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What is a Municipal Solid Waste Landfill (MSWLF)?

• The Resource Conservation and Recovery Act (RCRA) 
established requirements and criteria for solid and 
hazardous waste management and disposal

• MSW describes the types of waste that are generated 
households and retail businesses (hotels, offices, etc.)

• RCRA identifies the criteria for MSWLF…

• 40 CFR 258 – Criteria for Municipal Solid Waste 
Landfills

• MSWLF…may also receive other types of RCRA Subtitle 
D wastes, such as commercial solid waste, 
nonhazardous sludge, and industrial solid waste.

• Although we call them MSWLFs, they receive many types 
of nonhazardous wastes which are often “comingled” or 
“co-disposed”

Source: Indiana Department of Environmental Management, 2007 Solid Waste 
Facilities Annual Report

https://www.ecfr.gov/current/title-40/chapter-I/subchapter-I/part-258
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-I/part-258
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Components of a MSWLF

• Modern landfills are engineered systems

• RCRA – 40 CFR 258
• Covers aspects of waste containment, 

long-term risk management of waste 
disposal

• Defines the criteria for liner system, 
leachate collection, waste filling, and 
capping

• Clean Air Act (CAA) – 40 CFR 60
• Covers aspects of emissions control due 

to degradation of wastes
• Establishes criteria for surface emissions 

monitoring, gas collection and control 
system (GCCS) operation

• These programs may be delegated to 
State agencies
• States may further delegate to health 

departments, air districts, etc.

Landfill gas (LFG) wells

Anoxic environment
Heat and gasHeat and gas

Flare or Gas-to-
energy plant

Landfill gas (LFG) = 50/50% CH4 and CO2

Biodegradation of organic matter →
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Operation of Gas System to Prevent Fires

• CAA – directs operators to have negative 
pressure on the gas well (a vacuum)
• 40 CFR 60.763

• LFG collection system “over-pulling”
• Poorly sealed gas wells and pipes
• Porous cover systems

• Fire, oxidation, combustion
• All refer to a reaction requiring an oxidant

TO FLARE

MSW

COVER

https://www.ecfr.gov/current/title-40/chapter-I/subchapter-C/part-60/subpart-XXX
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What is a Landfill Fire?

• Waste combustion
• Fire triangle:

• Fuel = MSW and other wastes
• Oxidizing agent = oxygen
• Heat = from what source?

• Uncontrolled fires destroy plastics, 
release particulate matter and 
chemicals into the air

• Near-Surface or subsurface
• Can be isolated or wide-spread
• ~1,900 MSW landfills in the U.S.
• 402 landfills with gas collection systems 

had a fire incident between 2004-2010
• 151 had more than one incident

Source: Max Krause

Source: https://abcnews4.com/news/local/emergency-crews-respond-to-west-ashley-
landfill-fire-no-word-on-injuries-bees-ferry-road-charleston-county-wciv-abc-news-4-6-
16-2025
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What is an Elevated Temperature Landfill (ETLF)?

Landfill gas wells

Anoxic environment

Heat and gas

Leachate

MORE Heat

1. Subsurface reaction begins, creates heat
2. Heat creates more pressure

3. Heat evaporates leachate, pushes 
moisture to cooler areas of landfill

4. Leachate geysers, seeps
5. High temperatures kill microbes

• CH4 production stops
• Landfill gas composition changes

• CO2, H2, and VOCs

6. Rapid settlement in some areas
• Loss of water content
• Thermal degradation of waste 

(char)

• Oxygen does not play a role in ongoing 
reaction
• Could be an initiator

• An ETLF has a sub-surface, heat-generating reaction that 
does not depend on oxygen and impacts a substantial 
portion of a MSWLF
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Video – Steam, Gas Emission, Small Geyser

Source: Ohio EPA
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Examples of Heat Generation

• Biochemical / microbial process
• Anaerobic biodegradation  (methane generation) 
• Aerobic biodegradation (composting, etc.)

• Acid-base neutralization
• Solids and/or liquids mixing of different pH 

• Corrosion
• Iron 

• Carbonation
• Lime (Ca(OH)2) consumes CO2 makes CaCO3 carbonates

• Hydration
• Ashes, dross, and slags, once wetted can give off heat and 

gases

More 
exothermic/
More heat-
generating
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A Hypothesis to Explain Symptoms

• It is suspected that industrial wastes are being wetted; hydration 
reactions are strongly exothermic (heat generating)
• Ashes, dross, slags, baghouse dusts, coal combustion residues

• Aluminum, steel, iron production by-products

• Once buried, the non-reactive material is wetted by percolating 
water…

• The heat cannot escape quickly enough and so heat and pressure 
rises…

• Thermal decomposition begins, attacks the organic matter in MSW, 
which leads to sustained heat and liquid and gaseous emissions
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Technicians Collect Borehole Samples

Source: Geosyntec
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Technician Measuring Drill “Cuttings” Temperature

Source: Geosyntec
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Key Indicator – Borehole Temperatures
LFG temperature 
measurement 
occurs here

Source: https://dnrservices.mo.gov/bridgeton/docs/weeklyreport091713con.pdf

Examples of two boreholes: Normal profile (left) and subsurface 
reaction (right) showing elevated temperatures in the waste column.
Note: Fire temperatures: 1,400-2,000 °F; Smolder: 600-1,000 °F

Temperature
monitoring
points
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Key Indicator – Landfill Gas Composition

• Analyzing data from individual gas wells is crucial to diagnosing the problem

Normal

High 

Moisture 

Unidentified

Exothermic

Reaction

Air 

Intrusion

Source: Adapted from Krause et al., (2020) 
https://www.sciencedirect.com/science/article/pii/S0956053X23003069
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Example of Gas Changes from an ETLF

Source: Adapted from Krause et al., (2020), https://www.sciencedirect.com/science/article/pii/S0956053X23003069
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Landfill Gas Indicators and Criteria

• If a fire or reaction is suspected…

• Each landfill gas well needs to be 
assessed individually
• One single parameter “out of 

whack” is not conclusive

• This diagram does not diagnose
• Requires further investigation

Source: Krause, M. Indicators at Elevated Temperature Landfills (ETLFs) - Landfill Gas. IN: Indicators at 
Elevated Temperature Landfills, U.S. Environmental Protection Agency, Washington, DC, 2, (2023).

https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=363939&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=363939&Lab=CESER


17

Potential Corrective Actions

Operator Actions Addresses which problem Challenges/Issues

Capping with membrane liner • Controls odors and gas emissions Will not affect underlying reaction, controls 
some of the symptoms

Excavation • Allows for more heat dissipation • Can be operationally dangerous for 
personnel

• Will create more gas emissions in the 
short term

• May not stop reaction

Thermal barriers (grout or vertical walls) • May isolate or slow reaction 
advancement

• Drilling into waste will increase gas 
emissions in the short term

Cooling and heat extraction
With or without heat exchanger

• Extracts heat from subsurface
• May cool areas immediately around the 

exchanger
• May slow or stop reaction advancement

• Impacts are limited to cooling zone

Injection
• Foam injection
• Cryogenic liquid injection
• Inert gas (e.g., argon) injection

• Cools or smothers waste
• May slow, pause, or stop the reaction
• Inert gas would suffocate oxidation 

reaction

• Injecting against landfill gas pressures
• Requires drilled locations in the direct 

area of reaction
• May be limited to direct injection zone
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Case Study 1: Countywide, East Sparta, OH

• Landfill active life: 1991-Present
• Operator accepted approximately 600,000 

tons of aluminum process waste between 
1993 and 2006

• Hydration/wetting of aluminum waste 
resulted in temperatures near 270 °F

• Timeline:
• 2001 – Operator first noticed elevated temps.
• 2004 – Local Health Dept receives numerous odor 

complaints
• 2006 – Number of impacted wells increased 

substantially
• 2008 – Director’s Findings and Orders to address 

odor and gas emissions

Source: https://response.epa.gov/site/site_profile.aspx?site_id=3944
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Case Study 1: Example of Excavation

Source: Google Earth Source: Google Earth

• Corrective actions:
• The southern portion of the landfill (highlighted to the left) was excavated to isolate the reaction

• The operator covered the area with an exposed geomembrane cover

• Enhanced monitoring and reporting to state and federal regulators

• Operator has spent >$100 million to mitigate and monitor
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Case Study 2: Stony Hollow, Dayton, OH

• Landfill active life: 1996-Present
• Timeline: 

• 2015 – Elevated temperatures noticed and 
reported to Ohio EPA

• 2016 – Cooling experiments
• Liquid nitrogen injection

• 2017 – Membrane cap installed over 
impacted area

• 2018 – Class-action odor settlement 
approved by judge

• 2024 – Monitoring impacted area continues

Source: Google Earth
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Case Study 2: Liquid Nitrogen Injection

• In 2016, the operator conducted a cooling study to evaluate efficacy to 
cool affected areas
• Liquid nitrogen injection -321 °F at atmospheric pressure

• Dedicated injection well, 138 feet deep into waste, 9 temperature monitoring points

Source: WM, 2017

Source: WM, 2017

Source: WM, 2017
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Case Study 3: Bridgeton, St. Louis, MO

• Landfill active life: 1980-2004
• South Quarry impacted by poor gas 

quality, rapid settlement 
• Timeline: 

• 2010 – Operator contacted MO DNR
• 2012 – Subsidence and odor complaints 

increasing
• 2013 – Membrane cap over the south quarry 

completed
• 2016 – Membrane cap over north quarry 

begins
• October 10, 2016 – Heat extraction barrier 

brought online

• 2018 – Judgement for operator to continue 
monitoring and maintaining control systems

Source: 
https://en.wikipedia.org/wiki/West_Lake_Landfill#/media/File:West_Lake_Landfill_aer
ial_view.png
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Case Study 3: Closed-Loop Heat Exchanger

• July 2013, water-based heat exchanger 
was installed

• In September 2014, area was expanded
• Fully operational 2016

• Over time, areas have cooled

Source: https://dnr.mo.gov/waste-recycling/sites-regulated-facilities/solid-
waste/closed-inactive-landfills/bridgeton-sanitary-landfill/reports/bridgeton-monthly-
heat-extraction-report-may-2023
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Key Indicator – Leachate Composition

Source: Benson, C. H. (2017). Characteristics of gas and leachate at an elevated temperature landfill. In Geotechnical frontiers 2017 (pp. 313-322).
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Indicators of a Subsurface Heating Event

Gas Wellfield

• Temps +151 °F

• Can exceed 200 °F

• Softening and pinching off 
of gas wells

• Decreasing/increasing 
flow

• Changing LFG 
composition

• >500 ppm of CO

• % levels H2

• CH4/CO2 < 1.0

Waste

• Unusually rapid 
settlement 

• Yards per year

• Excavated samples are 
black and charred

Leachate/Wastewater

• Increased leachate 
amount

• Strong odors

• Higher volatile organic 
compounds (benzene, 
etc.)

• Higher acidic compounds

• Reduced pH < 6

• Struvite scale in leachate 
lines

None of these, on their own, are conclusive
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What Do We Know?

• Each reaction is site-specific, requires investigation 
and diagnosis

• Some consistent changes
• Landfill gas – CH4 decreases, CO2 and H2 

increases
• Increased leachate generation and stronger 

leachate
• Increased benzene levels can cause 

leachate to be hazardous waste
• No single indicator can diagnose, need 

comprehensive assessments
• ETLFs have different corrective actions than landfill 

fires

Source: Countywide Recycling and Disposal Facility, 2009 
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Knowledge Gaps

• Some landfills have experienced heat-generating reactions deep within the waste 
mass
• Still not clear what conditions catalyzes the reaction
• Waste disposed decades ago seems to be fine until it is not

• It is thought that industrial waste starts the process but then MSW becomes heated 
and sustains the temperatures/emissions

• Can ETLF conditions come from just MSW disposal?
• Not clear how much material is required to start/sustain reaction
• Lithium batteries are a growing concern for landfill operators
• Volatile compounds in ETLF leachate and gas emissions are not well-characterized
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Final Summary

• MSW landfills receive more than just MSW

• Operators are responsible for their sites
• They should ask questions to understand what 

types of wastes they are receiving

• Non-hazardous ≠ not reactive

• EPA is working to understand waste types, 
environmental conditions, and work practices 
that contribute to unintended reactions

• Indicators in landfill gas and leachate can help 
to diagnose conditions within the landfill

• Managing an ETLF can cost many millions $
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Resources

• Website
• https://www.epa.gov/land-research/elevated-

temperature-landfill 

• Factsheets
• When Does a Municipal Solid Waste Landfill 

become an Elevated Temperature Landfill 
(ETLF)?

• Indicators at Elevated Temperature Landfills 
(ETLFs) - Landfill Gas

• Report
• Remote Sensing of Elevated Temperatures at 

Landfills

• Journal articles
• Krause, M.J., et al. (2023a). Understanding 

landfill gas behavior at elevated temperature 
landfills.

• Krause, M.J., et al., (2023b). Leachate indicators 
of an elevated temperature landfill.

• Benson, C. H. (2017). Characteristics of gas and 
leachate at an elevated temperature landfill. 

https://www.epa.gov/land-research/elevated-temperature-landfill
https://www.epa.gov/land-research/elevated-temperature-landfill
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=CESER&dirEntryId=354569
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=CESER&dirEntryId=354569
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=CESER&dirEntryId=354569
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=363939&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=363939&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=362699&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=362699&Lab=CESER
https://www.sciencedirect.com/science/article/pii/S0956053X23003069
https://www.sciencedirect.com/science/article/pii/S0956053X23003069
https://www.sciencedirect.com/science/article/pii/S0956053X23003069
https://www.sciencedirect.com/science/article/pii/S0956053X23006062
https://www.sciencedirect.com/science/article/pii/S0956053X23006062
https://ascelibrary.org/doi/abs/10.1061/9780784480434.034
https://ascelibrary.org/doi/abs/10.1061/9780784480434.034
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Contact

Max Krause, PhD
Engineer
U.S. EPA Office of Research and Development
Center for Environmental Solutions and Emergency Response

Homeland Security and Materials Management Division

Materials Management and Oil Spills Branch

krause.max@epa.gov

513-487-2689
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