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Image Credit: NOAA. WMO

The warmer than average waters of El Niño in the Eastern equatorial Pacific (shown in 
orange on the map), affects weather around the world. 
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Methane
What it is:
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 Methane (CH4) is a simple molecule with 
one carbon surrounded by four hydrogen 
atoms. 

 Atmospheric Life: 12 years 1

 Global Warming Potential 1

• 100 year : 25-28 CO2 E
• 20 year: 84-86 CO2 E

It is created predominantly by 
bacteria that feed on organic material 
in anaerobic condition.2

Source:
1- USGCRP, 2017: Climate Science Special Report: Fourth National Climate Assessment, 

2 - Gavin Schmidt, NASA Earth Science Division. “Methane: A Scientific Journey from Obscurity to Climate Super-Stardom,” September 2004. 

Methane
Background: 

www.moderngeosciences.com

1948
• Methane detected in atmosphere.2

1971
• "Methane has no direct effects on the climate or the biosphere [and] it is considered to be 

of no importance“- stated in the first survey on the possibility of inadvertent human 
modification of climate.2

1976
• NASA: Methane absorbs infrared radiation identified by Wei-Chyung Wang and colleagues 

at NASA GISS.2

2001
• IPCC’s report had in-depth discussion about Methane’s impact to Global Warming.2

2004
• NASA: Methane: A Scientific Journey from Obscurity to Climate Super-Stardom identified 

the potential impact of Methane.2

2014
• Obama’s Climate Action plan with Methane Strategy3

[ 4 ]

Source:
2-Gavin Schmidt, NASA, Earth Science Division. “Methane: A Scientific Journey from Obscurity to Climate Super-Stardom.” September 2004. 

3- Legislative Attorney. Congressional Research Service. “EPA’s recent Methane Regulations: legal Over View”. September 6, 2016.
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3 key factors that relates CH4 to Climate Change: 
1. Methane absorbs infrared radiation : Wei-

Chyung Wang and colleagues at NASA GISS 
identified in 1976. 

2. Isotopic Ice Cores Analyses conducted by both 
European and American research teams revealed 
the relationship to the industrialization (mid 1800) 
and atmospheric concentration increase in carbon 
dioxide (CO2) and methane (CH4).  

3. Methane rapidly increases in a warming 
climate with a small lag behind temperature, 
thus not only does methane affect climate through 
greenhouse effects, but it in turn can evidently be 
affected by climate itself

[ 5 ]

Methane
Back Ground: 

Methane
Atmospheric Concentration

www.moderngeosciences.com[ 6 ]

Periodic Images of Methane Increase: 

Source: USGCRP, 2017: “Climate Science Special Report: Fourth National Climate Assessment, 
Volume I “ Chapter 2. https://science2017.globalchange.gov/

 Current global mean value near 1840 ppb by volume
 Methane concentration has increased by a factor of 

about 2.5 over the industrial era.
 The annual growth rate for methane has been more 

variable than that for Carbon Dioxide (CO2) and Nitrous 
Oxide (N2O) over the past several decades, and has 
occasionally been negative for short periods. 

 Uncertainty remains in the cause(s) of the 
approximately 20-year negative trend in the methane 
annual growth rate starting in the mid-1980s.

USGCRP 2017 4th National Climate Assessment 
Report. CH4 in last 800,000 years. 

USGCRP 2017 4th National Climate Assessment 
Report. CH4 1750-2015. 

Image AQUA Satellite, NASA.
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Methane:
Global Budget
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 The methane budget is complicated by 
the variety of natural and anthropogenic 
sources and sinks that influence its 
atmospheric concentration. 

 Global abundance of the hydroxyl 
radical (OH), controls the methane 
atmospheric lifetime. 

 Changes in large-scale anthropogenic 
activities such as mining, natural gas 
extraction, animal husbandry, and 
agricultural practices; and natural 
wetland emissions influences global 
budget.

[ 7 ]

Image: Rough schematic of methane sources and sinks. (NASA GISS). 

Image: Artic Methane Sources. AMAP.  

Source: USGCRP, 2017: “Climate Science Special Report: Fourth National Climate Assessment, 
Volume I “ Chapter 2. https://science2017.globalchange.gov/

www.moderngeosciences.com

 Global mean methane concentration 
and RF have grown substantially in the 
industrial era. 

 Increases in methane from 
anthropogenic activities increase 
stratospheric water vapor, producing a 
positive RF, as water vapor abundances 
are controlled by transport from the 
troposphere and from oxidation of 
methane. 

[ 8 ]

Methane
Radiative Forcing (RF):

Source: USGCRP 2017: 4th National Climate Assessment Volume I



11/15/2017

Modern Geosciences 5

Global Warming
Global Warming: Few Facts
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 Global annually averaged surface air temperature has 
increased by about 1.8°F (1.0°C) over the last 115 
years (1901–2016). This period (last three years) is 
warmest in the history  of Modern civilization.

 Global average sea level has risen by about 7–8 
inches since 1900, with almost half (about 3 inches) of 
that rise occurring since 1993.

 The magnitude of climate change beyond the next few 
decades will depend primarily on the amount of 
greenhouse gases emitted globally. Without significant 
reduction in GHG emissions, annual average global 
temperature relative to preindustrial times could 
reach 9°F (5°C) or more by the end of this century. 

 In 2014 and 2015, emission growth rates slowed 
as economic growth became less carbon-intensive.

[ 9 ]

Source: USGCRP 2017: 4th National Climate Assessment Volume I

Global Warming
Sea Level Rise

Source: USGCRP 2017: 4th National 
Climate Assessment Volume I www.moderngeosciences.com
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Global Warming
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 July 2017 was about 0.83 degrees Celsius 
warmer than the mean July from the 1951–
1980 period. July 2016 showed a similarly high 
temperature (0.82°C). The three previous 
global highs were set in 2015, 2011, and 2009.

 The global temperature anomalies for every 
month since 1880, a 137-year record.
• Each line shows how much the global 

monthly temperature was above or below 
the annual global mean from 1980–2015. 

• a result of the Modern-Era Retrospective 
analysis for Research and Applications, 
version 2 (MERRA-2) model run by NASA’s 
Global Modeling and Assimilation Office. 

[ 11 ]

Source: NASA Earth Science Division Aug. 22, 2016 
https://www.giss.nasa.gov/research/features/201708_hotjuly/

Global Warming

www.moderngeosciences.com[ 12 ]

Source: NASA Earth Science Division Aug. 22, 2016 
https://www.giss.nasa.gov/research/features/201708_hotjuly/
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September sea ice extent and age 
shown for 1984 and 2016. The bar 
graph in the lower right of each panel 
illustrates the sea ice area (unit: million 
km2) covered within each age category 
(> 1 year), and the green bars represent 
the maximum extent for each age range 
during the record. 

Source: USGCRP 2017: 4th National 
Climate Assessment Volume I

Global Warming
Sea Ice Extent Reduction

www.moderngeosciences.com
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Methane:  
State of Global Climate

6 November 2017 (WMO) – It is very likely that 2017 will be one of the three hottest years on record, with 
many high-impact events including catastrophic hurricanes and floods, debilitating heatwaves and drought. 
Long-term indicators of climate change such as increasing carbon dioxide concentrations, sea level rise and 
ocean acidification continue unabated. Arctic sea ice coverage remains below average and previously stable 
Antarctic sea ice extent was at or near a record low.

www.moderngeosciences.com[ 15 ]

Source: United Nations

Methane:  
Extreme Events and Impacts

“We have witnessed extraordinary weather, including temperatures topping 50 degrees Celsius in Asia, record-breaking 
hurricanes in rapid succession in the Caribbean and Atlantic reaching as far as Ireland, devastating monsoon flooding 
affecting many millions of people and a relentless drought in East Africa.” - WMO Secretary-General Petteri Taalas.

Extreme events affect the food security of millions of people, especially the most vulnerable. A review of the Food and 
Agriculture Organisation (FAO) found that, in developing countries, agriculture (crops, livestock, fisheries, aquaculture and 
forestry) accounted for 26% of all the damage and loss associated with medium to large-scale storms, floods and drought.

www.moderngeosciences.com[ 16 ]
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Methane Cycle

Source: Encyclopedia Britannica: Greenhouse Gas. 
https://www.britannica.com/science/greenhouse-gas

www.moderngeosciences.com[ 17 ]

Methane
Sources

www.moderngeosciences.com

Major Natural Sources 
 Wetlands
 Termites
 Ocean Water
 Fresh Water

Major Anthropogenic Sources 
 Natural Gas and Petroleum Systems
 Rice Paddies 
 Biomas Burning
 Landfills 
 Coal Mining
 Gas Production 

[ 18 ]

Source: NASA GISS 2004

Source: EPA 2015 GHG Emission Inventory

U.S. Sources:



11/15/2017

Modern Geosciences 10

Methane
Global Anthropogenic Sources
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Source: Global Methane initiatives. https://www.globalmethane.org

Global GHG Emissions

www.moderngeosciences.com[ 20 ]

Source: IPCC 5th Assessment Report, 2014. 
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Global Methane Contribution 
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Source: USGCRP 2017: 4th National Climate Assessment Volume I

In 2011 based on top-down 
analyses, about 60% 
emissions were from 
anthropogenic sources.

Methane: Anthropogenic Sources

www.moderngeosciences.com

 Oil and Gas Productions Systems: Accounts for 
about 20% of global manmade CH4 production. 

 Landfills: accounts for 11% of total global 
manmade CH4  production. Which is the 3rd

largest source globally. 
 Wastewater Treatment Plant (WWTP): 

accounts for 7% of total global manmade CH4
production. Which is the 5th largest source 
globally. 

 Manure Management: accounts for 4% of total 
global manmade CH4  production.

[ 22 ]

Source: Global Methane initiatives. https://www.globalmethane.org
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Methane
Climate Action Plan: Methane Strategy
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 Obama’s Climate Action Plan (CAP) announced 
Methane Strategy (June 23, 2013)

1. Voluntary Actions
Oil and Gas Industries:

• Natural Gas STAR Program
• Natural Gas STAR International
• Methane Challenge Program

CAFOs: 
• Ag Star Program: AgSTAR promotes the use of biogas 

recovery systems to reduce methane emissions from livestock 
waste

2. Regulatory Updates
• 2016 NSPS : first ever controls on methane emissions 

from equipment and activities in the oil and gas sector. 
• June 3, 2016 – Final (targets Oil & Gas industries)
• August 29, 2016: Landfill Gas Emissions. 

[ 23 ]

Methane
Ag Star Program

www.moderngeosciences.com[ 24 ]

Current Anaerobic Digester Projects in the United States
Image Credit: EPA 2016
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Methane
Anthropogenic Sources: Oil and Gas Production

www.moderngeosciences.com[ 25 ]

Image Credit: Stanford University School of Earth Sciences. "Methane Leaks from North 
American Natural Gas Systems.“ Feb 2014

Methane
Anthropogenic Sources: Landfills

www.moderngeosciences.com[ 26 ]

Credit: US. EPA Landfill Methane Outreach Program. June 2017. 
https://www.epa.gov/sites/production/files/2017-06/documents/overview_lmop_lfg_us.pdf.  

Landfill Gas 
 ~50% methane (CH4) 
 ~50% carbon dioxide 

(CO2) 
 <1% non-methane organic 

compounds (NMOCs)
Applicable federal Clean Air Act 
regulations may include: 

• New Source Performance 
Standards (NSPS) /                                  
Emission Guidelines (EG) 

• Title V 
• Maximum Achievable 

Control Technology (MACT) 
• New Source Review (NSR) 
• Prevention of Significant 

Deterioration (PSD)
• Greenhouse Gas Reporting 

Rule

1 million tons of MSW generates LFG that could be used to produce*:
~0.78 megawatts (MW) of electricity, or
~432,000 cubic feet per day of LFG, or
433,700 gallons of gasoline equivalent (GGEs) per year of CNG
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Methane
Regulatory Update: Time Line-Obama Era

www.moderngeosciences.com[ 27 ]

June 23 
2013

• Obama’s Climate Action Plan
• Methane Reduction Strategy

January14
2015

• Goal to cut Methane emissions from the oil and gas sector by 40-45% from 2012 
levels by 2025

August 
2015

• Proposed a Rule Revision to 2012 NSPS. 

June 3
2016

• NSPS final Rule Targeting Oil & Gas Industries (on-shore)

August 
29, 2016

• NSPS final Rule Reducing Landfill Gas Emissions. 

November 
18, 

2016

• Bureau of Land Management (BLM) promulgated a Waste Prevention, Royalties and 
Resource Conservation” rule to target natural gas emissions.

Methane Regulatory Update: 
Time Line- Trump Administration

www.moderngeosciences.com[ 28 ]

March 28, 
2017

• Trump Administration signed executive order to review existing regulations and “appropriately 
suspend, revise, or rescind those that unduly burden” domestic energy production and use.1

• Section 7 of the order directs the EPA Administrator and the Secretary of the Interior to review 
several regulations including EPA’s 2016 methane standards and BLM’s 2016 waste prevention rule.1

June 2017

• Both EPA and BLM announced plans to postpone the compliance dates for certain sections of the 
standards, pursuant to the Clean Air Act and the Administrative Procedure Act, while the agencies 
work through the reconsideration process.1

July 2017

• U.S. Court of Appeals for the District of Columbia Circuit vacated EPA’s administrative stay of the 
2016.1

• California, New Mexico, and more than a dozen environmental and tribal groups filed lawsuits 
challenging the legality of BLM’s rule delay.1

August 
2017

• Federal Court Stated: The EPA must enforce Obama era pollution limits for the oil and gas industry.2

Source:
1: Legislative Attorney. Congressional Research Service. “EPA’s recent Methane Regulations: legal Over View”. September 6, 2016. 

2:CNN, Rene Marsh. EPA ordered to enforce Obama-era methane pollution rule August 1, 2017. 
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Methane Regulatory Update: 
Time Line- Trump Administration

www.moderngeosciences.com[ 29 ]

March 28, 
2017

• Trump Administration signed executive order to review existing regulations and “appropriately 
suspend, revise, or rescind those that unduly burden” domestic energy production and use.1

• Section 7 of the order directs the EPA Administrator and the Secretary of the Interior to review 
several regulations including EPA’s 2016 methane standards and BLM’s 2016 waste prevention rule.1

June 2017

• Both EPA and BLM announced plans to postpone the compliance dates for certain sections of the 
standards, pursuant to the Clean Air Act and the Administrative Procedure Act, while the agencies 
work through the reconsideration process.1

July 2017

• U.S. Court of Appeals for the District of Columbia Circuit vacated EPA’s administrative stay of the 
2016.1

• California, New Mexico, and more than a dozen environmental and tribal groups filed lawsuits 
challenging the legality of BLM’s rule delay.1

August 
2017

• Federal Court Stated: The EPA must enforce Obama era pollution limits for the oil and gas industry.2

Source:
1: Legislative Attorney. Congressional Research Service. “EPA’s recent Methane Regulations: legal Over View”. September 6, 2016. 

2:CNN, Rene Marsh. EPA ordered to enforce Obama-era methane pollution rule August 1, 2017. 

GHG Reporting Requirements 
40CFR98-Amended on Dec 9, 2016

 Municipal solid waste landfills that generate CH4 25,000 
metric tons CO2e or more per year, (determined according 
to subpart HH) Definition of Landfill gas collection system 
has changed. 

 Manure management systems with combined CH4 and 
N2O emissions in amounts equivalent to 25,000 metric 
tons CO2e or more per year, (determined according to 
subpart JJ). 

 Underground coal mines liberating 36,500,000 actual 
cubic feet of CH4 or more per year (subpart FF).

 Industrial wastewater treatment (subpart II).

Source: EPA: 

www.moderngeosciences.com
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 Reporting deadline for air releases of hazardous substances from animal waste: Nov 15, 
2017. 

 On Dec 18, 2008, EPA published a final rule that exempted farms from air releases of 
hazardous substances from animal waste. On April 11, 2017, court eliminated the reporting 
exemption for farms with the extended deadline to begin reporting on Nov 15, 2017.  

 Typical hazardous substances associated with animal wastes include ammonia and 
hydrogen sulfide. Both ammonia and hydrogen sulfide have a reportable quantity of 100 
lbs. 

 Farm owners/operators must comply with CERCLA Section 103 reporting requirements for 
air releases of hazardous substances from animal waste at their farms. Farm 
owners/operators must notify the National Response Center (NRC) at 1-800-424-8802 
when their facilities have air releases of hazardous substances from animal wastes that are 
equal to or greater than their reportable quantities within any 24-hour period.

 Previously (At this time), farm owners/operators in compliance with their Animal Feeding 
Operation Air Compliance Agreement (70 FR 4958) are not expected to report air releases 
of hazardous substances from animal wastes under CERCLA and EPCRA.

[ 31 ]

Non-Methane
Anthropogenic Sources: CAFOs

Source: EPA: 
https://www.epa.gov/epcra/cercla-and-epcra-reporting-requirements-air-

releases-hazardous-substances-animal-waste-farms

~Methane
Recent Methane Regulation Updates: PHMSA

 DOT has the primary authority to regulate the safety of pipelines and underground natural 
gas storage facilities, including design, construction, operation, maintenance and leak/spill 
response planning.

 Pipeline and Hazardous Materials Safety Administration (PHMSA) within the DOT, administers 
the federal pipeline safety program by establishing standards; conducting programmatic 
inspections or management systems, procedures and processes. 

 January 3. 2012 President Obama signed the Pipeline Safety, regulatory Certainty and Job 
Creation Act of 2011- which created provisions to increase the number of federal pipeline 
safety inspectors, require automatic shutoff valves for transmission pipelines, mandate 
verification of maximum allowable operating pressure for gas transmission pipelines and 
increase civil penalties for pipeline safety violations.

 June 22, 2016 President Obama Signed the Protecting out Infrastructure of Pipelines and 
Enhancing Safety Act of 2016 which reauthorizes provisions for PHMSA operational expenses, 
user fees for underground natural gas storage facility safety, one-call notification programs, 
community pipeline safety information grants, and the pipeline integrity program .

 Several mandates remain incomplete beyond their legal deadlines. These include key 
mandates with potential impacts on air quality (e.g., safety measures at underground natural 
gas storage facilities and standards for the use of automatic or remote controlled shut-off 
valves, leak detection systems, accident and incident notification, and excess flow valves). 

www.moderngeosciences.com

Source: Richard K. Lattanzio . Congressional Research Service. “Methane 
and Other Air Pollution Issues in Natural Gas Systems ”. July 27, 2017
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Methane
Onshore Oil & Gas 
 2016 – EPA finalizes update to NSPS with 40 

CFR Quad Oa: Applies to New, Modified, & 
Reconstructed Wells/Compressor Stations 
after 9/18/15
• Methane included in VOC definition with 

criteria of 500 ppmv when inspected using 
EPA Method 21 (fugitive emission = leak)

• Use of Optical Gas Imaging (OGI) 
emphasized with visual confirmation 
allowing higher leak criteria (e.g. 10,000+ 
ppmv likely)

• Inspection schedule of 2x/yr wells; 4x/yr
compressor stations (no wells present); 
annual reporting

Source: EPA: www.moderngeosciences.com

Methane
Onshore Oil & Gas 
 2017 – (April 18th) EPA extends comment 

period/review by 90 days:
 July 3rd – DC Court of Appeals in 2 to 1 decision says 

EPA cannot suspend rule
 2017 (June 16th) – EPA Proposes to delay by 2 years 
 Applies to onshore crude oil and natural gas facilities 

constructed, modified, or reconstructed after 
September 15, 2015.

 Federal Court Stated: The EPA must enforce Obama 
era pollution limits for the oil and gas industry

 Nine of the 11 judges of the United States Court of 
Appeals for the District of Columbia Circuit issued the 
latest ruling after a ruling by the court in July that the 
EPA unlawfully tried to delay implementing the Obama-
era methane pollution rule

 Operators now reporting under Quad Oa

www.moderngeosciences.com
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Methane
Onshore Oil & Gas – Local Impacts

www.moderngeosciences.com
September 2016, TCEQ

Inspection
Example:

Needle Valve

Thief Hatch

Actuator

www.moderngeosciences.co [ 36

Methane
Onshore Oil & Gas – Grand Prairie Audit
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Methane
Recent Methane Regulation Updates: O&G on 
BLM land
 November 18, 2016- Department of interior, Bureau of Land Management (BLM) 

promulgated a waste Prevention, production Subject to Royalties and Resource 
Conservation” rule to targeted natural gas emissions on federal and Indian lands as a 
potential waste of public resources and loss of royalty revenue. 

 March 28, 2017- Trump Administration signed the executive order entitled “Promoting 
Energy Independence and Economic Growth”—requires agencies to review existing 
regulations and “appropriately suspend, revise, or rescind those that unduly burden” 
domestic energy production and use. 

 June 14 2017- BLM announced plans to postpone the compliance dates for certain 
requirements of the rule that were to take effect in January of 2018. These include 
“requirements that operators capture a certain percentage of the gas they produce, 
measure flared volumes, upgrade or replace pneumatic equipment, capture or combust 
storage tank vapors, and implement leak detection and repair ... program 

 July 20 2017, Trump Administration’s Unified Agenda announced BLM is scheduled to 
advance proposals to (1) “revise or rescind” the rule and (2) delay several requirements 
that have already taken effect and extend the compliance dates of provisions that have 
not yet taken effect until July 2019. 

 July 5, 2017 California, New Mexico, and more than a dozen environmental and tribal 
groups filed lawsuits challenging the legality of BLM’s rule delay. 

www.moderngeosciences.com

Source: Richard K. Lattanzio . Congressional Research Service. “Methane 
and Other Air Pollution Issues in Natural Gas Systems ”. July 27, 2017

Methane
Regulatory Uncertainties – States at Odds on Methane Rules

www.moderngeosciences.com[ 38 ]
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Thank you.
Questions?

Kenneth S. Tramm, PhD, 
PG, CHMM
 ktramm@moderngeosciences.com
 682-223-1322 x204
 5100 Thompson Terrace
 Colleyville, Texas 76034

Syeda J. Haque, EIT
 shaque@moderngeosciences.com
 682-223-1322 x206
 5100 Thompson Terrace
 Colleyville, Texas 76034


