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Fairfax District, Los Angeles
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Sources of Methane

e BIOGENIC METHANE
" Marsh gas, methane hydrates
® Landfill gas

" Degradation of petroleum products
e THERMOGENIC METHANE
" Pipeline gas

" Migrated petroleum gas




Biogenic Methane Formation

CO, Reduction

CO,+8H mmmp CH,+2H,0

Fermentation

CH,-# CO,”+ H® mmm)p CH,+CO,

7BV




Thermogenic Methane Formation

Mature Source Rock

Kerogen mmmp CH,+ C,Hg + C;H,, etc.

Overmature Source Rock

Petroleum Ol
) CH, + Trace C,Hg, C;Hg, etc.

Petroleum Gas

7BV




Gas Composition and Isotope Ratio

Biogenic gas

Mixed gases

C1 / (C2+C3)

1

Thermogenic
gas

81 BCPDBOf CH4%0

After Bernard (1978)




O13C Values of Geochemical Materials
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Methane Isotope Ratios

Biogenic

CO, Reduction

Biogenic

Fermentation

Thermogenic
Processes
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Complications: Methane Oxidation

CH,+20, ==) CO,+2H,0

e OFTEN OCCURS IN THE NEAR SURFACE

e CAN ALTER ISOTOPIC SIGNATURE




Methane Oxidation

12C — X Bonds are weaker than 1°C — X Bonds

In a chemical reaction, 2C — X Bonds break faster
than 13C — X Bonds

If reaction proceeds to completion — all CH, goes to CO, -
iIsotope ratio in product is the same as in starting
material

If reaction is partially completed, 2C is
concentrated in product, and 3C is concentrated
in starting material

S arting material (CH,) changes to lower 8'3C values




Alteration of Methane Isotope Ratios
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Case Study: Origin of Gas Seeps

B Red Lines
OIL AND GAS WELLS
® Oil and Gas Wells
API Number
HISTORIC WELLS
Q@ |
EE] AERIALS2009 ‘ -

PSRl this well still exists | '
= - W and we will attempt [
Historic wells are approximate b
locations of oil wells from 1904 4 e
map of the field, 1908/1909 USGS

reports and 1954 map of the field. | |

Red dot is location of well plugged| &

in 2009, which did not vent

combustible gases at time of

plugging.

The arrows point to two existing

wells that we will sample at some

point. Landowner denies their

existence at present, but we have

seen the casings and one is still

supplying gas to the house.
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as Seeps
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Seep Sample locations
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Figure 2. Seep gas locations




and Gas Production Wells

[plugged well at seelp area - no sample | g as Sa m p |e |Ocat|0 n S
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water well near 535
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Figure 1. Gas sample well locations
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Methane Isotope Ratios

Water Well near 535 ¢ 05-043 -40085’ ® 05-043-40086
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Boxes show standard deviations of seep gases and
well gases. Values for outlier sample “05-043-40088”
were not used to calculate standard deviations.
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Methane Genetic Fields

Thermogenic

Biogenic
CO, reduction

Biogenic
fermentation




Gas Explosion Los Angeles

e Explosion in an apartment underground parking

e Residual gas was collected

ZymaX ID Sample ID o13C oD ppm ppm

42122-2 #369 from B9-C2 -38.2 -199.1 8105 5.1

42122-3 #339 from B9-C1 -39.4 -203.3 2095 15.9
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Gas Explosion Los Angeles " o Anatytical”

Figure 1

Thermogenic

i i Reservoir Gasgs
Microbial Gas D
CO2 Reduction

Microbial Gas
Fermentation

After Coleman et al (1995)




Marsh Gas
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“Comes right outta th’
ground. If ya can smell it, it’s
too late.” —Keevy Bogsbury




So1l Methane, California

LEGEND
APN #
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e Methane in soil at recreational ground

e North is service station with gasoline

release




So1l Methane, California

Sample ID

SB-6V-5 (8/24/11)
SB-5V-5 (8/24/11)
SB-2V-5 (8/24/11)
SB-10V-5 (8/26/11)
SB-2V-5 (8/26/11)
SB-8V-5 (8/26/11)
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So1l Methane, California
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Soil Methane, California /_hce Analytical

Sample ID " CH,
5 °C

SB-6V-5 (8/24/11)

SB-5V-5 (8/24/11)

SB-2V-5 (8/24/11) -66.9
SB-10V-5 (8/26/11)

SB-2V-5 (8/26/11) -67.2
SB-8V-5 (8/26/11) -70.1

e Samples with the highest CH, concentrations (SB2V)
contain the heaviest CO,

e Consistent with CO, reduction to CH,

7BV




[Landfill Gas
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[Landfill Gas Characteristics

Fermentation

CH,-£ CO,”+ H™ mmmp CH,+CO,

e ABUNDANT CO,

e OFTEN HIGH TRITIUM CONTENT IN METHANE




[Landfill Site
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So1l Gas Composition
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Methane from Hydrocarbon Degradation
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14 C Analysis

14C Activity
Percent Modern Carbon
THERMOGENIC METHANE: 0 pMC

BIOGENIC METHANE
" Marsh gas: ~30 - ~120 pMC
= Landfill gas: ~120 - ~150 pMC

" Degradation of petroleum products: 0 pMC




14 C Analysis
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Methane at Service Station Site
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14C in Methane at Service Station Site
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Source Characterization Flow Chart

FUGITIVE HYDROCARBON GAS

C,-Cs
GC/FID
Low C1/C1‘C§ High C|IC1-C5
THERMOGENIC GAS MICROBIAL GAS
Pipeline Gas, Migrated
Petroleurn Gas THERMOGENIC GAS
METHANE

&3¢ AND D /

813C=-90%0 to -60%o
OD=-240%o0 to -150%o0

MICROBIAL GAS
CO; Reduction

8'3C=-65%0 to -40%o
OD=-350%o0 to -2509%o0

MICROBIAL GAS
Acetate Fermenation
Swamp Gas, Landfill Gas
Petroleum Product Degradation

\

8'3C=-60%o0 to >-30%0

OD=-250%0 to >-120%o0
1 1

MICROBIAL GAS
Oxidized Microbial Gas

THERMOGENIC GAS
Dry Petroleum Gas
Coal Gas
Migrated Petroleum Gas
Migrated Pipeline Gas




METHANE

d'3c AND 3D /

\

313C=-90%0 to -60%o 013C=-65%0 to -40%o 813C=-60%o0 to >-30%o
OD=-240%o0 to -150%o0 OD=-350%o0 to -250%o0 OD=-250%0 to >-120%o0
MICROBIAL GAS MICROBIAL GAS . ;
CO; Reduction Acetate Fermenation Ox;g:doh?iu“;)?r(? TH:RR:eOGlENI%aGAS
Swamp Gas, Landfill Gas ol Yy C;'::, g‘;’: s
Petroleum Product Degradation Migrated Petroleum Gas
Migrated Pipeline Gas
14C Analysis
opMC >120pMC 30-120pMC opMC
Petroleum Product Landfill Gas Swamp Gas Dry Petroleum Gas
Degradation Coal Gas
Migrated Petroleum Gas
Migrated Pipeline Gas
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