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April 18, 2002

BRAC Environmental Coordinator
Base Realignment and Closure, Environmental Division
Attn: Mr. Dean Gould
P.O. Box51718
Irvine, CA 92619-1718

RE: Response to EPA comments on Draft Final Phase II Focused Feasibility Study for Site 16,
dated March 26, 2002

Dear Mr. Gould:

We have reviewed the Navy's responses, dated March 26,2002, to EPA comments, dated
September 14,2001, on the draft fmal focused Feasibility Study (FS) for Site 16. In addition to
reviewing the Navy's response to comments, we also reviewed the revised section 2.1 from the
draft final FS and the Decision Tree for Vadose Zone Monitoring. Attached are EPA's specific
comments on all three submittals.

We would also like to address several issues relating to ARARs, groundwater cleanup
alternatives, and EPA's definition of natural attenuation in this cover letter. The attached
comments elaborate further on all three of these areas.

In EPA's comments on the Proposed Plan as well as legal comments on the draft fmal FS,
we indicated that the Navy's preferred remedy of groundwater monitoring with deed restrictions
does not meet ARARs. We maintain tIns position and believe that if groundwater is
contanlinated above MCLs (Federal ARAR), a remedy is required. Monitoring is not considered
a remedy and deed restrictions alone are not sufficient. Please see attached comments from
EPA's office of regional counsel for further detail on tills issue.

EPA's comment number 1 requested that the Navy provide a more aggressive alternative
for groundwater cleanup to which the other alternatives can be compared. The Navy's response
is that section 2 will be revised to include more information about why active remediation
technologies were eliminated. The Navy further explains that these technologies were deemed
ineffective. EPA believes that is necessary to carry at least one active alternative through to the
evaluation and comparison stage. The Navy appears throughout its responses to various
comments to be making the argument that it is technically infeasible to conduct an aggressive
cleanup of the groundwater due to local lower hydraulic conductivity in the area of the main pit.
However, given that in alternative 3 the Navy demonstrated that the plume could be cleaned up
in 9 years using the containment alternative vs 19 years with the monitoring alternative, EPA
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believes that screening out a more aggressive option so early in the FS is inappropriate.

Finally, there appears to be a misunderstanding of EPA's policy regarding Natural
Attenuation. In response to comment number 3, the Navy accurately quotes EPA's policy on
Natural Attenuation with the following statement, "Natural Attenuation is defIned by the U.S.
EPA as the biodegradation, dispersion, dilution, sorption, volatilization, and/or chemical and
biochemical stabilization of contaminants to effectively reduce contamination, toxicity, mobility,
or volume to levels that are protective of human health and the ecosystem". However, later in
the response the Navy states that "....because EPA bases the viability of natural attenuation at a
site on the presumption that initial biodegradation is anaerobic (reductive), Site 16 is not
considered a candidate for natural attenuation". Although it is true that EPA prefers those
processes that degrade contaminants, it is not a requirement. Please see the attached guidance as
well as responses to specifIc Navy responses for further information about EPA's policy toward
Natural Attenuation. After reviewing the guidance (in particular pages 13-15 and 17-19), the
Navy may note that in discussing the monitoring alternative in the draft fmal FS, the Navy has
made an argument for a natural attenuation remedy. EPA believes that with little additional data
evaluation post-ROD, this alternative is more appropriately a MNA remedy.

Please note that many comments that EPA made regarding the vadose zone are no longer
relevant due to the BCT decision to monitor the vadose zone during post-ROD activities.

If you have any.questions, please call me at (415) 972-3012.

Sincerely,

1 Lt«-{;~~vtot-vft(l~;
Nicole G. MoMoux /
Project Manager
Federal Facilities Cleanup Branch

Enclosures
cc: Marc Smits, SWDrV

Triss Chesney, DTSC
Patricia Hannon, RWQCB
Jerry Werner, RAB Community Co-Chair
Marcia Rudolph, RAB Subcommittee Chair
MS.Polan Modanlou, MCAS EL Toro Local Redevelopment Authority



o EPA's Conunents on Navy's Response to Comments on Draft Final Phase II Focused
Feasibility Study OU-3, IRP Site 16
Marine Corps Air Station, EI Toro

April, 2002

General Conunents

1. As mentioned in the cover letter, EPA believes that by carrying an active groundwater
treatment option through to evaluation, the Navy will be providing a more thorough analysis
of the pros and cons of all possible technologies. It appears that the Navy is basing its
determination that an active alternative is ineffective on more than technical reasons. Such
a determination is best conducted during the comparison of alternatives, so that all potential
remedies can be compared against the 9 criteria. In addition, by carrying forward an active
alternative, such an alternative could be combined in the Proposed Plan with Monitored
Natural Attenuation such that the active remedy could achieve partial mass removal with
natural attenuation treating the residual contamination. See comment #3 for more discussion
on this· topic.

2. Navy has adequately addressed EPA's comment.

o
3. As discussed in the cover letter, the Navy's understanding ofEPA' s policy toward Monitored

Natural Attenuation is not accurate. We have enclosed a copy of EPA's policy toward
Monitored Natural Attenuation. Although degradation ofcontaminants is preferred, it is not
required. We suggest that the Navy note pages 13-15 and pages 17-18 of the guidance.
These pages address sites where MNA may be appropriate and required performance
monitoring. EPA's hydrogeologist, Herb Levine, can be available to meet with the BeT to
discuss specifics regarding MNA and how it could be appropriate for site 16.

The Navy did not respond to the second piece of EPA's comment which addressed
consideration of MNA as a follow-on to a more active remedy. On page 1 of the MNA
guidance, the following statement is made, "In the majority ofcases where monitored natural
attenuation is proposed as a remedy, its use may be appropriate as one component ofthe total
remedy, that is, either in conjunction with active remediation or as a follow-up measure."
Please consider that even partial mass removal by one technologies coupled with monitored
natural attenuation would constitute a viable remedy.

4. The response appears to be adequate in that many of the issues in the Technical
Memorandum are now moot.

"',- ....

5. The response is partially adequate. However, the Navy should provide more site specific
information supporting the groundwater flow direction and include specific references to the
previous documents. The one added sentence proposed in this response is too general and
not adequate for a Feasibility Study.



o 6. The response is partially adequate, but there is no direct evidence at this point in the
remediation progress to demonstrate that the TCE has been removed from the hydrocarbon
matrix such that TCE poses no risks to groundwater or other receptors. The Navy cites the
mass ofTCE removed by the pilot study, but please recognize that the estimates of the initial
mass of TCE are subject to large uncertainties, and often so-called "conservative" estimates
still underrepresent the mass of non-aqueous phase materials present, and the calculation of
mass remaining is then uncertain.

7. This response appears to be partially adequate. However, the following statement is unclear,
"If the several model factors were changed to make the model less conservative it is possible
that the result would have been a longer, unrealistic clean up time." The issue posed by the
initial comment was that the assumptions were conservative for overestimating the extent
of TCE migration, but these assumptions would underestimate the cleanup time, as is
apparently acknowledged by this response; it is unclear why the Navy considers the longer
clean up time "unrealistic."

8. This response is adequate.

Specific Comments

1. The response appears to be adequate, but as noted in the General Comment section the
groundwater flow direction must have some specific documentation and not a general
statement.

o 2. The response appears to be partially adequate, and the proposed additions of text will clarify
some issues. However, as noted in the General Comments the estimate of the initial mass
of TCE has large uncertainties and therefore mass of TCE remaining is also uncertain.
Please recognize that more direct estimates of the TCE present would be available by soils
analyses or possibly boringsllogging using the PneuLog technology.

3. The response is partially adequate, but other TCE contours should also be provided if the
data support their inclusion. Please note that an inability to provide more defInitive contours
reflects uncertainties that impact the attempts to provide mass estimates ofVOCs at the site.

4. The response is partially adequate. However, supporting the mass estimates by citing the
MPE results is not necessarily a correct conclusion as mass transfer limitations and the
acknowledged complex stratigraphy may make some TCE unavailable to the MPE removal.

5. The response is adequate.

6. The response is partially adequate, but only in the context ofthe Navy's preferred alternative.
Evaluations of natural attenuation will require additional modeling efforts (at least in a
sensitivity analysis application) to better estimate the concentrations and expected decrease
in TCE concentrations that may be evaluated in 5-year reviews.

7. This response is partially adequate, and recognizes that the model assumption ofno sorption
of TCE will underestimate the time for TCE to decrease below the 5 microgram per liter
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9.

10.

11.

12.

13.

(uglL) concentration. Please recognize that the VOC analyses ofsaturated zone soils that are
cited as evidence of little sorbed TCE are now widely regarded as generally problematic, and
may be unreliable. In reassessing sorption, please review Chapter 8, "Sorption ofDissolved
Solvents to Aquifer Materials," in Dense Chlorinated Solvents and other DNAPLs in
Groundwater, by IF.Pankow and l.A.Cherry.

This response is adequate.

This response is moot as the Navy now appears to have dropped the mass loading threshold
estimate approach to assessing threats to groundwater.

Please see Specific Comment 9 above.

This response is partially adequate because it still does not address the uncertainties in the
mass estimates.

The response is adequate.

The response is adequate.

o
Comments from EPA's Office of Regional Counsel, Thelma Estrada, on Navy's RTCs

The DON's responses to my comments are not responsive. Again, my comment is that
DON's preferred alternative of "monitoring with deed restrictions" is essentially a decision not to
clean up the aquifer underneath Site 16 (an aquifer which meets the definition of a potential source
of drinking water), and DON needs to justify this decision and how such a decision still complies
with Federal and State ARARs. In response, DON states two things: 1) its action complies with
ARARs and 2) it is not technically and economically feasible to clean up the aquifer. DON then
goes on to say that Resolution 92-49 is not an ARAR because it is no more stringent than Title 22
66264.94 which is a federal ARAR. Putting aside whether Res. 92-49 is an ARAR or not, I believe
Title 22 section66264.94 requires that an aquifer which is a potential source of drinking water be
cleaned up to MCLs. How does the DaN's preferred alternative of "monitoring with deed
restrictions" comply with Title 22 section 66264.94?

DON also states that it is not technically feasible to clean up the aquifer to background. I
don't think anyone is requiring DON to clean up the aquifer to background. At a minimum,
however, the aquifer should be cleaned up to MCLs. DON states that alternative 3, with its
groundwater extraction and treatment system, will reduce TCE concentration to MCLs in 9 years
as opposed to 19 years with alternative 2. Since DON describes alternative 2 as "monitoring with
deed restrictions", how will TCE concentrations be reduced under this alternative? If, however,
what DON is saying is that TCE contamination will naturally attenuate under alternative 2, then this
alternative is more appropriately called Monitored Natural Attenuation rather than "monitoring with
deed restrictions. "



o Review of Decision Tree
Post-ROD Vadose Zone Monitoring

IRP Site 16 at MCAS EI Toro
General Comments

These General Comments relate to the scope of the problem as defmed by the hypothesis.

1. Other than the data used in the original TCE mass estimate, the known amount of mass
removed, and the soil gas measurements in the wells screened in the lowest IS-feet of the
approximate 160-foot vadose zone, there are no data that are useful to accurately estimate
the amounts of TCE or other chemical constituents present in the hydrocarbon matrix or
sorbed on soils in the vadose zone; also, there are no data that specifically assess the
constituents in the vapor phase in the upper levels of the vadose zone. Therefore, a
Conceptual Model that postulates that natural leaching and diffusion followed by the MPE
study near the groundwater interface has successfully extracted TCE vapor from the soils in
the upper soils (approximately l30-feet in depth) is not evident, and will not be tested in the
proposed program of soil gas and groundwater measurements.

o

2. Even with a more complete sampling and analysis program, the stated hypothesis can only
be tested in the context of how much TCE remains in soil and that may be a threat to
groundwater. The issue of closure of the vadose zone is more complex, and the Navy has
already acknowledged that the petroleum contamination in the vadose zone will be addressed
in a future program. It is also likely that TCE that may remain in the hydrocarbon matrix in
the vadose zone will also require remedial action; as noted above and in previous comments
on Site 16 documents, there are no analyses for TeE or other constituents that are direct
measurements of the current amounts of these constituents in the vadose zone soils.

Specific Comments

1. Top-left box regarding soil gas samples: When the Navy is developing its workplan for
sampling post- ROD, EPA requests that a complete Sampling and Analysis Plan (SAP),
including a Quality Assurance Project Plan (QAPP) be provided for BCT review. To
demonstrate any variation in soil gas concentrations over time, the precision ofeach data set
is critical. Additionally, the sampling method and other Data Quality Objective requirements
must be completely described, particularly with regard to purging and the resulting
representativeness of the sample.

:.0

2.

3.

Please recognize that the constituents in soil gas samples collected from the approximately
IS-foot interval screened in the lower vadose zone is likely a result of constituents that have
partitioned into the gas state from the soil matrix, from the hydrocarbon matrix, and from soil
moisture, all of which have different mass transfer/desorption characteristics. It should also
be recognized that volatilization of constituents from groundwater may also be a source to
soil vapor, and that placement of the sampling probe within the IS-foot interval and the
purging volume could be critical in the measured result. Please discuss these issues in the
SAP/QAPP, and in particular the representativeness of the samples.

Please consider a complete constituent analysis of the soil gas samples and report all volatile
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4.

5.

6.

organic chemicals (VOCs), including some hydrocarbons that may defme the vapor pressure
and boiling point ranges for chemicals remaining in soils. Please note that the continued
presence of Freon 113 (boiling point of 48°C) suggests that venting by the MPE study may
not have been as thorough as claimed in the hypothesis, and that mass transfer from
hydrocarbon matrix controls the rate at which VOCs enter soil gas.

As commented previously, please consider application of a technology such as PneuLog to
better characterize the chemical constituents in the vadose zone soils. Note that this
technology was usefully applied at Site 24 at EI Toro, including an assessment of the
contributions from offgassing ofgroundwater to soil gas near the groundwater interface. Soil
borings and analyses of these soils is also an approach to assess the chemicals that remain
in the vadose zone soil colunm.

Top-right box regarding groundwater samples: As above, EPA requests that the Navy
provide a complete Sampling and Analysis Plan (SAP), including a Quality Assurance
Project Plan (QAPP) during workplan development. To demonstrate any variation in
groundwater concentrations over time, the precision ofeach data set is critical. Additionally,
the sampling method and other Data Quality Objective requirements must be completely
described, particularly with regard to purging and the resulting representativeness of the
sample.

Please recognize that the groundwater monitoring wells are screened approximately 20- feet
into groundwater, and that some procedure for collecting a ground water sample that is
representative of water quality near the water table is required to assess a continuing input
of chemicals from the vadose zone. Please provide a description of this procedure in the
SAP/QAPP and the DQOs that apply to this particular use of data (precision of data,
representativeness, etc.).

•'0..... __~

7. Dotted boxes in center of flow diagram for soil gas and groundwater data: No criteria
are stated regarding how to judge increases in soil gas or groundwater concentrations. Please
provide such criteria, or specifically state that the decision of whether to discontinue
monitoring will require consultation with and approval of the regulatory agencies.

8. Box: Prepare Vadose Zone Closure Documents: Closure of the vadose zone will also
require some evaluation of the petroleum contamination that is present in the vadose zone.
If chlorinated VOCs also remain in the hydrocarbon matrix, some remediation may be
required.

Comments o~ Revised Section 2.1 Remedial Action Objectives

1. Section 2.14, Chemicals of Potential Concern:' The last sentence in this section states that a
position paper will be developed prior to implementing a course of action for petroleum
hydrocarbon. My understanding from the BCT meeting held on March 27, 2002, is that such a
position paper was going to be submitted to regulatory agencies prior to fmalizing this FS.
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UNITED STATES ENVIRONME~~hL PROTECTION AGENCY
WASHINGTON, D.C. 20460

MEMOR ANDUM
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OFFICE OF'
SOLID 'WJ.S7£ J.1;:) E!'.E?:;EI~::J·

RESP:ll;S£

SUBJECT:

FROM:

Draft Interim Final OSWER Monitored Natural Attenuation Policy
(OSWE1\.Directive 9200.4-17)

~
~. ~/j;~I-::~

, ,~~o
'Office Solid \\'aste . "'

Walter W. Kovalick, Jr., Director '711~J4~
Technology Innovation Office - / - '"

Stephen D. Luftig, Director ST~ /... (-r:--f
Office ofErnergency and Remedial Respo~J . fO

1"; i '-1../" ~

Anna Hopkins Virbick, DirectorJj::~"if;~~
Office ofUnderground Storage Tanks ~/1
James E. Vloolford, Director (). L ~-
Federal Facilities Restoration~e Office

TO: Addressees

Purpose

This memorand'.1!;J ~C'.companies a draft Interim Final Policy (OSWER Directive
9200.4·17) regarding th~ use ofmonitored natural attenuation for .the remediation 0[-,-------·---- -... ---. ----.-----

~_... ----- -:-.;. col1ta.'Tl1natro-soifaDd poundVt·at·er at sites regulated under all programs administered b)' EPA's
Office of Solid \\'aste and Emergency Resp'onse (OSWER), including Superfund, RCRA
Corrective Action, and Underground Storage Tanks. The Directive incorporates extensive
comments received from EPA Regional and Headquarters reviewers (including the Office of
General Counsel), as well as state agencies arid federal facility representatives.

o
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SummaQ' of the Directive

This Directive clarifies the U.S. Environmental Protection Agency's (EPA) policy
regarding the use ofMonitored Natural Attenuation for the remediation of contaminated soil and
groundwater at sites regulated under Office of Solid Waste and Emergency Response (OS\VER)
programs. These include programs administered under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA or "Superfund"), the Resource
Conservation and Recovery Act (RCRA), the Office ofUnderground Storage Tanks (OUST),
and the Federal Facilities Restoration and Reuse Office (FFRRO). The Directive is intended to
promote consistency in how monitored natural attenuation remedies are proposed, evaluated, and
approved, As a policy document, it does not provide technical guidance on evaluating Monitored
Natural Attenuation remedies. This Directive is being issued as Interim Final and may be used
immediately. It provides guidance to EPA staff, to the public, and to the regulated community
on how EPA intends to exercise its discretion in implementing national policy on the use of
Monitored Natural Attenuation. The document does not, however, substitute for EPA's statutes
or regulations, nor is it a regulation itself and, thus, it does not impose legally-binding
requirements on EPA, States, or the regulated community, and may not apply to a panicular
situation based upon the circumstances. EPA may change this guidance in the future, as
appropriate.

Implementation

This Direct: ...e is being issued in Interim Final form and should be used immediately as
guidance for proposing, evaluating, and approving Monitored Natural Attenuation remedies.
This Interim Final Directive will be available from the Superfund, RCRA., and OUST dockets
and through the RCRA, Superfund & EPCRA Hotline (800-424-9346 or 703-412-9810). The
directive will also be available in electronic format from EPA's home page on the Internet (the
address is hnp:/lwv/w.epa.gov/swerustl/directiv/d92004l 7.htm). EPA will review and evaluate
additional comments received on this Interim Final version before issuing the Final Directive.

Qu estioD s/Cornrnents

_ If you need more information about the Directive please feel free to contact any of the
appropriate EPA staff listed on the attachment.

Addrec;sees: Federal Facility Forum
Federal Facilities Leadership COll.'1cil
Other Federal Facility Contacts

-:::;- -.., <·-:>-~~-:~SVlER Natural Attenuation VlorkgrouI"-~~-~=- .. --- -.~-:-_.:-:--::=~ .:.--

RCRA Corrective Action EPA Regional and State Program Managers
State LUST Fund Administrators
State LUST Program Managers
UST/LUST Regional Program Managers
UST/LUST Regional Branch Chiefs
State Superfund Program Managers
Superfund Regional Policy Managers

attachment

t,
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USE OF l\10l'\lTORED NATURAL ATTENUATION
oAT SUPERF~l), RCR-\ CORRECTIVE ACTION,

AND U1'l)ERGRO~l)STORAGE T~~K SITES

o U.S. Environmental Protection Agency
'Office of Solid Waste and Emergency Response

Directive 9200.4-17

November, 1997

~----:---:--_.__._-- --- _._---_._~--:~~--.:--=-~:.:..=-- _:--_-:~=--'----:.-=--:::-::-:-_~.--------~-----------------_.._---.-- --_._---_.---_._. ":"::.-._..- .-=--.-..

o



.'

o

o

o

OS\VER Directive 9200.4-17

USE OF MONITORED NATURU ATTENUATION
AT SUPERFUND, RCR-\ CORRECTIVE ACTION,
A.~D UNDERGROUND STOR-\GE TAXK SITES

Contents
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Advantages and Disadvantages ofMo•..itored Natural Attenuation. . . . . . . . . . . . . . . .. 7
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Role ofMonitored Natural Attenuation in OS\VER Remediation Programs 8
Demonstrating the Efficacy of Natural Attenuation through Site Characterization 10
Sites Vlhere Monitored Natural Attenuation May Be Appropriate 13
Reasonableness of Remediation Time Frame . 15
Remediation of Contamination Sources and Highly Contaminated Areas 16
Performance Monitoring 17
Contingency Remedies 18
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OS\\'ER Directive 9200.4-17

NOTICE: This document provides guidance to EPA staff. It also provides
guidance to the public and to the regulated community on how EPA intends to
exercise its discretion in implementing its regulations. The guidance is designed
to implement national policy on these issues. The document does not, however,
substitute for EPA's statutes or regulations, nor is it a regulation itself. Thus, it
does not impose legally-binding requirements on EPA, States, or the regulated
community, and may not apply to a particular situation based upon the
circumstances. EPA may change this guidance in the future, as appropriate.
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PURPOSE AND OVERVIE\V

The purpose of this Directive is to clarify EPA's policy regarding the use ofmonitored
natural attenuation for the remediation of contaminated soil and groundwater at sites regulated
under Office of Solid \Vaste and Emergency Response (OSWER) programs. These include
programs administered under the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA or Superfund), the Resource Conservation and Recovery Act (RCRA),
the Office of Underground Storage Tanks (OUST), and the Federal Facilities Restoration and
Reuse Office (FFRRO).

EPA remains fully committed to its goals ofprotecting human health and the
environment, remediating contaminated soils and groundwater, and protecting uncontaminated
groundwaters and other environmental resources1 at all sites being remediated under OS\VER
programs. EPA does not Consider monitored natural attenuation to be a "presumptive" or
·'default" remedy-it is merely one option that should be evaluated v.ith other applicable
remedies. EPA advocates using the most appropriate technology for a given site. EPA does not
view monitored natural attenuation to be a "no ~tion9' or "walk-away" approach, but rather
considers it to be an alternative means of achieving remediation objectives that may be
appropriate for a limited set of site circumstances where its use meets the applicable statutory
and regulatory requirements. As there is often a variety ofmethods available for achieving a
given site's remediation objectives2, monitored natural attenuation may be evaluated and
compared to other viable remediation methods (including innovative technologies) during the
study phases leading to the selection of a remedy. As with any other remedial alternative,
monitored natural attenuation should be selected only where it meets all relevant remedy
selection criteria. where it will be fully protective ofhuman health and the environment, and
where it will meet site remediation objectives, within a time frame that is reasonable compared to
that offered by other methods. In the majority of cases where monitored natural attenuation is
proposed as a remedy, its use maybe appropriate as one component of the total remedy, that is,
either in conjunction 'with active remediation or as a follow-up measure. Monitored natural
attenuation should be used very cautiously as the sole remedy at contaminated sites.
Furthermore, the availability ofmonitored natural attenuation as a potential remediation tool
does not imply any lessening ofEPA's longstanding commitment to pollution prevention. \Vaste
minimization, pollution prevention programs, and minimal technical requirements to prevent and
detect releases remain -fundamental parts of EPA waste management and remediation programs.

1 Environmental reso~s to bepro~ include ~undwaier, drinking water supplies,-~acewaters,
ecosystems and other media (air, soil and sediments) that could be impacted from site contamination.

2ln this Directive, remediation objectives are the overall objectives that remedial actions are intended to
accomplish and are Dot the same as chemical-specific cleanup levels. Remediation objectives could include
preventing exposure to contaminants. minimizing further migration of contaminants from source areas, minimizing
further migration of the groundv.-ater cont2.Ininant plume, reducing contamination in soil or groundwater to spedfied
cleanup levels appropriate for current or potential future uses, or other objectives.

1
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Use of monitored natural attenuation does not si~fy a change in OS\\'ER's remediation
objectives, including the control ofsource materials and restoration of contaminated
groundwaters, where appropriate (see Section 1, under "Implementation"). Thus, EPA expects
that source control measures will be evaluated for all sites under consideration for any proposed
remedy. As v.ith other remediation methods, selection of monitored natural attenuation as a
remediation method should be supported by detailed site-specific information that demonstrates
the efficacy of this remediation approach. In addition, the progress ofmonitored natural
attenuation toward a site's remediation objectives should be carefully monitored and compared
v.ith expectations. 'Where monitored natural attenuation's ability to meet these expectations is
uncertain and based predominantly on predictive analyses, decision makers should incorporate
contingency measures into the remedy.

The scientific understanding ofilatural attenuation processes continues to evolve rapidly.
EPA recognizes that significant advances have been made in recent years, but there is still a great
deal to be learned regarding the mechanisms gv\':ming natural attenuation processes and their
ability to address different types of contamination problems. Therefore, while EPA believes
monitored. natural attenuation may be used where circumstances are appropriate, it should be
used v.ith caution commensurate with the uncertainties associated with the particular application.
Furthermore, largely due to the uncertainty associated with the potential effectiveness of
monitored natural attenuation to meet remedial objectives that are protective ofhuman health and
the environment, source control and performance monitoring are fundamental components
of aDy monitored natural attenuation remedy.o_.,._.Jo This Directive is not intended to provide detailed technical guidance on evaluating
monitored natural attenuation remedies. At present, there is a relative lack ofEPA guidance
concerning appropriate implementation ofmonitored natural attenuation remedies. With the
exception of Chapter IX in OUST's guidance manual (USEPA. 1995a), EPA has not yet
completed and published specific technical guidance to support the evaluation of monitored
natural attenuation for OSWER sites. However, technicaJ resource documents for evaluating
monitored natural attenuation in groundwater, soils, and sediments are currently being developed
by EPA's Office ofResearch and Development CORD). In addition, technical information
regarding the evaluation of monitored natural attenuation as a remediation alternative is available
from a variety of sources, including those listed at the end of this Directive. ·'References Cited"
lists those EPA documents that were specifically c~ted v.ithin this Directive. The list of .
"Additional References" i~dudes documents produced by EPA as well as non-EPA entities.

_ ,_"c.".. ,_ Finally, "Other Sources ofInformation" lists sites on the World \\Tide \\Teb (Internet) where
. information can be obtained. ~A1though non-EPA documents may pro\;de regional and state site
managers, as well as the regulated community, v.ith useful technical information, these non-EPA
guidances are not officially endorsed by EPA. and all parties involved should clearly underst.z.nd
that such guidances do not in any way replace current EPA or OSWER gui~cesor policies
addressing the remedy selection process in the Superfund, RCRA. or UST programs.

2
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BACKGROUND

The term "monitored natural attenuation", as used in this Directive, refers to the reliance
on natural attenuation processes (v.ithin the context of a carefully controlled and monitored site
cleanup approach) to achieve site·specific remedial objectives within a time frame that is
reasonable compared to that offered by other more active methods. The "natural attenuation
processes" that are at work in such a remediation approach include a variety of physical,
chemical, or biological processes that, under favorable conditions, act without human
intervention to reduce the mass, toxicity, mobility, volume, or concentration ofcontaminants in
soil or groundwater. These in-situ processes include biodegradation; dispersion; dilution;
sorption; volatilization; and chemical or biological stabilization, transformation, or destruction of
contaminants. When relying on natural attenuation processes for site remediation, EPA prefers
those processes that degrade contaminants, and for this reason, EPA expects that monitored
natural attenuation 'will be most appropriate at sites that have a low potential for plume
generation and migration (see Section 3 under "Implementation"). Other terms associated with
natural attenuation in the literature include "intrinsic remediation", "intrinsic bioremediation",
"'passive bioremediation". "'natural recovery", and "'natural assimilation". \\1lile some of these
terms are synonymous ~ith "natural attenuation," others refer strictly to biological processes,
excluding chemical and physical processes. Therefore, it is recommended that for clarity and
consistency, the tern "monitored natural attenuation" be used throughout OSWER remediation
programs unless a specific process (e.g., reductive dehalogenation) is being referenced.

Natural attenuation processes are typically occurring at all sites, but to varying degrees of
effectiveness depending on the types and concentrations of contaminants present and the
physical, chemical, and biological characteristics of the soil and groundwater. Natural
attenuation processes may reduce the potential risk posed by site contaminants in three ways:

(1)

(2)

(3)

The contaminant may be converted to a less toxic form through'destructive
processes such as biodegradation or abiotic transformations;

Potential exposure levels may be reduced by lowering of concentration
levels (through destructive processes, or by dilution or dispersion); and

Contaminant mobility and bioavailability may be reduced by sorption to
the soil or rock matrix.

,0

\\7here conditions are favorable, natural attenuation processes may reduce contaminant .
mass or concentration at sufficiently rapid rates to be integrated into a site's soil or groundwater
remedy (see Section 3 under "Implementation" for a discussion of favorable site conditions).
Follov.-ing source control measures, natural attenuation may be sufficiently effective to achieve
remediation objectives at some sites v.ithout the aid ofother (active) remedial measures.
Typically, however, monitored natural attenuation Vtill be used in conjunction with active
remediation measures. For example, monitored natural attenuation could be employed in lower
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concentration areas of the dissolved plume and as a follow-up to active remediation in areas of
higher concentration. EPA also encourages the consideration of innovative approaches which
may offer greater confidence and reduced remediation time frames at a modest additional cost.

\Vhile monitored natural attenuation is often dubbed "passive" remediation because it
occurs v.ithout human intervention, its use at a site does not preclude the use of "active"
remediation or the application of enhancers of biological activity (e.g., electron acceptors,
nutrients, and electron donors). However, by definition, a remedy that includes the introduction
of an enhancer ofany type is no longer considered to be "natural" attenuation. Use ofmonitored
natural attenuation does not imply that activities (and costs) associated with investigating the site
or selecting the remedy (e.g., site characterization, risk assessment, comparison ofremedial
alternatives, performance monitoring, and contingency measures) have been eliminated. These
elements of the investigation and c1.::anup must still be addressed as required under the particular
OS\VER program, regardless of the remedial approach selected.

Transformation Products

It also should be noted that some natural attenuation processes may result in the creation
of transformation productsJ that are more toxic than the parent contaminant (e.g., degradation of
trichloroethylene to vinyl chloride). The potential for creation of toxic transfoIDlation products is
more likely to occur at non-petroleum release sites (e.g., chlorinated solvents or other volatile
organic spill sites) and should be evaluated to determine if implementation of a monitored
natural anenuation remedy is appropriate and protective in the long term. Additionally, some
natural attenuation processes may result in transfer of som.e contaminants from one medium to
another (e.g., from soil to groundwater, from soil to air or surface water, and from groundwater
to surface water). Such cross-media transfer is not desirable, and generally not acceptable except
under certain site-specific circwnstances, and would likely require an evaluation of the potential
risk posed by the contaminant(s) once transferred to that medium.

petroleum-R elated Contaminants

Natural attenuation processes, particularly biological degradation, are currently best
documented at petroleum fuel spill sites. Under appropriate field conditions, the regulated
compounds benzene, toluene, ethyl benzene, and x:rlene (ErE),.) may naturally degrade through
microbial activity and ultimately produce non-toxic end products (e.g., carbon dioxide and
water). \\l1ere microbial activity is sufficiently rapid, the dissolved BTEX contaminant plume
may stabilize (i.e., stop expanding),' and contaminant concentrations may eventually decrease to
levels below regulatory standards. Following degradation ofa dissolved BTEX plume, a residue

7be term "transformation products" in the Directive includes biotically and abiotically formed products
described above (e.g., TCE, DCE, vinyl chloride), decay chain daughter products from radioactive decay, and
inorganic elements that become methylated compounds (e.g., methyl mercury) in soil and sediment.
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consisting of heavier petroleum hydrocarbons of relatively low solubility and volatility will
typically be left behind in the original source (spill) area. Although this residual contamination
may have relatively low potential for further migration, it still may pose a threat to human health
or the environment either from direct contact with soils in the source area or by continuing to
slowly leach contaminants to groundwater. For these reasons, monitored natural attenuation
alone is generally not sufficient to remediate even a petroleum release site. Implementation of
source control measures in conjunction v,ith monitored natural attenuation is almost always
necessary. Other controls (e.g., institutional controls"), in accordance with applicable state and
federal requirements, may also be necessary to ensure protection ofhuman health and the
en\ironment. Furthermore, while BTEX contaminants tend to biodegrade with relative ease,
other chemicals (e.g., methyl tertiary-butyl ether [MTBE]) that are more resistant to biological or
other degradation processes may also be present in petroleum fuels. In general, monitored
natural attenuation is not appropriate as a sole remediation option at sites where non-degradable
.and nonattenuated contaminants are present at levels that pose an unacceptable risk to human
health or the environment. 'Where non-degradable contaminants are present, all processes (listed
on page 4) which contribute to natural attenuation should be evaluated to ensure protection of
human health and the environment.

Chlorinated Solvents

Chlorinated solvents, such as trichloroethylene, represent another class of common
contaminants that may also biodegrade under certain environmental conditions. Recent research
bas identified some ofthe mechanisms potentially responsible for degrading these solvents,
furthering the development ofmethods for estimating biodegradation rates of these chlorinated
compounds. However, the hydrologic and geochemical conditions favoring significant
biodegradation ofchlorinated solvents may not often occur. Because of the nature and the
distribution ofthese compounds, natural attenuation may not be effective as a remedial option. If
they are not adquately addressed through removal or containment measures, source materials can
continue to contaminate groundwater for decades or even centuries. Cleanup of solvent spills is
also complicated by the fact that a typical spill includes multiple contaminants, including some
that are essentially non-degradable.~ Extremely long dissolved solvent plumes have been
documented that may be due to the existence of subsurface conditions that are Dot conducive to
natural attenuation.

~'----,----.-.-.-=04.-,.---,.--,.--- ... --------,--,.-.----.--.----..--.-.--.---------.---.. -_.
_C __ ,.'=C--"':;'~ -. -: . The irnri ~instituti6nalcontro1s~"Tefersto-non-engineering measur~lly,llUtnOt always, Jegalcontroli-

intended to affect human activities in such a way as to prevent or reduce exposure to hazardous substances.
Examples of institutional controls cited in the National Contingency Plan (USEPA, 1990a, p.8706) include land and
resource (e.g., ",-ater) use and deed restrictions, well-drilling prohibitions, building permits, well use advisories, and
deed notices.

Q
5 For example. 1,4-dioxane. which is used as a stabili.z.er for some chlorinated solvents, is more highly toxic, less

likely to sorb to aquifer solids, mld less biodegradable than are other solvents under the same environmental
conditions.

5
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Inorganics

Monitored natural attenuation may, under certain conditions (e.g., through sorption or
oxidation-reduction reactions), effectively reduce the dissolved concentrations and/or toxic forms
of inorganic contaminants in groundwater and soil. Both metals and non-metals (including
radionuclides) may be attenuated by sorption6 reactions such as precipitation, adsorption on the
surfaces of soil minerals, absorption into the matrix of soil minerals, or partitioning into organic
matter. Oxidation-reduction (redox) reactions can transform the valence states of some inorganic
contaminants to less soluble and thus less mobile forms (e.g., hexavalent uranium to tetravalent
uranium) and/or to less toxic forms (e.g., hexavalent chromium to trivalent chromium).
Sorption and redox reactions are the dominant mechanisms responsible for the reduction of
mobility, toxicity, or bioavailability of inorganic contaminants. It is necessary to kDow what
specific mechanism (type ofsorption or redox reaction) is responsible for the attenuation of
inorganics because some mechanisms are more desirable than others. For example, precipitation
reactions and absorption into a soil's solid structure (e.g.,-eesium into specific clay minerals) are
generally stable, whereas surface adsorption (e.g., uranium on iron-oxide minerals) and organic
partitioning (complexation reactions) are more reversible. Complexation ofmetals or
radionuclides v.ith carrier (chelating) agents (e.g., trivalent chromium v.ith EDTA) may increase
their concentrations in water and thus enhance their mobility. Changes in a 'Contaminant's
concentration, pH, redox potential, and chemical speciation may reduce a contaminant's stability
at a site and release it into the environment. Determining the existence and demonstrating the
irreversibility of these mechanisms are key components ofa sufficiently protective monitored
natural attenuation remedy.

In addition to sorption and redox reactions, radionuclides exhibit radioactive decay and.,
for some, a parent-daughter radioactive'decay series. For example, the dominant attenuating
mechanism of tritium (a radioactive isotopic form ofhydrogen with a short half-life) is
radioactive decay rather than sorption. Although tritium does not generate radioactive daughter
products, those generated by some radionul;des (e.g., Am-241 and Np-237 from Pu-241) may be
more toxic, have longer half-lives, and/or be more mobile than the parent in the decay series. It
is critical that the near surface or surface soil pathways be carefully evaluated and eliminated as
potential sources of radiation exposure.

Inorga.rUc conta..-ninants persist in the subsu:face because, except for radioactive decay,
they are not degraded by the other natural attenuation processes. Often, however, they may exist
in forms that are less mobile, not bioavailable, and/or non-toxic. Therefore, natural attenuation

------ -. . ------- - - - - --~ ._-•._.._-.-.. - --~--=.-",,::=-----=:=,._~--:-:=,,~--=-==--~=-==--=-.:'-----

6,y,1lt:n I contlminant is associated '9.ith a solid phase, it is usually Dot bOWD if the contamina::lt is precipitated
as a three-dimensional molecular coating on the surface of the solid, adsorbed onto the surface of the solid, absorbed
into the structure of the solid., or partitioned into organi: matter. "Sorption" '9.;11 be used in this Directive to
describe, in a generic sense (i.e., without regard to the precise me:hanism) the partitioning ofaqueous phase
constituents to a solid phase.

6
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of inorganic contaminants is most applicable to sites where immobilization or radioactive decay
is demonstrated to be in effect and the process/mechanism is irreversible.

Advantages and Disadvantages of Monitored Natural Attenuation

Monitored natural attenuation has several potential advantages and disadvantages, and its
use should be carefully considered during site charact~rization arid evaluation of remediation
alternatives. Potential advantages of monitored natural attenuation include: •

• As with any in situ process, generation oflesser volume of remediation
wastes, reduced potential for cross-media transfer ofcontaminants
commonly associated v.ith ex situ treatment, and reduced risk ofhwnan
exposure to contaminated media; ,

• Less intrusion as few surface ~.IUctures are required;

• Potential for application to all or part of a given site, depending on site
conditions and cleanup objectives;

-0
•

•

Use in conjunction with, or as a follow-up to, other (active) remedial
measures; and

Lower overall remediation costs than those associated v,.ith active
remediation.

The potential disadvantages ofmonitored natural attenuation include:

• Longer time frames may be required to achieve remediation objectives,
compared to active remediation;

• Site characterization may be more complex and costly;

• Toxicity of transformation products may exceed that oftbe parent
compound;

-- --_.- .--~~__~ ~._._._- -7"-Long term monitoring y,rill generally_benecessaI)';--,_~-=-=,====c---=-==

,0

•

•

Institutional controls may be necessary to ensure long tenn protectiveness;

Potential exists for continued contamination migration, andlor cross-media
transfer ofcontaminants;

7
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Hydrologic and geochemical conditions amenable to natural attenuation
are likely to chanl:!e over time and could result in renewed mobility of
previously stabili;ed contaminants, adversely impacting remedial
effectiveness; and

• More extensive education and outreach efforts may be required in order to
gain public acceptance ofmonitored natural attenuation.

L~IPLEl\fE1\lAnON

o

The use of monitored natural attenuation is not new in OS\VER programs. For example,
in the Superfund program, selection ofnatural attenuation as an element in a site's groundwater
remedy goes as far back as 1985. Use ofmonitored natural attenuation in OS:WER programs has
CQntinued since that time, slowly increasing v.ith greater program experience and scientific
understanding of the processes involved. .Recent advances in the scientific understa.'1ding of the
processes CQntributing to natural attenuation have resulted in a heightened interest in this
approach as a potential means ofachieving soil and groundwater cleanup objectives. However,
complete reliance on monitored natural attenuation is appropriate only in a limited set of
circumstances at contaminated sites. The sections which follow seek to clarify OS\VER program
policies regarding the use ofmonitored natural attenuation. Topics addressed include site
characterization; the types ofsites where monitored natural attenuation may be appropriate;
reasonable remediation time frames; the importance of source control; perfonnance monitoring;
and contingency remedies where monitored natural attenuation will be employed.

Role of Monitored NatllI'2.1 Attenuation in OSytER Remediation programs

Under OSWER programs, remedies selected for contaminated media (such as
contaminated soil and groundwater) must protect human health and the environment. Remedies
may achieve this level ofprotection using a variety of methods, including treatment,
containment, engine-.."Ting controls, and other means identified dtL.-ffig the remedy selection
process.

-8

Tne regulatory and policy frameworks for corrective actions under the UST, ReRA., and
Superfund programs have been established to ilTIplement their respective statutory mandates and
to promote the selection of technically defensible, nationally consistent, and cost effective

_ _ solutions for the cleanujl of contaminated media.EPA recognizes that monitored natur~L_ _ _ _
attenuatTon·may -h-e·aIi-appropriaterememationo-ption for·Contaminated soil and groundwater-­
under certain circumstances. However, determining the appropriate mix ofremediation methods
at a given site, including when and bow to use monitored natural attenuation, can be a complex
process. Therefore, monitored natural attenuation should be carefully evaluated along v.ith other
viable remedial approaches or technologies (including innovative technologies) within the
applicable remedy selection framework. ~lonitored natural attenuation should not be
considered a default or presumpth·e remedy at any contaminated site.

,0
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Each OSWER program has developed regulations and policies to address the particular
types of contaminants and facilities within its purview'. Although there are differences among
these programs, they share several key principles that should generally be considered during
selection of remedial measures, including:

• Source control actions should use treatment to address "principal threat"
wastes (or products) wherever practicable, and engineering controls such
as contairunent for waste (or products) that pose a relatively low long-term
threat, or where treatment is impracticable.8

• Contaminated groundwaters should be returned to "their beneficial uses9

wherever practicable, within a time frame that is reasonable given the
particular circumstances of the site." When restoration of groundwater is
not practicable, EPA "expects to prevent further migration of the plume,
prevent exposure to the contarmnated groundwater, and evaluate further
risk reduction" (which may be appropriate).IO

• Contaminated soil should be remediated to achieve an acceptable level of
risk to human and envirorunental receptors, and to prevent any transfer of

'Existing program guidance and policy regarding monitored natural attenuation can be obtained from the
follov.wg sources: For Superfund, see "Guidance on Remedial Actions for Contaminated Groundwater at
Superfund Sites:' (USEPA, 1988a; pp. 5-7 and 5-8); the Preamble to the 1990 National Contingency Plan (VSEPA,
1990a, pp.8733-34); and "Presumptive Response Strategy and Ex-Situ Treatment Technologies for Contaminated
Ground Water at CERCLA Sites, Final Guidance" (USEPA, 1996a; p. 18). For the RCRA program, see the Subpan
S Proposed Rule (USEPA, 1990b, pp.30825 and 30829), and the Advance Notice of Proposed Rulemaking
(USEPA, 1996b, pp.l9451-52). For the UST program, refer to Chapter IX in "How to E....aluate Alternative
Cleanup Technologies for Underground Storage Tank Sites: A Guide for Corrective Action Plan Reviewers;"
(USEPA,1995a).

8Principal threat wastes are those source materials (e.g., non-aqueous phase liquids [NAPL], saturated soils) that
are highly toxic or highly mobile that generally cannot be reliably contained (USEPA. 1991). Low level threat
wastes are source materials that can be reliably contahed or that would pose,only a low risk in the e....ent of
exposure. Contaminated groundv,,'ater is neither a principal nor a low-level threat waste.

,,~_--,~~---"=7~-.Beneficia1.uses.()fcgrwndwater~ in"lude m!'s _(orwbicJ1 w2.tergU2JjD'..s.taDdards-PaYL~J~p-p-ro_mjlJ.gat~!b~=====
such as a drinking water suppl)', or as a source of recharge to surface water, or other uses. These or other types of
beneficial uses may be identified as part ofa Comprehensive State Groundwater Protection Program (CSGWPP):
For more information on CSG\\1'Ps. see USEPA, 19912 and 1997b, or contact your state implementing agency.

10 This is a general expectation for remedy selection in the Superfund program, as stated in the National
Contingency Plan (USEPA, 199020, §300.430 (a)(1)(iii)(F)). The NCP Preamble also specifies that cleanup levels
appropriate for the expected beneficial use (e.g., MCLs for drinking 'V.'1lter) "should generally be attained throughout
the con:aminated plume, or at and beyond the edge of the waste management area when waste is left in place."

9
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contaminants to other media (e.g., surface or groundwater, air, sediments)
that would result in an unacceptable risk or exceed required cleanup levels.

Consideration or selection of monitored natural attenuation as a remedy or remedy
component does not in any way change or displace these (or other) remedy selection principles.
Nor does use of monitored natural attenuation diminish EPA's or the regulated party's
responsibility to achieve protectiveness or to 'satisfy long-term site cleanup objectives.
Monitored natural attenuation is an appropriate remediation method only where its use
will be protective of human health and the environment and it will be capable of achieving
site-specific remediation objecth'es l\ithin a time frame that is reasonable compared to
other alternath'es~ The effectiveness of monitored natural attenuation in both near-term and
long-term time frames should be demonstrated to EPA (or other regulatory authority) through:
1) sound technical analysis which provides confidence in natural attenuation's ability to achieve
remediation objectives; 2) performance monitoring; and 3) backup or contingency remedies
where appropriate. In summary, lise of monitu.ed natural attenuation does not imply that
EPA or the responsible parties are "walking away" from the cleanup or financial
responsibilit)· obligations at a site.

It also should be emphaSized that the selection ofmonitored natural attenuation as a
remedy does not imply that active remediation measures are infeasible, or are '"technically
i....npra:ticable." Technical impracticability (TI) determinations, which EPA makes based on the
inability to achieve required cleanup levels using available remedial technologies and
approaches, are used to justify a change in theremediation objectives at Superfund and ReM
sites (USEPA, 1993a). A TI determination does not imply that there 'will be no active
remediation at the site, nor that monitored natural attenuation will be used at the site. Rather, a
TI determination sunply indicates that the cleanup levels and objectives which would otheIv:ise
be required cannot practicably be attained v.ithin a reasonable time frame using available
remediation technologies. In such cases, an alternative cleanup strategy that is fully protective of
human health and the environment must be identified. Such an alternative strategy may still
include engineered remediation components, such as containment for an area contaminated with
dense non-aqueous phase liquids (DNAPL), in addition to approaches intended to restore to
beneficial uses the portion of the plume with dissolved contaminants. Several remedial
approaches could be appropriate to address the dissolved plume, one of which could be
monitored natural attenuation under suitable conditions. However, the evaluation of natural

_____.attenuation processc.:. auJihe .decision to rely .upon monitored natural attenuation for_tbe-7".-_=_~--=_===

dissolved plume should be distinct from the recognition that restoration of a portion of the plume
is technically impracticable (i.e., monitored natural attenuation should not be viewed as a direct
or presumptive outcome of a technical impracticability determination.)

()
.....~<., .._;.

Demonstrating the Efficac)' ofNarural Attenuation through Site Characterizatjon

Decisions to employ monitored natural attenuation as a remedy or remedy
component should be thoroughly and adequately supported ~ith site-specific

10



,0
OS\\YER Directive 9200.4-17

characterization data and analysis. In general, the level of site characterization necessary to
support a comprehensive evaluation of natural attenuation is more detailed than that needed to
support active remediation. Site characterizations for natural attenuation generally warrant a
quantitative understanding of source mass; groundwater flow; contaminant phase distribution
and partitioning between soil, groundwater, and soil gas; rates of biological and non-biological
transfonnation; and an understanding ofhow all of these factors are likely to vary with time.
This infonnation is generally necessary since contaminant behavior is govemeQ by dynamic
processes which must be well understood before natural attenuation can be appropriately applied
at a site. Demonstrating the efficacy ofthis remediation approach likely will require analytical or
numerical simulation of complex attenuation processes. Such analyses, which are critical to
demonstrate natural attenuation's ability to meet remedial action objectives, generally require a
detailed conceptual site model as a foundation ll

•

Site characterization should include collecting data to define (in three spatial dimensions
over time) the nature and distribution of contamination sources as well as the extent of the
groundwater plume and its potential impacts on receptors. However, where monitored natural
attenuation will be considered as a remedial approach, certain aspects ofsite characterization
may require more detail or additional elements. For example, to assess the contributions of
sorption, dilution, and dispersion to natural attenuation ofcontaminated groundwater, a very
detailed understanding ofaquifer hydraulics, recharge and discharge areas and volumes, and
chemical properties is required. \\Tbere biodegradation will be assessed, characterization also
should include evaluation of the nutrients and electron donors and acceptors present in the
groundwater, the concentrations of co-metabolites and metabolic by-products, and perhaps
specific analyses to identify the microbial populations present. The findings of these, and any
other analyses pertinent to characterizing natural attenuation processes, should be incorporated
into the conceptual model ofcontaminant fate and transport developed for the site.

Monitored natural attenuation may not be appropriate as a remedial option at many sites
for technological or economic reasons. For example, in some complex geologic systems,
techr.ologicallimitations may preclude adequate monitoring ofa natural attenuation remedy to

IIA conceptual site model is a three-dimensional representation that conveys what is knOv,'O or suspected about
cont:amination sources, release mechanisms, and the transport and fate of those contaminants. The conceptual
model pro..;des the basis for assessing potential remedial technologies at the site. "Conceptual site model" is not
S)'OOD)'IIlOUS with "computer model;" however, a computer model may be helpful for understanding and visualizing

····~t &ite conditions or for predictive simulations of potential future 1:Onditions.,-<:Omputer models,-which
simulate site processes mathematically, should in tum be based upon sound conceptual site models to provide __
meaningful inforIl'iation: Computer models i)'Pi~ll}' requiR a lot of data, and the quality of the output from
computer models is directly related to the quality of the input data. Because of the complexity of natural systems,
models necessarily rely on simplifying assumptions that mayor may not accurately represent the dynamics of the
natural system. Calibration 2.Ild sensitivity an2.lyses are important steps in appropriate use of models. Even so, the
results of computer models should be carefully interpreted and continuously verified with adequate field data.
Numerous EPA references on models are listed in the ·'Additional References" section at the end of this Directive.

11
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ensure with a high degree of certainty that potential receptors will not be impacted. This
situation typically occurs in many karstic, structured, and/or fractured rock aquifers where
groundwater moves preferentially through discrete channels (e.g., solution channels, foliations,
fractures, joints). The direction of groundwater flow through such heterogeneous (and often
anisotropic) materials can not be predicted directly from the hydraulic gradient, and existing
techniques may not be capable of identifying the channels that cany contaminated groundwater
through the subsurface. Monitored natural attenuation ""ill not generally be appropriate where
site complexities preclude adequate monitoring. Although in some situations it may be
technically feasible to monitor the progress of natural attenuation, the cost of site
characterization and long-term monitoring required for the implementation ofmonitored natural
attenuation is high compared to the cost ofother remedial alternatives. Under such
circumstances, natural attenuation would not necessarily be the low-cost alternative.

A related consideration for site characterization is how other remedial activities at the site
could affect natural attenuation. For example, the capping ofcontaininated soil could alter both
the type of contaminants leached to groundwater, as well as their rate of transport and
degradation. Therefore, the impacts ofany ongoing or proposed remedial actions should be
factored into the analysis of natural attenuation's effectiveness. When considering source
CXlntainment/treatment together ""ith natural attenuation ofchlorinated solvents, the potential for
cutting off sources of organic carbon (which are critical to biodegradation of the solvents) should
be carefully evaluated.

Once the site characterization data have been collected and a conceptual model
developed, the next step is to evaluate the efficacy ofmonitored natural attenuation as a remedial
approach. Three types ofsite-specific information or "evidence" should be used in such an
evaluation:

(l) Historical groundwater and/or soil chemistry data that demonstrate a clear
and mea..Tlingful trend12 of decreasing contamina.~tmass and/or
CXlncentration over time at appropriate monitoring or sampling points. (In
the case ofa groundwater plume, decreasing concentrations should not be
solely the result ofplurne migration. In the case of inorganic contaminants,
the primary attenuating mechanism should also be understood.);

(2) Hydrogeologic and geochemical data that can be used to demonstrate
=::=-==. -·."..".·:-·indirectly the type(s) ofnatural attenuation -processes active at the site,-and .-.----.-----.--- ...

the rate at which such processes will reduce contaminant CXlncentrations to
required levels. For example, characterization data may be used to
quantify the rates ofcontaminant sorption, dilution, or volatilization, or to

12 For guidance on the statistical analysis of environmental data, ple.ase see USEPA, 1989 and 1992b, listed in
the "References Cited" section at the end of this Directive.
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demonstrate and quantify the rates ofbiological degradation processes
occurring at the site;

(3) Data from field or microcosm studies (conducted in or with actual
contaminated site media) which directly demonstrate the occurrence of a
particular natural attenuation process at the site and its ability to degrade
the contaminants ofconcern (typically used to demonstrate biological
degradation processes only).

Unless EPA or the implementing state agency determines that historical data
O'umber 1 above) are of sufficient qualit)" and duration to support a decision to use

.monitored natural attenuation, EPA expects that data characterizing the nature and rates
of natural attenuation processes at the site (Number 2 above) should be pro\ided. "'here
the latter are also inadequate or inconclusive, data from microcosm studies (Number 3
above) may also be necessaI1'. In general, more supporting infonnation may be required to
demonstrate the efficacy ofmonitored natural attenuation at those sites v,rith contaminants which
do not readily degrade through biological processes (e.g., most non-petroleum compounds,
inorganics), at sites v.ith contaminants that trarisform into more toxic and/or mobile forms than
the parent contaminant, or at sites where monitoring has been performed for a relatively short
period of time. The amount and type of information needed for such a demonstration will
depend upon a number ofsite-specific factors, such as the size and nature of the contamination
problem, the proximity of receptors and the potential risk to those receptors, and other physical
characteristics of the environmental setting (e.g., hydrogeology, ground cover, or climatic
conditions).

Note that those parties responsible for site characterization and remediation should ensure
that all data and analyses needed to demonstrate the efficacy ofmonitored natural attenuation
are collected and evaluated by capable technical specialists with expertise in the relevant
sciences. Further, EPA expects that the results will be provided in a timely manner to EPA or to
the state implementing agency for evaluation and approval.

Site, W"nere Monitored Natural Attenuation MaJ' Be Appropriate

Monitored natural attenuation is appropriate as a remedial approach only where it can be
demonstrated capable of achieving a site's remedial objectives within a' time frame that is

-:~~._ ~·_~~.~-·--:'&easonable compared to that offeredby-othermethods and where itmeets the4ipplicable remedy'
selection criteria for the particular OSWER program. EPA expects that monitored natural
attenuation ~ill be most appropriate when used in conjunction with acti\'e remediation
measures (e.g., source control), or as a follow-up to active remediation measures that have
already been implemented. .

,0
In detennining whether monitored natural attenuation is an appropriate remedy for soil or

groundwater at given site, EPA or other regulatory authorities should consider the following:
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• \\1J1ether the contaminants present in soil or groundwater can be
effectively remediated by natural attenuation processes;

• Whether the resulting transfonnation products present a greater risk than
do the parent contaminants;

• The nature and distribution of sources ofcontamination and whether these
sources have been or can be adequately controlled;

• \\llether the plume is relatively stable or is still migrating and the potential
for environmental conditions to change over time;

• The impact ofexisting and proposed active remediation measures upon the
.monitored natural attenuation component of the remedy;

• Whether drinking water supplies, other groundwaters, surface waters,
ecosystems, sediments, air, or other environmental resources could be
adversely impacted as a consequence of selecting monitored natural
attenuation as the remediation option;

• Whether the estimated time frame of remediation is reasonable (see below)
compared to time frames required for other more active methods
(including the anticipated effectiveness of various remedial approaches on
different portions of the contaminated soil and/or groundwater);

• Current and projected demand for the affected aquifer over the time period
that the remedy will remain in effect (including the availability ofother
water supplies and the loss of availability of other groundwater resources
due to contamination from ct.her soUrces); and

• \\"hether reliable site-specific vehicles for implementing institutional
controls (i.e., zoning ordinances) are available, and if an institution
responsible for their monitoring and enforcement can be identified.

14

_ ___ For example, evaluation of a given site may determine that, once the source areaa:nd__
higher concentration portions of the plume are effectively contained or remediated, lower
concentration portions of the plume could achieve cleanup standards within a few dl'"..cades
through monitored natural attenuation, if this time frame is comparable to those of the more
aggressive methods evaluated for this site. Also, monitored natural attenuation would more likely
be appropriate if the plume is not expanding, nor threatening downgradient wells or surface water
bodies, and where ample potable water supplies are available. The remedy for this site could
include source control, a pump-and-treat system to mitigate only the highly-contaminated plume
areas, and monitored natural attenuation in the lower concentration portions of the plume. In(0
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combination, these methods would maximize groundwater restored to beneficial use in a time
frame consistent with future demand on the aquifer, while utilizing natural attenuation processes
to reduce the reliance on active remediation methods (and reduce cost).

Ofthe above factors, the most important considerations regarding the suitability of
monitored natural attenuation as a remedy include whether the groundwater contaminant plume
is grov,i.ng, stable, or shrinking, and any risks posed to human arid environmental receptors by
the contamination. :Monitored natural attenuation should not be used where such an
approach would result in significant contaminant migration or unacceptable impacts to
receptors. Therefore, sites where the contaminant plumes are no longer increasing in size, or are
shrinking in size, would be the most appropriate candidates for monitored natural attenuation
remedies.

Reasonableness of Remediation Tjme Frame

o

The longer remediation time frames typically associated with monitored natural
attenuation should be compatible with site-specific land and groundwater use scenarios.
Remediation time frames generally should be estimated for all remedy alternatives undergoing
detailed analysis, including monitored natural attenuation'3. Decisions regarding the
"reasonableness" of the remediation time frame for any given remedy alternative should then be
evaluated on a site-specific basis. While it is expected that rnonitord natural attenuation may
require somewhat longer to achieve remediation objectives than would active remediation, the
overall remediation time frame for a remedy which relies in whole or in part on monitored
natural attenuation should not be excessive compared to the other remedies considered.
Furthermore, subsurface conditions and plume stability can change over the extended timeframes
that are necessary for monitored natural attenuation.

Defining a reasonable time frame is a complex and site-specific decision. Factors that
should be considered when evaluating the length oftime appropriate for remediation include:

•
.

Classification ofthe affected resource (e.g., drinking water source,
agricultural water source) and value of the resource l

";

____ --_0 - . ..
- _ ..- ----" ._-- ­._..- ---- . __ .. - --_ .. _------------ --------- ~~~- -~ - ------- -- ------

-~--_._~----- ~ -..;.;,....;;..;,;.....;,;,;",--------

13 EPA recognizes that predictions ofremediation time frames may involve significant uncertainty; however,
such predictions are very useful wben comparing two or more remedy alternatives.

'" In determining whether an extended remediation time frame may be appropriate for the site, EPA and other
regulatory authorities should consider state groundwater resource classifications, priorities and/or valuations where
a\'ailable, in addition to relevant federal guidelines.
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Relative time frame in which the affected portions of the aquifer might be
needed for future water supply (including .the availability ofalternate
supplies); .

Un certain ties regarding the mass of contaminants in the subsurface and
predictive analyses (e.g., remediation time frame, timing of future demand,
and travel time for contaminants to reach points ofexposure appropriate
for the site);

Reliability ofmonitoring and of institutional controls over long time
periods;

Public acceptance of the extended time for remediation; and

Provisions by the responsible party for adequate funding ofmonitoring
and performance evaluation over the period required for remediation.

Finally, individual states may provide information and gUidance-relevant to many of the­
factors discussed above as part of a Comprehensive State Groundwater Protection Program
(CSGWPP). (See USEPA, 1992a) Where a CSG\VPP has been developed, it should be
consulted for groundwater resource classification and other information relevant to determining
required cleanup levels and the urgency of the need for the groundwater. ·Also, EPA remediation
programs generally should defer to state determinations of current and future groundwater uses,
when based on an EPA-endorsed CSGWPP that has provisions for site-specific decisions
(USEPA, 1997b).

. Thus, EPA or other regulatory authorities' should consider a number of factors when
evaluating reasonable time frames for monitored natural attenuation at a given site. These
factors, on the whole, should allow the regulatory agency to determine whether a natural
attenuation remedy (including institutional controls where applicable) will fully protect potential
human and environmental receptors, and whether the site remediation objectives a.TJd the time
needed to meet them are consistent with the regulatory expectation that contaminated
groundwaters will be returned to beneficial uses within a reasonable time frame. When these
conditions cannot be met using monitored nan.ral attenuation, a remedial alternative that does
meet these expectations should be selected instead.

--- --- -_.----
Remediation of Contamination Sources and Highly Contaminated Areas

The need for control measures for contamination sources and other highly contaminated
areas should be evaluated as part of the remedy decision process at all sites, particularly where
monitored natural attenuation is under consideration as the remedy or as a remedy component.
Source control measures include removal, treatment, or containment measures (e.g., physical or
hydraulic control of areas of the plume in which NAPLs are present in the subsurface). EPA
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prefers remedial options which remove or treat contaminant sources when such options are
technically feasible.

Contaminant sources which are not adequately addressed complicate the long-term
cleanup effort. For example, following free product recovery, residual contamination from a
petroleum fuel spill may continue to leach significant quantities ofcontaminants into the
groundwater. Such a lingering source can unacceptably extend the time necessary to reach
remedial objectives. This leaching can occur even while contaminants are being naturally
attenuated in other parts of the plume. If the rate ofattenuation is lower than the rate of
replenishment of contaminants to the groundwater, the plume can continue to expand and
threaten dov.'I1gradient receptors.

Control ofsource materials is the most effective means ofensuring the timely attainment
ofremediation objectives. EPA, therefore. expects that source control measures will be
evaluated for aU contaminated sites and that source control measures will be taken at most sites
where practicable.

Perf~rmance Monitoring

Performance monitoring to evaluate remedy effectiveness and to ensure protection of
human health and the environment is a critical element of all response actions. Performance
monitoring is of even greater importance for monitored natural attenuation than for otber types
of remedies due to the longer remediation time frames, potential for ongoing contaminant
migration, and otber uncenainties associated with using monitored natural attenuation. This
emphasis is underscored by EPA's reference to "monitored natural attenuation".

The monitoring program developed for each site should specify the location, frequency,
and type of samples and measurements necessary to evaluate remedy performance as well as
define the anticipated performance objectives of the remedy. In addition, all monitoring
programs should be designed to accomplish the follov.ring:

• Demonstrate that natural attenuation is occurring according to
expectations;

Identify any potentially toxic transformation products resulting from
'====bbiodegradatio01nrr..==========================

•

•

Detennine ifa plume is expanding (either dov.'I1gradient, laterally or
vertically);

Ensure no impact to downgradient receptors;

17
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• Detect new releases of contaminants to the environment that could impact
the effectiveness of the natural attenuation remedy;

• Demonstrate the efficacy of institutional controls that were put in place to
protect potential receptors;

Detect changes in environmental conditions (e.g.; hydrogeologic,
geochemical, microbiological, or other changes) that may reduce the
efficacy of any of the natura.l attenuation processeslS

; and

• Verify attainment of cleanup objectives.

Periormance monitoring should continue as long as contamination remains above
required cleanup levels. Typically, monitoring is continued for a specified period (e.g., one to
three years) after cleanup levels have been achiev..,d to ensure that concentration levels are stable
and remain below target levels. The institutional and financial mechanisms for maintaining the
-monitoring program should be clearly established in the remedy decision or other site
documents, as appropriate.

Details of the monitoring program should be provided to EPA or the State implementing
agency as part of any proposed monitored natural attenuation remedy. Further information on
the types of data useful for monitoring natural attenuation performance can be found in the ORD
publications (e.g., USEPA, 1997a, USEPA, 1994a) listed in the ''References Cited" section of
this Directive. Also, USEPA (1994b) published a detailed document on collection and
evaluation ofperformance monitoring data for pump-and-treat remediation systems.

Contingency Remedies

A contingency remedy is a cleanup technology or approach specified in the site remedy
decision document that functions as a ''backup'' remedy in the event that the "selected" remedy
fails to perform as anticipated. A contingency remedy may specify ~ technology (or
technologies) that is (are) different from the selected remedy, or it may simply call for
modification and enhancement of the selected technology, ifneeded. Contingency remedies
should generally be flexible-allov.ing for the incorporation ofnew information about site risks

,,::_ ':'0- ,ccand technolog}es. .~=-~~··_-:::.~:::-C--"-_~~O:=-=--:-"'-==':':':'-C -Co :--==::;;.::::.::-~::.=.: .~~:~.:.:;~z.~:-~,::.::::-o-;~"-=-- -::',.. _~'::.::,..... . . ,=--=,-==-

- --. -- :. Contingency remedies are not new to OSVIER programs. -Contingency remedies should
be employed where the selected technology is not proven for the specific site application, where

o
ISOetection of changes will depend on the proper siting and construction of monitoring wells/points. Although

the siting of monitoring wells is a concern for any remediation technology, it is of even greater concern with
monitored natural attenuation because of the lad: of engineering controls to control contaminant migration.

18
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there is significant uncertainty regarding the nature and extent of contamination at the time the
remedy is selected, or where there is uncertainty regarding whether a proven technology will
perfonn as anticipated under the particular circumstances of the site.

It is also recommended that one or more criteria ("triggers") be established, as
appropriate, in the remedy decision document that will signal unacceptable perfonnance of the
selected remedy and indicate when to implement contirigency measures. Such criteria might
include the following:

• Contarllinant concentrations in soil or groundwater at specified locations
exhibit an increasing trend;

• Near-source wells exilibit large concentration increases indicative ofa new
or renewed release;

• Contaminants are identified in sentry/sentinel wells located outside of the
original plume boundary, indicating renewed contaminant migration;

• Contaminant concentrations are not decreasing at a sufficiently rapid rate
to ml"et the remediation objectives; and

In establishing triggers or contingency remedies, however, care is needed to ensure that
sampling variability or seasonal fluctuations do not set off a trigger inappropriately. For
example, an anomalous spike in dissolved concentration(s) at a welles), which may set off a
trigger, might not be a true indication of a change in trend.

o· • Changes in land and/or groundwater use will adversely affect the
protectiveness of the monitored natural attenuation remedy.

EPA recommends that remedies employing monitored natural attenuation be evaluated to
determine the need for including one or more contingency measures that would be capable of
achieving remediation objectives. EPA believes that a contingency measure may be particularly
appropriate for a monitored natural attenuation remedy which has been selected based primarily
on predictive analysis (second and third lines of evidence discussed previously) as compared to
natural attenuation remedies based on historical trends of actual monitoring data (first line of

-c-~-o-~--- evidence).--~=-~~==:-::_~~:::-:=--=c---:~-_--=-:-----~:--=~- c-,-:-- -~7~_-=":-:"::::~:'~_~ __:..;'_-c -_ --=7=O~~ ~_:"=='O-- -- -------

Silltll\1ARY

o
The use of monitored natural attenuation does not signify a change in OSWER's

remediation objectives; monitored natural attenuation should be selected only where it will be
fully protective of human health and the envirorunent. EPA does Dot view monitored natural
attenuation to be a U DO action" remedy, but rather considers it to be a means of addressing
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contamination under a limited set of site circumstances where its use meets the applicable
statutory and regulatory requirements. Monitored natural attenuation is not a "presumptive" or
~'default" remediation alternative, but rather should be evaluated and compared to other viable
remediation methods (including innovative technologies) during the study phases leading to the
selection ofa remedy. The decision to implement monitored natural attenuation should include a
comprehensive site characterization, risk assessment where appropriate, and measures to control
sources. Also, monitored natural attenuation should not be used 'where such an approach would
result in significant contaminant migration or unaccept,aple impacts to receptors and other
environmental resources. In addition, the progress of natural attenuation towards a site's
remediation objectives should be carefully monitored and compared \\<ith expectations to ensure
that it will meet site remediation objectives \\ithin a time frame that is reasonable compared to
time frames associated \\ith other mel10ds. 'Where monitored natural attenuation's ability to
meet these expectations is uncertain and based predominantly on predictive analyses, decision­
makers should incorporate contingency measures into the remedy.

EPA is confident that monitored natural attenuation will be, at many sites, a reasonable
-and protective component ofa broader remedial strategy. -However, EPA believes that there will

be many other sites where uncertainties too great or a need for a more rapid remediation will
preclude the use ofmonitored natural attenuation as a stand-alone remedy. This Directive should
help promote consistency in how monitored natural attenuation remedies are proposed,
evaluated, and approved.
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http://Vt~~·.epa.gov/swerffrr/chlorine.htm
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-o Attachment
EPA Contacts

November 18, 1997

Ifyou have any questions regarding this policy, please first call the RCRAlSuperfund Hotline
at (800) 424-9346. Ifyou require further assistance, please contact the appropriate staff from the Jist
below:

o

Headquarters:
Allison Abernathy-Federal Facilities
Dianna Young-Federal Facilities
Ken Lovelace-Superfund
Felicia Vlright-Superfund
Guy Tomassoru-RCRA
Dana Tulis-UST
Hal \Vhite-UST
Linda Fiedler-Technology Innovation

Office of Researcb and Development: _
John \Vilson-RMRL. Ada, OK
Fran Kremer-NRl\-ffiL, Cincinnati, OH
Fred Bishop-NRMRL. Cincinnati, OH

Groundwater Forum:
Ruth Izraeli-RCRA, Superfund

Region 1
Joan Coyle-UST
Ernie Waterman-RCRA
Richard Willey-Superfund
Bill Brandon-Federal Facilities
Megban Cassidy-Federal Facilities

(202) 260-9925
(202) 260-8302
(703) 603-8787
(703) 603-8775
(703) 308-8622
(703) 603-7175
(703) 603-7177
(703) 603-7194

(405) 436-8532
(513) 569-7346
(513) 569-7629

(212) 637-4311

(617) 573-9667
(617) 223-5511
(617) 573-9639
(617) 573-9629
(617) 573-5785

Region 2
Derval Thomas-UST (212) 637-4236
Ruth Izraeli-Superfund (212) 637-4311
Jon Josephs-QRD Technical Liaison (212) 637-4317
Carol Stein-l{CRA .=O:~.'::-."'.:' .~.. ,. --~:.:.==-.,.-._(212) 637~1&L _

(J

Region 3.
Jack Hwang-UST
Kathy Davies-Superfund
Deborah Goldblwn-RCRA

(215) 566-3387
(215) 566-3315
(215) 566-3432



o

o

Region 4
David Ariail-UST
Kay Wischkaemper-TechnicaI Support
Dor.na \ViIkinson-RCRA
Robert Pope-Federal Facilities

RegionS
Gilberta Nvarez-UST
Torn Matheson-RCRA.
Luanne Vanderpool-Superfund

Region 6 .
Lynn Dail-UST
John Cernero-UST

Region 7
William F. Lowe-RCRA
Dave Drake-Superfund

Region 8
Sandra Stavnes-UST
Randy Breeden-RCRA
Rich Muza-Superfund

Region 9
Matt Small-UST
Katherine Baylor-RCRA
Herb Levine-Superfund
Ned Black-Superfund
Mark Filippini-"Superfund

Region 10
Harold Scott-UST
David Domingo-RCRA Permits Team
Mary Jane Nearrnan-Superfund

(404) 562-9464
(404) 562-4300
(404) 562-4300
(404) 562-4300

(312) 886-6143
(312) 886-7569
(312) 353-9296

(214) 665-2234
(214) 665-2233

(913) 551-7547
(913) 551-7626

(303) 312-6117
(303) 312-6522
(303) 312-6595

(415) 744-2078
(415) 744-2028
(415) 744-2312
(415) 744-2354
(415) 744-2395

(206) 553-1587
(206) 553-8582
(206) 553-6642
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