Because they resist attack
from various chemicals,
Geosynthetics are
becoming useful tools in
cleaning up
environmental disasters.

GREGORY RICHARDSON
JOHN A. BOVE

GEOSYNTHETICS
CLEANUP TOOLS

dd geosynthetics to the

arsenal of weapons that

can be used to clean up

the environment. Their

use in liners and drain-
age systems has become standard
in constructing new landfills, and
now their qualities of chemical re-
sistance, durability and cost effec-
tiveness are also being put to work
in environmental remediation
projects.
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Burning pond had been poliuted with diesel fuel.

Just how cost effective it is to de-
sign for geosynthetics can be an-
swered by three projects under-
taken by Soil & Material Engi-
neers, which began several years
ago to extend the application of
geosynthetics in environmental re-
mediation projects. In construct-
ing dredge containment dikes over
very soft sediments, the late Allan
Halliburton proved that a geotex-
tile could provide sufficient rein-
forcement to support the fill. The
reinforcement function of the geo-

textile, he found, is short lived be-
cause the weight of the fill soon
consolidates the sediments, in-
creasing their shear strength and
leading to an equilibrium indepen-
dent of the geotextile.

One of our first environmental
geotextile applications was for a
soil cap placed on a pond filled
with organic mucks. The pond
contained significant amounts of
diesel fuel spilled from an adjacent
truckstop. On two occasions, the
fuel had been burned off by set-
ting fire to the pond. Diesel fuel
concentrations in the muck and
patially decayed organic matter ex-
ceeded 1,000 mg/kg. The Ohio
EPA, the landowner and the client
agreed that the contaminated de-
posits should be removed and the
pond closed.

Removal began with drainage
with pumps, rerouting recharge
waters into the pond, and lowering
the spillway to prevent the water
from rising to its original level. To
excavate the sediments without
damaging surrounding trees, we
built an earth ramp and work pad
at the south end of the pond. From
the pad, a backhoe removed the
contaminated muck and replaced it
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Covering a geotextile with sand dewatered remaining muck after pollutants were removed from pond.

with fresh soil obtained at a local
construction site.

As the soil was dumped in, it ex-
tended the work pad and displaced
the soft bottom sediment away
from the edge. This left the pond
effectively divided in two by the
pad when the final contaminated
sediment had been removed, with
both halves filled with soft bottom
sediments.

The north pond measured 100

by 100 ft and averaged 15 ft deep,
while the south pond was 83 by
180 ft and about 25 ft deep. Each
- was filled with sediments contain-
ing as much as 88% water by
weight. Because of the high water
content, the muck could not be re-
moved to a landfill or left in situ
without treatment.

The options were to solidify the
remaining muck and remove it to
a landfill, or to use geotextiles to
stabilize and consolidate it in situ.
The geotextile approach cost
- $198,000, about $300,000 less than
removal estimates.

The basic concept was to place
all the muck in the south pond,
cover it with a geotextile and then
with soil. The weight of the soil
cover would consolidate and thus

dewater the muck via drainage
channels. The geotextile selected
had a burst strength of 585 Ib/sq
in and was seamed into a single
panel by the manufacturer, Car-
thage Mills.

The south pond was prepared by
grading the banks to the level of
the muck and digging two trenches
to anchor the fabric. Once it was
stretched into place, the geotextile
was covered at three edges by end-
dumped soil and at the fourth edge
by a 1 ft layer of sand. Covered
with 2 ft of soil, the sand would
provide drainage for the water to
be squeezed from the muck.

Having anchored the geotextile
around the perimeter of the pond,
we placed more sand in drainage
paths in a 1 ft deep, 5 ft strip
around the ever decreasing perim-
eter. Finally, a 2 ft layer of cover
soil over the sand provided weight
for consolidation and cover for
closure.

The pond encapsulation was
completed in 1983. Since then, we
have observed significant amounts
of water seeping from the sand
drain. The cover remains intact
despite significant settlement and
vegetation.

GARBAGE MOUNTAIN

The “mountains” adjacent to the
New Jersey Turnpike near Newark
are tips of the municipal waste
landfills now being closed by the
Hackensack Meadowlands Devel-
opment Commission. They are as
high as 130 ft with side slopes as
steep as 1.7:1.

The conventional closure would
be a 1 ft cover of clay spread over
nearly 2,500 acres of landfill cap,
but the clay would have to be
trucked in from sources as far as
100 miles away. The problem
brought to us by manufacturer J.P.
Stevens was to develop a mem-
brane that would reduce the need
for a clay layer. It would have to
provide a stable base for cover soils
and a vegetative cover.

Available membranes were too
slippery to hold cover soils at steep
angles. Past attempts to roughen
their surfaces had reduced tensile
and puncture strength. This would
not be tolerable because the land-
fill surfaces contain exposed rub-
ble, rebar and other projections
that readily penetrate most syn-
thetic membranes.

Working with Stevens engineers,
we developed a geosynthetic com-
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of a steel mill’s slag heaps.

Geotextile reinforces a double face earth wall to keep the Ohio River out

posite formed of a Hypalon mem-
brane with a lightweight non-
woven fabric bonded to either one
or both faces. Puncture resistance
increased from 101 lbs for the
membrane alone to 136 lbs with
one face bonded, and 214 lbs when
both faces were bonded. The fric-
tion angle between the membrane
and available sandy soils increased
from 25 deg. to more than 36 deg.
During the fall of 1987, a 300 ft
square test cover was constructed
by placing the bonded membrane
on the devegetated landfill surface
topped by 1 ft of soil. Sliding sta-
bility calculations indicated that a
wide range of soil covers would be
stable at slopes less than 2:1. In
addition, this design included a
synthetic drainage composite
bonded to the membrane to pre-
vent development of pore pres-
sures that would induce sliding.
This is the same material manufac-
tured by Monsanto for use as lat-
eral drains adjacent to highways.
The test membranes were fabri-
cated in 20 ft wide sheets about
300 ft long. The panels were placed
down the slope, overlapped about
12 in. The seams were not made
watertight because an ongoing gas
mining operation required some
water infiltration to continue
methane generation within the
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mountain. Access to the base of
the slope was limited by a drainage
canal located there, so the cover
soil was placed by end-dumping on
top of the cap and then pushing
this material down the slope with
a bulldozer. The available cover
soil was clayey and rich in both or-
ganics and debris. The bonded
membrane did resist excessive
puncture damage. The test is still
underway, and the installation has
successfully survived hurricane
rains.

Using the bonded membrane in
place of imported clay did not save
money in this test, but it did
shorten construction time. Unit
costs for the prototype membrane
were high because of the small yar-
dage required, but we expect that
increased production and market
competition will reduce the unit
costs for similar applications and
result in significant cost savings
over clay.

HOLD BACK THE FLOODS

Ohio River floodwaters do more
than damage structures. They pen-
etrate slag heaps at a major steel
mill and carry the leachate down
stream to cause serious environ-
mental problems. Under orders
from both the Kentucky EPA and
Region 4 EPA, the steel mill must

construct flood walls to keep river
flooding away from the slag.

Construction of conventional
flood walls would be complicated
by soft deposits within the river
bank. Deep excavations would be
very costly and require moving
large volumes of slag.

We had solved a similar flooding
problem at a shopping center in
Kentucky in 1985, where estimates
for a conventional 3,800 ft sheet

P

pile dike were about $1.4 million’

while a geotextile dike was actually
built for less than $500,000. A re-
view of conditions at both sites in-
dicated the potential for similar
savings at the steel mill. The major
difference would be the extensive
review such a project would
undergo at both state and Region
4 EPA offices.

The dike is designed to allow
flood waters to saturate the granu-
lar fill within the geotextile rein-
forced dike without causing it to
fail. The dike wall is double faced
fabric reinforced earth wall. The
river face will be covered by a
thick nonwoven geotextile for pro-
tection from ultraviolet rays and
punctures. The surface will, how-
ever, require an annual inspection
and periodic refreshing. The fabric
face has a tensile strength of 7,000
Ib/ft to protect against impact by
debris, and was actually preferred
to a concrete face because of its in-
herent ductility.

A hydraulic barrier to flood wa-
ters will be provided by a mem-
brane attached to the backwall of
the dike and keyed into the clayey
soils underlying the wall. The
membrane itself is protected by a
12 oz/sq yd nonwoven fabric
draped over it. Both the mem-
brane and fabric cover will be an-
chored to the top of the wall by a
simple friction connection. A
wedge of steel slag will be placed
against the membrane-fabric drape
to prevent hydrostatic forces of
floodwaters from displacing the
membrane.

This design was approved by
both Kentucky and Region 4 EPA
offices, and is under construction.

Gregory N. Richardson is a corporate
consultant with Soil & Material Engi-
neers, Inc., Raleigh, N.C. and John A
Bowe is manager of the firm’s geosynthet
ics department in Cincinnati, Ohio. Both
serve on ASTM Committee D-35 Geosyn:
thetics, which Bove chairs.



