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The transport of contaminants along interfaces in porous media is
source of contaminant migration that is overlooked in low permeabil
porous media. The consequence of such a transport mechanism is that
apparent bulk hydraulic conductivities of naturally occuring clays
be much higher than previously thought and aquifers that are overlain by
such clay sediments may be much more suscep:ible Lo
reviously believed due to rapid migration of contami
cana¢s, landfills, agricultural return flow and other sources.
Well Head Protection Areas (WHPA) are based on time of t
roundwater from contamination sources to p
ypically, the time of travel estimates are
hydraulics that use idealized ccnceptualizat*”
system. The Theis equation is probably the )
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sand unit. However, one assumption of c
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has also received attention in recent years because of the potential use
of such aquitards for the containment of hazardous wastes and for the
protection of underlying aquifers from other surface sources of
contamination.

Grisak and Cherry (1975) evaluated the hydraulic characteristics
of fractured clay-rich Quaternary deposits in southeastern Manitoba by
monitoring the response of piezometers installed in a clayey aquitard to

pumping in an underlying aquifer. Some piezoemeters in the clay
responded rapidly to pumping whereas others showed no response. The
authors concluded that the fractures controlled the effective bulk

hydraulic conductivity of the clay sediments. Keller et al. (1986)
investigated clayey glacial till overlying a sand aquifer at a site in
west central Saskatchewan. The lower 6m of the 18m thick deposit a
this site appeared to be unweathered and no evidence of fractures wa
observed in core samples. The analysis of pumping tests and piezometer
response tests revealed that the effective hydraulic conductivity of the
sediments was several orders of magnitude higher than that indicated by
core sample consolidation tests. Ewven though standard field technigues

ound no evidence of fractures, response of the aguitard to aguifer
pumping indicated the
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presence of a permeable fracture npetwork

Rudolph et al. (1991) recently studied the flow and

groundwater in fractured clay near Mexico City. They
publications pertaining to both aquifer recharge derived
claye aquitard and pore pressure respon:

behavior of the clay have assumed t
l porous medium without specific considerati
£

fractures.
y of the fractures
1e sand. Mechanisms

tivity and clay
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eptual models of the
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any cecntaminants for a specified period of time. They stated that while

soil liners must restrict flow within a 1lift and between 1lifts
(interlift flow), defects such as gracks , clods, channels, continuous
macropores , and incomplete bonding between lifts can significantly
affect the performance of a liner. If such defects are ignored, then
liners exhibit permeabilities that are much larger than expected based
on typical small scale permeameter tests. In a laboratory study they
found that the compaction process is inhomogeneous, and a single 1lift
exhibits differential compaction throughout its depth. The upper
portion of a lift is compacted, and continuum permeability descriptions
are adequate, while the lower portion still exhibits preferenti 1
regions. They also performed a field study through three 1lif
one-half meter thick (total thickness). Their dye study re

vertical and horizontal fracture traces and indicated that the
horizontal flow at interlifts far exceeded that of vertical flow

a dfEy They concluded that (1) hydraulic conductivity is the
important property in determining the thickness required in
(2) minimizing horizontal flow will improve the
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The objectives of the experiment are: (1) to develop a three-
dimensional model for low permeability soils that incorporates
facilitated interfacial transport and sorption-type interactions, (2) to
validate the model using conservative and non-conservative inorganic
and organic tracers and multi-level soil water sampling devices, and
(3) to quantify the transport mechanism(s) as a function of readily
observable physical parameters (grain size distribution, soil and water
chemistry, drying curve relationships, etc.). The field experiment is
being constructed at the University of Houston Coastal Center.

The Center is located upon the Beaumont formation, and the soils
are fine-grained clays that were deposited in a "backswamp" environment
behind natural levees of major rivers and distributaries. The soils of
the Beaumont formation were preconsolidated by desiccation when the
level of the Gulf of Mexico was about 100 meters lower than its present
level. This process is one of the mechanisms believed to cause fracture

co City clays.

networks in Mexi
The desiccation has produced a soil with fairly consistent values

consolidation pressure with depth, and has left the soil with a
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pattern of generally random and small fissures and slikensides, which
are partially healed. Like the Mexico City clays, there is little
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evi ce of major fracture networks.

The piezometric surface at the Center is located about
below the ground surface, so that soils are saturated. Free
encountered in thin seams of sand or silt at about 7 meters bel
surface. These thin seams will be used to to test the h
facilitated transport mechanism, as they form a geologic :
between clays, and are roughly equivalent to "poorly"™ bonded
1ifEs

Figure 2 shows the experimental conceptual design
interfacial transport hypothesis. A forced gradient i
maintain hydraulic control of the experiment. The interfacial
are located . thin the water bearing
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common pesticides when used in time of travel tracer tests (Sabatini and
Austin, 1991) and are chosen as surrogates for contaminants of interest.
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The current status of the experiment is: (1 ;
have two borings each to locate potential iﬁterfaces for the experiment.
(2) The fluorometric analytic procedure has been developed by the
H Il

Two of three sites

niversity of Houston Department of Pe)sciences who are collaborating on
this research. (3) An 8" by 36" laboratory column with multiple 1i
has been constructed and is awaiting media packing.
erconnected fracture network y]rau_lb simulator for
conditions has been constructed and is awaiting testing.
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Figure 1. Conceptual Soil Structure




Multi-Level Sampler
Injection Well O Array

——t
o

o (o]
Flow Direction
0 irect —o--\ o 0O
O

O

Pumping Well Array
O

O

Plan View of Experimental Monitoring
Network

I L L L L L Lot e

et e Ll --.--\..-.':-..q.':q..-.
et a .-

rdy

T T T

Bl S
ue

Yy
Pl el e
afﬁ.‘:ﬂ.‘:'.-x-'u R LR

Side Vicw of Experiment Showing
Multi-Level Samplers, and Interfacial
Transport of Tracer Slug

igure 2. Experiment Conceptual Design




Typical Soil Profile at Proposed Experiment Site

0 ft

51t

15 ft

Water bearing unit _.__...
17 ft

21 ft

Dark gray clay, with roots

Dark gray clay, grading to medium gray.

Medium gray clay with tan mottling.
Black staining.

Lt. gray to tan clay with red mottling.
Large (1.5") subrounded calcareous
nodules. Fe staining (?)

Very stiff red clay, mottled It. gray.

Stiff red clay, grading to tan, with some
silt.

Clayey tan/red silt. Visible grains that
appear to be silt aggregation.

Lt. gray clay, similar to It. gray above,
but with less mottling. Some balck
staining.

Profile based on logs of MW-1, MW-2,
MW-3. P-1. 1S-1. and IS-1B
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