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L5 EPA In a collaborative SERDP-funded study, researchers from
the Air Force Institute of Technology, the 1.5, Environ-

The DOD's Strategic Environmental Research and Devel- mental Protection Agency, and the University of Michigan

opment Program (SERDP) estimates that ower 3,000 DOD developed a numerical model that simulates the enhanced
sites have groundwater contaminated with some type of transport of CAHs imta and owt of low permeability clay
chlorinated aliphatic hydrocarbon (CAH). Commonly used  layers due to the presence of cracks. Using DOD's Ground-
by the DOD as solvents, nonpolar CAHs such as tetrachlo- water Modeling System (GMS), three different groundwater
roethylene, trichloroethylene, and carbon tetrachloride are contamination scenarios using trichloroethylene (TCE) are
of particular concern to the DOD. Past use and disposal modeled:
of these CAHs have led to extensive subsurface soil and
groundwater comtamination. CAHs persist in the ground- Scenario 1 is a sand aquifer (with no day layer present) that
water envinonment and are difficult to remove with current  initially contains a constant 110 mgyd/L TCE scurce for 10
remediation technologies. years, after which the aguifer is flushed with clean uncon-
taminated water for 20 years.
Undissolved CAHs are sometimes referred
to as dense non-aqueous phase liquids
(DMAPLs) — hydrocarbons or hydrocarbon
mirxtures that are heavier than and only
slightly soluble in water. When released to
the subsurface, DNAPLs migrate downward
until they encounter low-permeability day
layers where they may pool [see Figure 1).

Based upon research sponsored by AFCEE,
it is believed that pooled DMAFL sitting
atop the low-permeability dlay layers dis-
solves into the surrounding groundwater,
and the dissolved CAH molecules diffuse
irta the clay layers. Upon removal of the
DNAPL pool, the dissolved CAHs in the
lowi-permeability clay layers remain and
serve as a long-term source of contamina-
tion through “back diffusion”into the rela-
tively clean groundwater flowing past.

The current paradigm is that CAHs move
into and out of the low-permeability clay
layers primarily through diffusion. How-

ever, based upon reports of CAH concen-
trations greater than that expected from
simple diffusion, there is evidence other
transport processes are important. "En-

hanced” diffusion may result from cracks . - S
in 'hEda‘:" Ia}'“sl pﬂ'hﬂ:ks pre-existing or cunhmaﬂ@r::dﬂwndm‘bﬂlwfer:
formed by the interaction between the The DMAPL poals atop low permeability lenses and layers.,

Figure 1. Depiction of 3 DNAPL =pill
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Scenario 2 is the same sand aquifer LAE-01
with a constant 110 mgy'L TCE source,
but the TCE sowrce miow sits atop a
mon-cracked low-permeability clay
layer. LKz
Scenario 3 is the same as Scenario 2
except the low-permeability clay layer
miow contains cracks. 1ox-013
In the madel, the cracked clayis rep-
resented using a dual-domain sub-

miodel; the cracks are represented as a T
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domain of mobile water, while the clay
matrix is represented as a domain of
immobile water. (Rgure 2)
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Figure 3. Concentration wersus time breakthrough curves cbtained from GMS for an obsenation

thie contaminant source as a function point downgradient from a TCE source for three scenarios. The breakthrough cunves suggest that
of time (Figure 3). For Scenario 1, after enhanced dffusion and storage of groundwater contaminants in cracked low permeability clay lay
thie TCE is remowved, the concentration ers lead to persistent downgradient contaminant concentrations even after the contaminant source

remaining is insignificant because EEmmonL

there is no low-permeability clay layer that can actas a
lomg-term contamimant source. For Scenarios 2 and 3, the
downgradient concentration 20 years after the TCE source
iz remowved is still above the maximum contaminant lewvel
fior TCE of QUD05 ma/L. Higher downgradient concentra-
tions are predicted in Scenario 3 than in 5cenario 2 be-
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Figure 2. Conceptual depiction of a DMAPL pool atop a low permeability clay layer ina sand
aquifer. Cracks in the day, efther naturally occuring or caused by the presence of the DNAFL
paol, mary allow for enhanced transport and storage of the DNAFL in the clay layer.

cause the cracks in the low-permeability day layer allow for
mare contaminant mass to enter the layer.

This research project is currently cngoing, as investigators
atternpt to determine the following: 1) how the interaction
of DMAPLs and clay may lead to cracking, and 2) how the

cracking might impact aguifer cleanup and
downgradient risks.

Based on the model simulations performed
to date, it appears enhanced diffusion due
to cracks in low permeability clay layers
miay be an important transport process
that should be taken into account by DOD
site managers considerimg remediation
strategies for groundwater contaminated
with DMAPLs.
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