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GEOLOGIC SEEPS
Dead Vegetation, Grayish Colored Soil
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4M PROJECT
Mapping, Monitoring, Modeling, and Mitigation

COGCC established the 3M (Mapping, Monitoring, and Modeling) Project to develop a more 

comprehensive understanding of outcrop seepage.

Expanded to 4M (Mitigation) in 2007

OPERATORS?



31MAPPING AND MONITORING

Vehicle
GPS/Geologic Mapping

Probes

Joint Effort

Monitoring Wells

Subsurface (reservoir), fixed-
point, gas/water pressures
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Flux Chambers

Surface, fixed point, flow

Monitoring Wells

Flux Meter since 2007
Slide Hammer/LEL Meter

Joint Effort



31FRUITLAND OUTCROP MONITORING

2007-2017
• La Plata County – COGCC Orders 112-156 and 112-157 (BP, XTO, Chevron)
• Archulta County - USFS and BLM: Decision Point 5 of the Record of Decision 

(ROD) to obtain approval of an application for permit to drill (Petrox)



FRUITLAND OUTCROP
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FRUITLAND OUTCROP



DETAILED MAPPING METHODS

WestSystems, LLC

Portable Flux Meter

Measures flux of CH4, H2S, and CO2

at the ground surface

Flux = Measure change in 
concentration in known area

Convert to mol/m2*day

Kettle/chamber

GPS

Backpack with 

detectors



DETAILED MAPPING METHODS

Aerial Infrared Survey
Grid Mapping System
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RESULTS
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6,120 – 4,150 MCFD 

18,165 MCFD 
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RESULTS

75% Decrease



CONVERSIONS AND ASSUMPTIONS

ρ = 0.0417 lb/ft3, 68 ⁰F and 1 atm

18,165 MCFD = 18,165,000 CFD

18,165,000
ft3

day
x 0.0417 

lbs

ft3 = 757,480.5
lbs

day

757,480.5
lbs

day

2,000
lbs

ton

= 378.74
tons

day

378.74
tons

day
x 365 days = 𝟏𝟑𝟖, 𝟐𝟒𝟎

𝐭𝐨𝐧𝐬

𝐲𝐞𝐚𝐫



RESULTS

Natural Spring

DISSOLVED METHANE (mg/L)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

September May October June October May October June May May May/June May/June May/June

Animas River Spring -- -- -- -- -- -- -- -- -- -- -- -- <0.02

Darwin Rather Spring #1 <0.0005 <0.0010 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Darwin Rather Spring #2 0.002 0.0017 -- <0.02 <0.02 <0.02 -- <0.02 <0.02 <0.02 -- -- --

Hoier Spring -- 0.0017 <0.02 <0.02 <0.02 <0.02 -- -- -- <0.02 1.27 <0.02 1.14

Gun Club Spring -- -- -- -- -- -- -- -- -- -- 4.22 4.22 2.50

Rancho Durango North 
Spring

-- <0.0010 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 -- -- -- -- --

Rancho Durango East Spring -- -- -- -- <0.02 -- -- -- -- -- -- -- --

Rancho Durango LTD Spring <0.0005 0.0016 <0.02 <0.02 <0.02 <0.02 <0.02 0.1 -- -- -- -- --

Vosburg Pike Spring -- -- -- -- -- -- -- -- -- -- -- -- --
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DESIGN

Installed in 2008-2009

4 collection areas 
initially

Best methane 
recovery observed 

near the creek

Subsequently added 
collection beneath 
creek with Corps of 
Engineers approval

0.8 acre collection area 
01 02

03

04

In 2012, BP took over 
O&M costs



CAPTURE
Captured Gas Routed to a Combustion Chamber

Capture of methane through collection system and manifold 

Compression

Microturbine
Electrical 
Output

Capture then 
compress methane 
to allow for operation 
of a turbine 
generator.

Oilfield gas 
compression 
equipment with low 
vacuum/suction to 
optimize recovery 
and minimize oxygen 
collection.

Microturbine
generator used for 
electrical generation. 
Spins at 30,000 to 
40,000 RPM and 
requires limited 
maintenance.

Electrical output is 
tied to the grid 15,200 MCF recovered

Excess is equal to demand for 4 to 5 homes
Proven sustainable use of an unconventional resource



FLIR SURVEY
To Identify Leaks

Forward-looking 
Infrared (FLIR) 

GF320 OGI camera

Identify leaks and 
quantify with flux 

meter

Areas of seepage 
on the edge of the 
liner = higher flux.

Valuable evaluation 
to more accurately 
measure flux

01 02

03

04
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CONCLUSIONS

SOURCE OF METHANE 
EMIISSIONS

Coalbed methane 

seepage has been 

observed historically and 

measured quantitatively 

since 2007.

SUIT data are not 

published and NM data 

have not been 

measured.

FUTURE WORK

Share data and 

compare to more 

detailed source data 

gathered by NOAA and 

NASA when published.

Continue to monitor 

according to COGCC 

requirements

TECHNOLOGY

Proven sustainable use of 

an unconventional 

resource.

Incorporating FLIR camera 

into seep investigations 

can be used to better 

quantify seepage along 

the outcrop.



THANK YOU!



CONVERSIONS AND ASSUMPTIONS

Molecular weight of methane = 16.04

SCFD =
kg

hr
x 2.204

lbs

kg
x

1 lb ·mol

16.04
x 379.3

SCF

1 lb ·mol
x 24

hrs

day

SCFD =
kg

hr
x 1,251.43

MCFD =
kg

hr
x 1.25143

18,165 MCFD =
kg

hr
x 1.25143

18,165 MCFD

1.25143
=

kg

hr

18,165 MCFD = 𝟏𝟒, 𝟓𝟏𝟓. 𝟒
𝐤𝐠

𝐡𝐫
= 140,124 ton/year


