Using Natural Attenuation to Clean Up

Contaminated Groundwater:
What Landowners Should Know
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What Is Natural Attenuation?
Natural attenuation makes use of natural processes in soil and groundwater to contain the spread of
contamination and to reduce the amount of contamination from chemical releases.

Natural attenuation is an in-situ treatment method. This means that contaminants are left in place while
natural attenuation works on them. Natural attenuation is relied upon to clean up contamination that
remains after the source of the contamination is removed. An example of a source of contamination
would be a leaking underground petroleum tank.

How Does Natural Attenuation Work?

Natural attenuation processes work at many sites, but the rate and degree of effectiveness varies from
property to property, depending upon the type of contaminants present and the physical, chemical and
biological characteristics of the soil and groundwater.

Natural attenuation processes can be divided into two broad categories — destructive and non-destructive.
Destructive processes destroy contaminants. The most common destructive process is biodegradation.

Non-destructive processes do not destroy the contaminant, but reduce contaminant concentrations in
groundwater through dilution, dispersion or adsorption.

Biodegradation

Biodegradation is a process in which micro-organisms that naturally occur in soil and groundwater (e.g.
yeast, fungi, or bacteria), break down, or degrade hazardous substances to less toxic or non-toxic
substances. Microorganisms, like humans, eat and digest organic compounds for nutrition and energy
(organic compounds contain carbon and hydrogen atoms).

Some types of microorganisms can digest organic substances such as fuels or solvents that are hazardous
to humans. Microorganisms break down the organic contaminants into harmless products — mainly
carbon dioxide and water. Once the contaminants are degraded, the microorganism populations decline
because they have used their food sources. These small populations of microorganisms pose no
contaminant or health risk.

Many organic contaminants, like petroleum, can be biodegraded by microorganisms in the underground
environment. For example, biodegradation processes can effectively cleanse soil and groundwater of
hydrocarbon fuels such as gasoline and benzene, toluene, ethylbenzene, and xylene — known as the BTEX
compounds, under certain conditions.

Biodegradation can also breakdown other contaminants in groundwater such as trichloroethylene (TCE),
a chlorinated solvent used in metal cleaning. However, the processes involved are harder to predict and
are less effective at contaminant removal compared to petroleum-contaminated sites.
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Figure 1. Schematic Diagram of Aerobic Biodegradation in Soil

Dilution and Dispersion
The effects of dilution and dispersion reduce contaminant concentrations but do not destroy contaminants.
Clean water from the surface seeps underground to mix with and dilute contaminated groundwater.

Other processes that lead to reduced concentrations of contaminants include clean groundwater flowing
into contaminated areas, and the dispersion of pollutants as they spread out and away from the main path
of the contaminated plume.

Adsorption

Adsorption occurs when contaminants attach or “sorb” to underground particles. Most oily substances
(like petroleum compounds) repel water and escape from the groundwater by attaching to organic matter
and clay minerals in the subsurface.

This process holds back or retards contaminant movement and reduces the concentration of contaminants
in the groundwater. However, like dilution and dispersion, adsorption does not destroy contaminants.

Why Consider Natural Attenuation To Clean Up Soil And Groundwater?

In certain situations, natural attenuation is an effective, inexpensive cleanup option and the most
appropriate way to remediate some contamination problems. Natural attenuation focuses on confirming
and monitoring natural remediation processes rather than relying on engineered or “active” technologies
(such as pumping groundwater, treating it above ground, then disposing of the treated water).

Contaminants from petroleum are good candidates for natural attenuation because they are among the
most easily destroyed by biodegradation. Natural attenuation is non-invasive, which allows treatment to
go on below ground, while the surface can continue to be used.

Natural attenuation can also be less costly than active engineered treatment options, and requires no
special equipment, energy source, or disposal of treated soil or groundwater.

Will Natural Attenuation Work At My Property?

Whether natural attenuation will work at a particular location is determined by investigating the soil and
groundwater. These investigations determine the type of contaminants present, the levels of
contamination, and the physical and chemical conditions that lead to biodegradation of the contaminants.

In order to rely on natural attenuation, responsible parties are required to confirm that natural attenuation
processes are working by monitoring the soil and groundwater over a period of time to show that the
contaminant concentrations are decreasing and that the contamination is no longer spreading.



Those conducting the cleanup need to know whether natural attenuation, or any proposed remedy, will
reduce the contaminant concentrations in the soil and groundwater to legally acceptable limits within a
reasonable period of time.

Natural attenuation may be an acceptable option for sites where active remediation has occurred and has
reduced the concentration of contaminants (for instance, removing leaking underground tanks and
contaminated soil).

However, natural attenuation is not an appropriate option at all sites. If the contamination has affected a
drinking water well, or has entered a stream or lake, active cleanup options may be necessary to make
sure people and the environment are protected from direct contact with the contamination.

The speed or rate of natural attenuation processes is typically slow. Monitoring is necessary to show that
concentrations decrease at a sufficient rate to ensure that contaminants will not become a health threat in
the future.

Closure Of Contaminated Sites Using Natural Attenuation As A Final Remedy

When contamination is discovered at a property (such as a gas station with leaking underground tanks),
the person who is responsible for causing the contamination, and persons having possession or control of
hazardous substances that have been discharged, have the responsibility to remove the source of
contamination and investigate and clean up the contamination that has escaped into the soil and
groundwater.

The contaminant release must be reported to the Wisconsin Department of Natural Resources (DNR) and
the site investigation and cleanup are overseen by a state agency. Depending on the type of contaminant,
the oversight agency could be the Department of Agriculture, Trade and Consumer Protection or
Department of Natural Resources.

When the cleanup has complied with state standards, the person responsible for the contamination will
ask the state agency for closure of the case. If natural attenuation is relied upon to finish cleaning up a
contaminated property after closure, the responsible person will need to show that contaminant
concentrations are not spreading, that contaminant concentrations are stable or decreasing, and that the
concentrations will decrease in the future until state groundwater standards are met.

Because natural attenuation processes are slow, it may take many years before the properties with
contamination are clean. State rules require that all owners of properties where groundwater
contamination has spread must be informed of the contamination below their property.

In addition, the properties with groundwater contamination exceeding state groundwater enforcement
standards must be listed on a database to notify future owners and developers of the presence of
contamination. If future monitoring occurs and shows that natural attenuation processes have removed
the contaminants to state-required cleanup levels, then the properties can be removed from the database.

The state agency will grant closure if the site investigation and monitoring shows that natural attenuation
will clean up groundwater to state standards within a reasonable period of time. All state rules for
cleanup must be met and the person who is responsible for the contamination must comply with all
conditions of the state’s closure approval.



Publications
The following publications provide additional information on natural attenuation. Websites where these

can be downloaded free of charge are also listed.

o A Citizen’s Guide to Bioremediation, September 2012, EPA 542-F-12-003;
https://www.epa.gov/sites/production/files/2015-
04/documents/a_citizens quide to bioremediation.pdf

o Commonly Asked Questions Regarding the Use of Natural Attenuation for Petroleum-Contaminated
Sites at Federal Facilities, www.clu-in.org/download/techfocus/na/na-petrol.pdf

e Monitored Natural Attenuation of Petroleum
Hydrocarbons: U.S. EPA Remedial Technology Fact Sheet, May 1999, EPA 600-F-98-021; www.clu-
in.org/download/remed/pet-hyd.pdf

¢ Monitored Natural Attenuation of Chlorinated Solvents, May 1999, EPA 600-F-98-0022; www.clu-
in.org/download/remed/chl-solv.pdf

e Guidance on Natural Attenuation for Petroleum Releases, WI DNR, Bureau for Remediation and
Redevelopment, March 2003, PUB-RR-614; dnr.wi.gov/files/PDF/pubs/rr/RR614.pdf
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This document is intended solely as guidance and does not contain any mandatory requirements except where requirements found in statute or administrative rule are
referenced. This guidance does not establish or affect legal rights or obligations and is not finally determinative of any of the issues addressed. This guidance does not
create any rights enforceable by any party in litigation with the State of Wisconsin or the Department of Natural Resources. Any regulatory decisions made by the
Department of Natural Resources in any matter addressed by this guidance will be made by applying the governing statutes and administrative rules to the relevant facts.
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