae) o ®
S 7 S o & e S

l ' Couple with dispersion model

Hourly Operation Timeline of Developing 14 wells from 1 simulations Hourly Emission Rate Timeline of Developing 14 wells

Done S 2.00 1
. . . elect . . .
Flowback | Operation timeline 1751 Emission Timeline
MillOut 4 Emission g 1]
Fracking - 2125
= .
o —_— 2z
E Casing Fa CtOf' ® 100
g TripOut - g
g8 o — 2 0.75
HorizontalDrilling E
VerticalDrilling - w 0.50
RigPreparation 0.25
WAIT 0.00 - ’ I L
T T T T T T T T T T T T T T
o A o o> o> I\ *® il > oY I\E o ol o
S S S S S S S S S oL L L L P

See Monday poster #20 for more about the model



Key findings

* Transient plumes much more concentrated than weekly samples

* 1-hr benzene acute HQ >1 values seen at monitors across most UOGD operation types
* Colorado’s 2000-foot setback distance helps limit exposure levels

* Need high time resolution monitoring (~minutes) to capture periods of elevated exposure
» Largest average benzene & VOC emissions during drilling and coil tubing/millout

* Grid-powered electrified drill rigs reduce emissions but outgassing from drilling mud remains major VOC source

* Closed-loop, tankless flowback systems reduce average flowback benzene & VOC emissions >95% but we still
see large, transient emission plumes during emptying of sand cans

* TRACER pre-production model enables stakeholders to predict downwind exposures
and evaluate benefits associated with implementation of best management practices



Alr monitoring summary
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