COMMONLY ASKED QUESTIONS REGARDING
THE USE OF NATURAL ATTENUATION FOR
CHLORINATED SOLVENT SPILLS AT FEDERAL FACILITIES

This brochure was developed through a partiership
among the U8, EPA, Air Force, Army, Navy, and Coast Guard.

Do federal, state, and local regulations
allow natural attenuation as an option for
remediation of chilorinated solvents?

Matural attenuation is recognized by the EPA as a viable method
of remediation for 201l and groundwater that can be evaluaned
and compared 1o other methods of achieving site remediation
as a par of the remedy selection process. The selection of natural
attenuation as a component of any site remedy should be based
on its ability to achieve remediation goals in a reasonable
timeframe and protect human health and the envirenment. EPA
recognithon of natural attenuation extends to sites regulated under
the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLAY; the Resource Conservation and
Recovery Act (RCREA); and underground storage tank (UST)
regulations, Natural attenuation is not a default option or a
"presumptive remedy.” As with any remedy, it must comply with
slle groundwater uwse classifications and standarnds.

“Under certain site conditions, and if properly
documented, natural attenuation can be a viable
oplion for remediating sites as a stand-alone option
or in conjunction with other enginecred
remedialion.” fim Woolford, Director, EPA% Federal
Facilities Restoration and Reuse Office

What is natural attenuation ?

When chlorinated solvens such as wrichloroethene (TCE) or
perchloroethene [ PCE b are spil led or leak inio the soil or ground-
water, several natural processes can oocur o destroy or alier
these chemicals. These processes, known collectively as naru-
ral anemsation, include adsorption w =00l particles, biodegra-
dation of comaminamis, and dilution and dispersion in growund-
water. Many comtaminanis are prevented from migrating off
the site because they are adsorbed to soil particles. Although
biode gradation does not eccur at all chlorinated solvent sites, it
can be an important process in destroyving these contaminants.
Dilwtion and dispersion do not destroy contaminants, but can
significantly reduce their potential nisk at many sites,

“Intrinsic” and “passive” remedistion gre other terms which
have been wed 1o describe the combined effect of these pro-
cesses, Dr John Wikson of the EPA compares natural attenua-
LR 1.|,l'l!-|lrl-l|.“'ﬂ!l,'l"|u- thie Name of a candle, The source ol the
Mame is the wax of the candle just as the source of the ground.-
water conlaminatbon is the concentrated solvents irapped inthe
soil. The Name appears steady because the wax is destroyved in
the flame a5 fasi as it is removed from the candle, Inthe same
way, many groundwaber plurmes will reach “steady stale™ at some
distance from the source, when biological reactions ane able to
desiroy coniaminanis as they enter the groundwater from the
soil. Ewventually, the candle is consumed by the flame jusi as
the coniaminanis in the soil and grovmdwater can be attenuated
through bindegradation and other natural processes.
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How is natural attenuation different from
the “do nothing" approach?

Matural suenuation i3 sometimes mislabeled as the “do noth-
ing” or “walk away ™ approach 1o site cleanup. The truth is that
napural arenustion is a proactive approach thal focuses on the
verification and monitering of natural remediation processes
rather than relying totally on “engmeered ™ processes,

Before natural aftemeation can b proposed for any site, signifi-
cant soil and groundwater data must be collected and evaluated
1o document that natural attenuation is cocurring and 1o esti-
mate the effectiveress of naur] processes in reducimg conlmi=
nant concentrations over time. | natural atterestion is selected
a5 the prefemed site remicdy, the party responsibie for site cleanuop
mLst commit to long-term monitorng 1o verify that the con-
laminants pose no risk 10 human health or the environment and
that natural processes are reducing contaminant levels and rsk
as predicied. Land use and groundwater use are generally con-
irolled on these sites 1o prevent human exposure 1o contami-
MEANAs.

How does natural attenuation of chlorinated
selvents differ from natural attenuation of
petrolewm products such as fuels?

Because chlorinaved solvents are synthetic chemicals, they tend
1 be more resistant to natural biodegradation processes, How-
ewer, significant evidence now exists that biochemical reactions
can also break down chlorinated compounds in the soil and
groundwater. These processes are harder v predict and are
effective at a smaller percentage of sites compared 1o petro-
leusm-contaminated sites. Despite thess limitations, significant
progress has been made inunderstanding the fate and transpon
of chlorinated solvents and the role of natural abenustion.

Chlornated solvents also migrate
differemly than petroleum hydro-
carbons. Because chlorinated
compounds have a greater density
than water, they tend te sink rap-
idly into the aquifer, When large
quantities of solvent are released,
they will sink until they encounter
an impermeable layer whene ey
form small pools which serve as a
long-term source of groundwater
contamination. These unireated
sownces dissolve showly over lime,
contaminating large volumes of
Wiler,

How can you tell if natural attenuation
may work at a sire?

Experts in the science of natural atteneation have identified
several good indicatoss or lines of evidence that can be used 1o
prove that matural processes are reducing confaminant concen-
trations, The following lines of evidence are useful in docu-
menting the natural attenustion of chlorinated selvents:

Historical trends indicating a decrease in contaminant con-
centrations, as well as a stable or retreating plume. A stable
of retreating plume generally indicates that contaminants are
being destroyed as fust as they are dissolved io the ground-
Waler,

Favorable geochemical conditions. Beological reactions will
change the chemical composition of the groundwater. One
comdition which i3 particularly favorable for chlonnated
solvent destruction occurs in groundwater that has been com-
pletely depleted of oxygen and nitrate, Depleted levels of
sulfate and elevated levels of dissolved methane are also
favorable conditions,

* Breakdown or “daughter” products. Chlorinated sahvents
are often destroved by bochemical reactions which remowve
are chlorme atom al a time from the “parent”™ or orginal
solveni, When these breakdown products are detected in
the groundwater, it provides evidence that contaminant de-
strisction is underway. It is imponant for kiodegradation to
be complete, bacause some breakdown products may be mone
toxic than paremt comipournids.

* Laboratory “microcosm’ studies. These siudies can be used
bo simulate pdquifer conditions and to demonstrate that native
bacteria can create the necessary biochemical reactions to
destroy contaminants of concern.  This techrigque is some-
lirru:r: n:quirnl I'|_1r 1.:|1|n|,r|'i|1:|l|.:|:| 31_1|1.'|.."|1I! xilcs l'rci.::lqlw I!|'||r |:.|i|.1-
chemical reactions are more complex and more difficult to
predict than reactions on petroleum-contauminaed sites.




The Air Force Center for Environmental Excellence is devel-
oping & comprehensive natural atenusion protocol (Draft Tech-
nical Protocol for Matural Attenuation of Chlorinated Solvents
in Groundsatery for chlorinmed solvent sites. This decument
describes how this evidence can be collectad during site inves-
tigation activitkes and how it can be interpreted to estimati the
contribution of natiral arenuation in the remediation process.

Wil natural atenuation be effective on all
chilorinared sites?

Definitely not. Some chlornated solvent contamination has
impacted lange quantities of groundwater which will be required
for some beneficial wse. There are nisks associated with the
continued migration of these plumes into public drinking water
supplies and some form of engineenesd remediation is needed
al these sites. O sites where no current nsk to public health or
the environment exists, natural attenuation can play an impor-
tant role in reducing future sk if institutional controls (e.g.,
deed restrictions and zoning ordinances ) can be implemented.
Scientists are beginning to observe certain site profiles where
natural attenuation has a higher probability of being integrated
into the remedintion process. These include:

* Bites where chlorinated solvents are spilled with other
petroleum compounds (the best biochemical reactions
for degradation are produced).

* Sites where the soil contains high levels of natural organic
matter, such s swampy aress of former marshlands,

* Sies where shallow Ilh'lumd]p,:m|“1l1l.1 1% separabed from
deeper groamdwater by a thick, low-permeability clay layer.

Sites where there is little or no source remaining due to
active remediation,

Why are chiorinated solvent spills so
commaon af federal facilities?

Chiorinsted solvents were developed as superior cleaning solu-
tions for removing grease and carbon buildup from metal pars,
For over 40 years they were widely used by ULS, industry and
the federal government fora variety of equipment cleaning tasks,

Prior to environmental laws resiricting their use, these com-
parumicls wene aften stored in drums or underground storage tanks
and disposed of in the sanitary sewer, in evaporation ponds, or
mixed with fuels s burned.  These solvents have created sig-
nificant groundwater contamination al many federal facilities,
Since 1970, when RCRA was established, the use and disposal
of these solvents have been carefully regulated and many chlo-
rinated sodvents have beem replaced with less harmful sulbsii-
luies.

Can natural attenuation achieve site
cleanup goals?

Natural attenuation may be effective in achieving cleanup goals
ol some sites, particularly when these goals are based on site-
specific risk reduction. For example, if contaminant migration
is limited to shallow groundwater, and groundwater use can be
contrelled, natural attenuation may eventually achieve cleanup
goals on some sites. However, natural attenuation 1s more likely
te play a role in cleaning up a portion of a chlorinated site.
Matural attenuation s more hikely to clean up areas that have
lower levels of contamination. Such arcas are normally found
outside of highly contaminated source arcas, or at sites with
relatively small source areas.

What are some of the potential advantages
and limitations of natural atienwation?

Potentinl Advantages

‘ Less generation or transfier of wasies.

‘ Less intrusive and disruptive than engineered methods.

‘ Can be combined with active remedial measures or
used 1o remediate a portion of the site.

‘ Remediation cosis may be bower than with active
remediation.

Potential Limitations

May require more time to achieve cleanup goals and
requires o commitment to long-term monitoring. On
some sites, long-term monitoring costs can be excessive.

v

IF reapural amenuation reles ane 100 slow, the plume
could contimee W0 migrate,
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Can natural afifenuation
processes be enhanced to
speed up the cleanup process?

Matural anenuation may be successiully com-
bined with other remedistion technigues o
achbeve tl-l:.u.nu]: E,u.aL'. sithin o reasonble ime
frame. Enginecred approaches that may be
wed i conjunction with natural atenustion
include ydraulic containment, sidl vapos &x-
traction, source removal, and pump-amd-treat
methods. In addition, non-toxic organic com-
pounds may be added 1o enhance the break-
down of contaminants.

Again, the candle provides a useful illustra-
tion of how active and nadural remediation can
ke combined. I the wop of the candle {the
source) is cul off and removed, the flame
{plumee) will exist for only a fraction of the
original time. Soil vapor extraction, free prod-
et recovery, soil excavation, and groundwa-
ter extraction in the sousee area are all meth-
odls of reducing or containing the source of
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solvenl comamination. The rate at which the
candle burms can also be increased by improy-
ing the conditions for combustion. As men-
tiomed previously, many chlornaied solvents
actually degrode faster in ihe absence of oxy-
gen under angerobic conditions, Researchers
are now developing methods of adding highly
biodegradable organic compounids to imcrease
the natural kacteria population in the ground-
water whach will consumse available oxygen and create these
favorable conditions, Regardiess of whether an engineered
remediation or natural atlenuation is used, controls on ground-
water use will be required on most chlorinated solvent sites

What if natural attenuation does not work
i i site?

As with any remedy, if monitoring resulis indicate inadequaie
progress, it will be necessary fo reevaluate the remedial action
plan. If this occurs, the remediation project manager would
consider implementing an engincered approach for all or part
of the plume,
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Biodegradation Slowly S
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This brochure was developed through a parinership
aenreng thre ULS. EPA, Air Force, Army, Navy, aond Coast
Ceonarrel, df your woruld ke addiftemel informaiion aboei
rrafuerad aftemation ard ity application af federal facili-
Frees, v iy fax yenie regaest fo the Natioral Center
Jor Envirowmental Publications and Tnformation af
(513} 489-8695 or comtact the following agency home
pages o the Internet:

EPA - hiip:/fwww.epagoy

Air Force - hiip:/'www.alcee.brooks.almil
Army - hittp:/facc-www.apgerarmy.mil: 5080
Mavy - hitp:/www.nifesc.nayy, mil

Const Guard = hitp:www.dotgovidotinfo/uscg




