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June 30, 2025

Colorado Energy & Carbon Management Commission
Colorado Department of Natural Resources

1120 Lincoln Street, Suite 801

Denver, Colorado 80203

Subject: Raton Basin Methane Seepage Study — Additional Investigation
Colorado Energy & Carbon Management Commission
Las Animas County, Colorado

To Whom it May Concern:

Ensolum, LLC (Ensolum) presents the following Raton Basin Methane Seepage Study —
Additional Investigation report summarizing an additional methane seep investigation conducted
by Ensolum in June 2025 at select parcels in Las Animas County, Colorado. This investigation
serves as a follow-up to the Hazard Assessment conducted by Ensolum and the Colorado Energy
& Carbon Management Commission (ECMC) in 2024 and 2025. The entire report detailing the
2024 methane investigation is presented in Appendix B — Methane Hazard Assessment Report
(Hazard Assessment) of SB23-186 Methane and Coalbed Methane Produced Water, published
by the ECMC. This report can be found in the following hyperlink:

Area Reports - Raton Basin | Colorado Energy & Carbon Management Commission

BACKGROUND

Ensolum, in coordination with ECMC, was tasked with fulfilling certain requirements in Colorado
State Senate Bill (SB) 23-186, which included locating previously unmapped methane seeps,
quantifying seep emissions, and assessing potential hazards posed by those seeps, throughout
select portions of the Raton Basin in southeastern Colorado. As part of this investigation, an aerial
survey was conducted to detect methane seeps throughout a 75 square-mile portion of the basin
deemed most likely to contain methane seeps. Following the aerial survey, Ensolum conducted
a ground-based survey to map the extent of accessibly identified methane seeps and quantify
total methane flux from each of those seep areas. Field work conducted by Ensolum for this
investigation took place over five weeks between July and September 2024.

The Hazard Assessment identified an area north of Highway 12 and the Primero Junior-Senior
High School as high priority for additional investigation due to the number of methane detections
identified during the 2024 aerial survey and their proximity to structures (Figure 1). Ensolum was
initially unable to obtain access to these properties in 2024, and no ground verification was
conducted in this area during the 2024 field investigation. ECMC prioritized these parcels for
additional investigation in 2025.

PROJECT METHODOLOGY

Ensolum and ECMC made additional attempts to obtain private property access to select parcels
in May and June of 2025. Access requests were mailed with a pre-stamped return postcard
containing a questionnaire, as well as an option to reply online through a quick response (QR)
code. In addition, some landowners were contacted by phone when no mail or QR code
responses were received. Ensolum and ECMC personnel received responses from three of the
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property owners and access was granted to conduct methane seep investigations at these
parcels. The properties where access was granted covered the majority of the area deemed high
priority by the Hazard Assessment.

Pedestrian Survey

Where access was granted, Ensolum conducted a ground-based pedestrian investigation to
confirm the presence or absence of methane seepage within suspect seep area (SSA) 25. The
flux surveys consisted of using a West Systems® portable gas flux meter (flux meter) to measure
the flow rate and extent of methane seepage, if detected, within the survey area. Measurements
were collected using a gridded sampling approach with grid nodes spaced 40 feet apart.
Additional measurements were collected at the discretion of field personnel. Where methane was
detected along the outer edges of the mapping area, additional grid points were established and
measured to determine the extent of methane seepage. Additional measurements were collected
between grid nodes if methane seepage was observed. Locations of measurements were limited
in some instances due to the presence of structures and land access. Vegetative conditions and
visible seep areas were noted, and photographs were taken where applicable (Appendix A).

The flux meter measures the flux of methane, hydrogen sulfide, and carbon dioxide by employing
individual gas-specific sensors that record the increases, if any, of gas concentrations over time
for a given surface area. These increases in concentration over time are proportional to the flux
of each gas. The result for each gas is reported as a mass flux in units of moles per square meter

per day (7:1—02[ /day). The flux meter components include an accumulation chamber connected by

circulation tubes to the gas detector unit. At each sampling point, the accumulation chamber is
placed on the ground surface to capture gas seeping from the ground. A fan in the chamber
continuously mixes the gases in the chamber during the measurement process. A pump moves
gases in the accumulation chamber to the detector unit. After passing through the detector unit,
gases are returned to the chamber. This closed-loop process allows soil gases discharging to the
chamber to increase in concentration over time. Increases in concentration are measured and
recorded automatically. No gas is allowed to escape the system, nor is a vacuum created during
the process. This enables measurement of natural gas seep conditions, if present.

The methane sensor within the flux meter unit has a range of 0 parts per million (ppm) to

1,000,000 ppm (0-100 percent (%)). The flux meter methane measurement range is
mol

0.0 (— /day) to 750 (7;—021 /day). Gas concentrations are recorded at 1-second intervals and
directly downloaded via Bluetooth® connection to a handheld tablet, which is connected via
Bluetooth® to a Trimble® Catalyst™ DA2 global positioning system (GPS) unit. Other
measurements recorded include barometric pressure, temperature, date, and time. An integrated
West Systems Flux Manager 2® software application on the handheld tablet records the gas flux
measurements. The software plots the curve of gas concentration versus time for each
measurement collected and selects the best-fit line for the curve generated. The slope of the best-

fit line is proportional to the flux at the measurement point.

The GPS data are collected in the World Geodetic System 1984 (WGS 84) and projected in
Universal Transverse Mercator (UTM) Zone 13 South, North American Datum 1983 (NAD 83) for
use in ArcGIS®. Measurements collected with the GPS unit are generally within 1-meter accuracy.

Individual volumetric flux measurements were compiled for each mapped seep area and
processed to interpret approximate total methane volume rates emitted from each individual seep
area in units of thousand cubic feet per day (MCFD). The volumetric flux of methane for each
mapping area was modeled and estimated where sufficient reportable methane flux data points
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were available. Flux data were interpolated and gridded, then contoured and processed to
estimate total volumetric flux.

The unit conversion is based on the molecular weight of the gas and the density of the gas at
approximately 7,100 feet above mean sea level (amsl) and an average temperature of 26 degrees
Celsius (°C).

For methane flux, the calculation is as follows:

molCHs x 16.04276 gCH, x 0.0698 ft*CH, = ft3 CH,
day mol CH, g CHs day

For example,

1.0 mol/day CH4=1.12 CFD CHa

Notes:
ft2 — cubic feet CH. — methane g—gram
CFD — cubic feet per day mol - mole

The volumetric flux values calculated are estimates, as interpolation calculation techniques are
highly sensitive to data skewness and can result in changes in calculated flux values based on
measurements made at only a few locations. In addition to calculating volumetric flux rates in
MCFD, methane mass is reported in kilograms per day (kg/day), which is not affected by
atmospheric variables (Table 1).

RESULTS

The flux mapping grid originally established for SSA25 was developed as one large suspect seep
area, due to the plume geometry observed during the 2024 aerial survey. However, once field
investigations began, it became apparent that this area contained multiple methane sources
throughout the 3 properties. Therefore, the naming conventions used to identify the individual
suspect seep areas in this investigation start with SSA25A on the eastern edge of the investigation
area and end with SSA25E, on the western edge of the investigation area. Seep area locations,
extents, structures and methane flux contours are presented on Figure 2. The local flora in this
investigation area is comprised of high desert Pifon/Juniper Forest.

Individual flux measurements were collected from a total of 273 points, 52 of which exhibited
positive methane flux. A total of five distinct seep areas (SSA25A through SSA25E) were
identified through the three properties investigated by Ensolum and are presented on Figure 2.
Methane flux and mass emissions from SSA25D and SSA25E were combined and reported as
one seep area due to their general proximity to each other on the same parcel. Flux rates, mass
emissions and seep area details are presented in Table 1.

The total estimated methane flux from all five suspect seep areas measured for this investigation
was 21.92 MCFD, with a mass emission rate of 313.95 kg/day. The largest volumetric methane
flux was observed at SSA25A, which accounted for approximately 64% of the methane flux for
this investigation. SSA25A also covered the largest area. A total of 68 individual flux
measurements were collected from this seep area, 22 of which exhibited positive methane flux
(Figure 3). The estimated methane flux for SSA25A was 14.01 MCFD, with an estimated mass
emission rate of 200.71 kg/day.
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DISCUSSION

The goal of this investigation was to identify methane seeps, map the seeps geometry, and
quantify methane flux and mass emissions, to provide ECMC with additional information regarding
methane seepage in this select area of interest. This investigation confirmed there are two distinct
methane seeps (SSA25B and SSA25C) in close proximity to residential households and/or
outbuildings or sheds; however, this investigation was not tasked to define the source of the
methane identified, which could potentially be related to anthropogenic sources such as sewer
line leaks or leach field gas.

Positive methane flux in seep area SSA25B was observed along the base of a hillside on the
north side of the residence, in a generally east-west orientation (Appendix A, Photograph 3). The
closest locations that delineation flux measurements could be collected to the south were
approximately 50 feet away on the other side of the residence. Typically, delineation flux
measurements would have been collected within a 20-foot proximity to the positive flux
measurements to better constrain the seeps geometry. Due to the location of the residence,
delineation measurement locations were limited.

An open-ended drain was observed just south of SSA25D. It was confirmed the drain was
contributing to methane flux and is considered an anthropogenic methane source and omitted
from this investigation. In addition, sewer gas odor was noted in portions of southern SSA25C
and was apparent when collecting a subsurface soil gas sample from this seep. The source of
the odor was not identified as part of this investigation.

The western edge of SSA25C was not delineated due to lack of property access. The
methodology used for modeling seeps identified as part of this investigation can be impacted by
the ability to constrain seep extents with delineation measurements in the field, therefore the
extent and geometry of the modeled seep areas, namely the south end of SSA25B and the west
end of SSA25C, may be exaggerated.

CONCLUSIONS

Ensolum was tasked with investigating an area of interest north of Highway 12 and the Primero
Junior-Senior High School due to the close proximity of methane detections to residential
structures identified as part of the aerial survey and detailed in the Hazard Assessment. The field
investigation identified five distinct seep areas (SSA25A through SSA25E) throughout the area of
interest. Methane was detected in close proximity to structures, most notably near SSA25B and
SSA25C.

Results of the methane seep investigation indicated the presence of methane with a total flux of
21.92 MCFD or mass emission rate of 313.95 kg/day. While the methane sources were not
definitively identified as part of this investigation, there is the possibility that some of the methane
identified is derived from anthropogenic sources due to the proximity of underground residential
sewage infrastructure. Overall, this investigation has expanded on the previous methane seepage
study completed in 2024 related to SB23-186 and provides additional data indicating methane
seeps related to coalbed methane are present in this portion of the Raton Basin. This
investigation, along with findings from the Hazard Assessment, suggest that additional areas not
previously accessible could potentially contain methane. Future efforts to gain access may be
warranted to assess the presence or absence of methane seepage, and identify potential hazards
associated with those methane seeps.
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Ensolum appreciates the opportunity to provide this report to ECMC. Please contact either of the
undersigned with any questions.

Sincerely,
ENSOLUM, LLC

y .
7/) & sl
R W T

i
Reece Hanson Devin Hencmann

Project Geologist Associate Principal Geologist
(970) 210-9803 (970) 403-6023
rhanson@ensolum.com dhencmann@ensolum.com
APPENDICES

Figure 1 — Approximate Area of Interest
Figure 2 — Seep Areas and Land Access
Figure 3 — Methane Flux Contours SSA25A
Figure 4 — Methane Flux Contours SSA25B
Figure 5 — Methane Flux Contours SSA25C
Figure 6 — Methane Flux Contours SSA25D
Figure 7 — Methane Flux Contours SSA25E

Table 1 — Mapped Seep Areas

Appendix A — Photographic Log

Page 5 of 5

[l ENSOLUM



[l ENSOLUM

FIGURES









- ENSOLUM, LLC\Desktop\Ensolum GIS\Ensolum GIS\1 - Durango\COGCC\Raton Basin Methane\Raton 2025

Default Folder: C:\Users\Greg Palese\OneDrive

0 25 50 100
B S cct

Sources: Environmental Systems Research Institute (ESRI), Maxar, Microsoft

Legend

Methane Flux
Measurements

Methane Flux Contours

Methane Flux
Concentration
"~ 10.20-0.49
] 0.50-0.99
" 11.00-1.99
2.00-4.99
I 5.00-9.99
I 10.00-49.99
B >50.00

Structures

Notes:

Flux Measurement in Moles Per
Square Meter Per Day (mol/m?/day)
Flux Concentration (mol/m?/day)
Flux Measurements with a value of
zero are not labeled

Methane Flux Contours
SSA25A

Raton Basin Methane
Seepage Study
Colorado Energy and Carbon
Management Commission

Raton Basin, Colorado
Las Animas County, Colorado

Figure
3




N
Legend
Methane Flux A
Measurements

—— Methane Flux Contours

Methane Flux

Concentration
0.20-0.49
0.50-0.99
1.00-1.99
2.00-4.99
5.00-9.99
B >10.00 ©
Structures
o)
0
o)
o)
0
o)
o)
o o}
o)
0
© o
o)
o)
o)
o)
Notes:
Flux Measurement in Moles Per Square Meter Per Day
(mol/m?/day)
0 20 40 80 Flux Concentration (mol/m?/day)
I N cct Flux Measurements with a value of zero are not labeled

Methane Flux Contours
SSSA25B

Raton Basin Methane Seepage Study Flgure
Colorado Energy and Carbon Management Commission 4

Raton Basin, Colorado
Las Animas County, Colorado

Sources: Environmental Systems Research Institute (ESRI), Maxar, Microsoft




Legend

Methane Flux
Measurements

—— Methane Flux Contours

Methane Flux

Concentration
0.20-0.49
0.50-0.99
1.00-1.99
2.00-4.99
5.00-9.99

B >10.00

Structures

0 25 50 100
I N cct

e}
o o
o]
o
© o
o
o (o]
o o
o
o
o
o
o
°© o
o
o
e}
o o o
O o
o
o
o
o
o
o
o o
o
o

Notes:

Flux Measurement in Moles Per Square Meter Per Day

(mol/m?/day)

Flux Concentration (mol/m?/day)
Flux Measurements with a value of zero are not labeled

Methane Flux Contours
SSSA25C

Raton Basin Methane Seepage Study Flgure
Colorado Energy and Carbon Management Commission 5

Raton Basin, Colorado
Las Animas County, Colorado

Sources: Environmental Systems Research Institute (ESRI), Maxar, Microsoft




ve - ENSOLUM, LLC\Desktop\Ensolum GIS\Ensolum GIS\1 - Durango\COGCC\Raton Basin Methane\Raton 2025

Default Folder: C:\Users\Greg Palese\OneDri

0 15 30 60
I N cct

Sources: Environmental Systems Research Institute (ESRI), Maxar, Microsoft

Legend

Methane Flux
Measurements

—— Methane Flux Contours

Methane Flux

Concentration
0.20-0.49
0.50-0.99
1.00-1.99
2.00-4.99
5.00-9.99

B >10.00

Structures

Notes:

Flux Measurement in Moles Per
Square Meter Per Day (mol/m?/day)
Flux Concentration (mol/m?/day)
Flux Measurements with a value of
zero are not labeled

Methane Flux Contours
SSA25D

Raton Basin Methane
Seepage Study
Colorado Energy and Carbon
Management Commission

Raton Basin, Colorado
Las Animas County, Colorado

Figure
6




N
Legend
Methane Flux A
Measurements
—— Methane Flux Contours °
Methane Flux o
Concentration o
0.20-0.49 o
0.50-0.99
1.00-1.99
2.00-4.99
5.00-9.99 o
Structures
o
o © ©
o
o
o o)
o)
o) o
o)
o
o
o
o
o)
(o] o o
o)
o
Notes:
o Flux Measurement in Moles Per Square Meter Per Day
o o) (mol/m?/day)
0 20 40 80 Flux Concentration (mol/m?/day)
I N Fcet Flux Measurements with a value of zero are not labeled
Methane Flux Contours
. Figure
Raton Basin Methane Seepage Study g
Colorado Energy and Carbon Management Commission 7
Raton Basin, Colorado
Las Animas County, Colorado

Sources: Environmental Systems Research Institute (ESRI), Maxar, Microsoft




[l ENSOLUM

TABLES



[l ENSOLUM

TABLE 1
MAPPED SEEP AREAS

Raton Basin Methane Seepage Study - Additional Investigation

Las Animas County, Colorado

Colorado Energy and Carbon Management Commission

Number of Sample Maximum Flux Methane Mass per | Estimated Methane
. Total Number of . . e Flux Rate
Mapping Area Sample Point Points With Positive Measurement T Day Volume Rate
P Methane Flux (mol/mA2/Day) y (kg/Day) (MCFD)
SSA25A 68 22 63.0 12,513.07 200.71 14.01
SSA25B 57 11 27.0 2,844 .43 45.62 3.19
SSA25C 86 15 15.7 2,797.48 44.87 3.13
SSA25D/SSA25E 62 4 18.7 1,417.78 22.74 1.59
Totals 273 52 - 19,572.76 313.95 21.92

Notes:
SSA: Suspect Seep Area

kg: Kilograms

MCFD: Thousand Cubic Feet per Day

Calculations based on a molar mass of 16.04276 grams per mole methane

MCFD calculated using an average temperature of 26 degrees Celsius and 0.775 standard atmosphere (atm)

(mol/m”~2/Day): moles per meter squared per day
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Appendix A
Photographic Log
Additional Investigation
Raton Basin Methane Seep Study
Colorado Energy & Carbon Management Commission

Photograph: 1 Date: 6/17/2025
E E N s o L U M Description: SSA25A View: West




Appendix A
Photographic Log
Additional Investigation
Raton Basin Methane Seep Study
Colorado Energy & Carbon Management Commission

Photograph: 2

Description: SSA25A dead and stressed
vegetation along hillside

Date: 6/17/2025

View: East
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Photographic Log
Additional Investigation
Raton Basin Methane Seep Study
Colorado Energy & Carbon Management Commission

Photograph: 3

Description: SSA25B, methane observed in garden behind
chainlink fence. Seep continues east along northern edge of
house and west of the pictured retaining wall.

Date: 6/17/2025

View: North

[El ENSOLUM




Appendix A
Photographic Log
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Photograph: 4 Date: 6/19/2025
E E N s o L U M Description: North of SSA25C View: Southeast
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Photographic Log
Additional Investigation
Raton Basin Methane Seep Study
Colorado Energy & Carbon Management Commission

Photograph: 6

Description: Confirming anthropogenic sourced methane
from vent/drain, south of SSA25E

Date: 6/18/2025

View: West
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