@ Rocky Mountain EHS Peer Group === >

PDT ENGINEERING

Understanding Chemical and
Isotopic Fingerprinting In
Colorado’s Oil and Gas

Regulations

Patrick Travers
Q1 2023 RMEHSPG Meeting
1/19/2023

1/19/23 Q1 2023 RMEHSPG Meet ing



Introductions

PDT ENGINEERING .
Patrick Travers

Patrick.Travers@PDTengineering.com

Stable Isotope Geochemistry Laboratory &% dlq

T

PDT Engineering, LLC

PDT ENGINEERING

 Chemical/ isotopic sample data integration
and interpretation

 Hydrocarbon source forensic investigations

; ; * Navigating COGCC regulations requiring
Image courtesy of University of Queensland Stable Chemlcal and |SOtOp|C Sample analyS|S

Isotope Geochemistry Laboratory
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e 2005: COGCC groundwater sampling in GWA
(Greater Wattenberg Area) for infill wells

e 2009: COGCC COA’s can require groundwater
sampling

e 2007: COGCC/ LTE GWA Baseline Study

e 2011: COGA Voluntary Baseline
Groundwater Monitoring Program

e 2013: CO first state to require statewide
baseline and post-drill groundwater
sampling

e 2017: Bradenhead Testing Guidance
(included sampling)

e 2019: COGCC Order 1-232 Bradenhead
Monitoring and Testing Area (GWA)

* 2020: SB 181

* Rule 615: Groundwater Baseline
Sampling and Monitoring

* Rule 419: Bradenhead Monitoring,
Testing and Reporting
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@ Colorado’s Sample Dataset is Unique
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@ Colorado’s Chemical and Isotopic Datasets
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Two main types of sample data:

1. Groundwater Monitoring
a) Initial Rule 615 analytical suite

If those results > 1.0 mg/I
dissolved gas threshold, then

b) Gas composition analysis
c) Stable isotope analysis

2. Bradenhead Monitoring

Analysis determined by sample matrix FAL
(Olll gaS; Water) /\ 17 = 50 Miles

N 0 25mi 50mi 100 mi

Image from COGCC GIS Online, 2023
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@ Gas Composition Analysis
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GC schematic courtesy of Thomas Warwick
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Gas Chromatogram output of a typical natural gas sample run on Agilent’s Natural Gas Analyzer GC
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Stable Isotope Analysis
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Carbon-12 Carbon-13
stable stable

Key: @ Proton
@ Neutron
W Electron

£ 2007-2009 The University of Waikato | www.sciencelearn.arg.nz

Carbon-12: 6 protons, 6 neutrons

~ 99% natural abundance
Carbon-13: 6 protons, 7 neutrons

~ 1% natural abundance

1/19/23

| ion beam

T s

source

Mass Spectrometer
Schematic: depicting a
triple-collector system
arranged to analyze CO3.

liahter atom i1 heavier atom
9 ' i+ ormolecule

or molecule™ e
ion detectors UUU
CO; molecular masses { 45 46
Schematic of magnetic sector Isotope Ratio Mass

Spectrometer (IRMS) used to measure stable
carbon isotope ratios. Courtesy of Carleton College.

Mass 44: 12C16Q16Q
Mass 45; 13C16Q16Q
Mass 46: 12C16018Q
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Manny Ramirez returning to baseball as an
Albuquerque Isotope after a 50-game ban,
triggered by carbon isotope testing for synthetic
testosterone.



@ Natural Gas Origin
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Microbial (biogenic) Gas
0 0 * |sotopically depleted in 3C, %H
° o carbon . 613C C1 < '60%0
* Primarily methane

0 0 Q) hydrogen ¢ <1%C,+

* Formed by bacterial processes, i.e.

Methane (CH,) fermentation or CO, reduction

* Fermentation occurs naturally in
near-surface freshwater
environments (compost, landfills,
sewers, swamps, etc.)

* Not typically associated with oil and
gas development

Stable isotopes 13C/12C and
2H/1H can be measured in
methane, ethane, propane,
etc.

Thermogenic Gas

Isotopically enriched in 3C, 2H

« 813CC;>-55%0
Significant quantities of C,+
Formed by the thermal breakdown of
buried organic material
Requires extreme heat and pressure in
the subsurface over geologic
timeframes
Formed naturally with the generation of
petroleum in the subsurface
Can be associated with oil and gas
development

Determination of microbial vs thermogenic gas source is required
when COGCC baseline samples > 1.0 mg/I dissolved gas.
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@ Not New Analytical
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Original seript written by Horace Greeley
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Public Works Director Doyle Schaeffer monitors gas leak Tuesday in hole dug near United Bank of La Salle.

Schools. bank clnse: nrohe intencifine
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Vermont, sees
tougih month

MONTPELIER, Vi. (AP)
Gary Hart said today his 2-1
irouncing of Walter Mondale in
Vermont is fresh evidence the
Democratic primary tide is turn-
ing in his favor, but contends his
campaign will “still be playing
calch-up’” at least through the
month.

Out at dawn, the Colorado
senator greeled workers at g
Birmingham, Ala., plant with
“I'm Gary Hart, running for
president. I need vour help,"”

interviewed on the NBC-TV
“Today” show, Hart said Tues-
day’s victory in the nrm binding
Vermont primary ‘‘continues
very much what seems lo be a
patternevelving.”

He adced, “There have been
three states in a row ... that seem
tubemuvmgmonrdlrccum.

Yet, with Mondale's campaign
nutspﬂndmg his 10-to- I Hart said,
‘In many ¢&§vc\|5 i \;U‘l\\ I'm
stz" Lbe underdog ... I think we'll
still Le piaying catcheup, if you
\nl throughout the rest of this
meonth at least.”

In W ashmgton House Speaker
Thomas P. O'Neill Jr. said taday
that Hart is now clearly the
front-runner and thal Mendale
will be able tn avartala him anl.

the former vice pr
plored: “This i¢ net horse
race. This has become a battle for
the soul of the Democratic Party
and the future of our mnn!r,' i@

It i5 & horee race that o
Hart win an ever-ine rcaclng shnr:
of the votes: 37 percent to Mon-
dale’s 28 percent in New
Hampshire; 51 percent to 44
pereent in Maine; and 71 percent
to20 percent in Vermont

Mondale, once the front- rnonor
and the ulf'lnr sn far in on
lowa party cancuse: ;,(.,d SoUin
for his comeback, mpaigning
today in Georgia, Alabama and
Florida — three of the nine states

holding Demacratic presidential”

pnmarmc and caweuses on
“'Super Tuesday"' next week

Cheering the Vermont results,
Hart campaign manager Oliver
Henkel proclaimed:

“If 1 were in the WHite House ...
I would be very concerned about
the Hart Candidacy. He fepre
sents a far more significant threat
Lo the president than does Walter
Mondale.""

And Hart, noting indications of *

a Republican eross-over vote in
Verment, declared, “1 intend to
defeat Ronald Reagan. "
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Hart captures

echnigues

Feb. 18, 1984: Lumberyard
explosion in La Salle, CO
Abandoned water well venting gas
into showroom. 5 abandoned water
wells in area with gas (240-335 m)
Gas source/ origin?

USGS —> 1) gas composition and
2) stable isotope analysis

Gas was thermogenic, originating
from Codell formation (~7,000 ft)
Specific migration pathway not
determined



@ Natural Gas Origin Revisited
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MakeAGIF.com
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@ Denver Basin Baseline Groundwater Dataset
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|
A Wyoming Nebraska

Groundwater methane in relation to oil and gas

development and shallow coal seams in the
Denver-Julesburg Basin of Colorado

|
Owen A. Sherwood®', Jessica D. Rogers®, Greg Lackey®, Troy L. Burke®, Stephen G. Osborn®, and Joseph N. Ryan® _|
I
I

Anstitute of Arctic and Alpine Research, University of Colorado, Boulder, CO 8030% "Department of Civil, Environmental and Architectural Engineering,
University of Colorado, Boulder, CO 80309; and “Department of Geological Sdences, California State Polytechnical University, Pomona, CA 91768

Edited by Peter H. Gleick, Pacific Institute for Studies in Development, Environment, and Security, Oakland, CA, and approved June 7, 2016 (received for
review Movember 24, 2015)

Dissolved CHa (mg): [ state Aguifer Formations:
o ol delsced County Dawsan
& 0.1 nm Basin DHrweir
' -1 [ vastienberg Fisid Arapahos
s e [ Coal Fisids Laramie
* =3 Laramie-Fox Hills
Coal-Bearing Areas
® Thermogenic CHy - \Wrench Faulis Dakota-Cheyenne
Oil'Gaes Wislls High Plains
W Coal Samgles

From Sherwood et al. (2016)
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Sherwood et al. (2016) Groundwater Data
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n=924 groundwater wells
sampled

\ 4

Methane detected in
n=593 wells,
n=261 methane > 1 mg/I

\ 4

n=42 contained
thermogenic or mixed
biogenic/ thermogenic
ethane (32 separate cases)
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“Bradenhead” aka surface
casing annulus

Bradenhead pressure can
have multiple sources and
sustained pressure can be a
wellbore integrity indicator

Bradenhead pressure
monitoring generally required
monthly in CO and during HF

Bradenhead tests (Form 17)
required annually on all CO
wells

Samples can be collected
during testing (oil, gas, water)
for diagnostic testing

1/19/23

CONDUCTOR PIPE  —

WELL CONSTRUCTION STANDARDS

4— CEMENT
| |4 'FRESH WATER AQUIFER ZONE

SURFACE CASING — ;
| ¢— CEMENT

PRODUCTION CASING —— \ Surface Casing — Production
Casing Annulus aka

Bradenhead

SHALLOW PRODUCING ZONE

44— CEMENT

TARGET PRODUCING ZONE
lllustration courtesy of Southwestern Energy
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Bradenhead Sampling and Analysis

Denver:

Arapahoee
Laramiee
Laramie-Fox Hillse

Upper Pierre

Pierre Shale

Sussexe

Shannone

Sample Collection Point

(Surface casin
annular valve

——]

L —)

300m

Surface
Casing

-] 600m

1.

" 1,310-1,460m

Production
Casing

Example wellbore schematic with potential

bradenhead migration scenarios (Lackey, 2022)

......

LFh

I
2| [] GWA (Study Area)
| C__] Wattenberg Field

@ Oil & Gas Wells

. ¥ City

“y 1| Sample Type:

@ Surface Casing
@ Production
O Surface Casing

& Production

* Lackey et al. (2022) compiled
data from n=3,399 samples in

COGCC database

e Testing requirements different
for oils, gases, waters

* Analytical data can help to
determine source of annular
(bradenhead) pressure

Q1 2023 RMEHSPG Meeting

GWA Bradenhead Samples

187, 5%

m Aqueous Liquid m Gas m Non-aqueous Liquid
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1) Bradenhead Gas Analysis
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COGCC specifies:
- gas composition 4
- stable carbon (613C *

C1_C5 and COZ) and G e °F IR 5500

hydrogen (6D C,) ¥ { o p— _/?o/

Depth

SUSSEX (TERRY)SS ) 4300’

| PIERRE SHALE (

4800’

e o urface Casin
ISOtOpe a na IySIS \ 4 FT HAYS LIMESTONE ) =
e * A
Applications: (|-
Biogenic/ thermogenic — 15

m o

Forensics (source) * o T 8
T oo o ) —
DJ Basin Stratigraphy (Sonnenberg, 2011) 1 /C a rbO n Num ber
1/19/23 Q1 2023 RMEHSPG Meeting Natural Gas Isotope Plot of Denver Basin surface 1,

casing and production gas samples (Lackey, 2022)



2) Bradenhead Aqueous Liquid Analysis
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COGCC specifies analysis of:
- major anions (Cl, CO,, HCO,, SO,)
- major cations (Na, K, Ca, Mg)
- TDS
- BTEX , .
- Dissolved Gases St Diagram of average produced waters from

. . various formations in the Denver Basin (COGCC, 2022)
Applications:

- Diesel Range Organics (DRO) - Forensics, though more limited

- Gasoline Range Organics (GRO) - Determining petroleum content
Most aqueous bradenhead samples contain

hydrocarbons. BTEX detected in 99.7% COGCC GWA

bradenhead water samples per Lackey, 2022.
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3) Bradenhead Non-Aqueous Liquid Analysis
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" COGCC specifies Whole Oil Analysis
O . . .
_ c with biomarkers (phytane and pristane)
"_D:ﬁ Pristane
gﬂ Phytane
}’ Applications:
/ - - Forensics (source, degradation)
E / // lr; - Refined product vs crude oil
i EE /
= M 5 g i .3:
2 87 0
| 2
MLW i SUARPLIFANTU I

!

Increasing Boiling Point and Carbon # GC chromatogram courtesy of APT (Applied
= Petroleum Technology)
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@ Example GC Analysis of Base Oils in OBM'’s
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1/19/23 Q1 2023 RMEHSPG Meeting GC chromatograms courtesy of APT (Applied 17
Petroleum Technology)




@ Groundwater Investigations/ Complaints
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* Same analytical techniques are applied to
complaints/ groundwater investigations

* Integrated with production and
bradenhead gas sampling and pressure
testing of nearby (< 1 mi) oil and gas wells

* Dissolved gas in water well was isotopic
match to J-Sand production (eliminated
6/11 nearby wells as potential culprits)

CilrGas Well
@ Sampled OWGas Wells
= Culprit Well
W Themogenic CH4
s LFh Top Altlluda {m]
C 0.8 KmRadius (0.5 mi) [ER

D 1.6 Km Radius {1 mi)

From Sherwood et al. (2016)
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* High bradenhead pressure, short surface
casing identified the culprit well

* Remediation caused a significant drop in
gas flow rate from contaminated well

0 025 05



@ Summary
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* CO regs and dataset are unique
* n> 60,000 samples

* Chemical and/or isotopic analysis
required by COGCC:
* Groundwater monitoring
* Bradenhead monitoring

e These data can be used for: :
« Microbial (biogenic) vs A ——
thermoge nic gas Orlgl n Image from COGCC GIS Online, 2023

e Determining source of annular
fluids (oils, gases, waters)

* Forensic Investigations

Additional Questions? Please Contact
Patrick.Travers@PDTengineering.com
970-231-0320
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