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GEOSYNTHETIC COMPOSITE FOR
FILTRATION AND DRAINAGE OF
FINE-GRAINED GEOMATERIALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Ser. No.
13/788,258, filed Mar. 7, 2013, which is hereby incorporated
by reference in its entirety.

FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT
[0002] Not Applicable.
MICROFICHE/COPYRIGHT REFERENCE
[0003] Not Applicable.
FIELD OF THE INVENTION
[0004] The present invention is directed toward geocom-

posites, and more particularly toward geocomposites usable
in environments in which high content of fine-grained
geomaterials is present

BACKGROUND OF THE INVENTION

[0005] Effective filtration and drainage systems has
proven to be critical in geotechnical and geoenvironmental
engineering of fine-grained geomaterials, such as silts or
clays, coal combustion products (CCPs) including fly ash
and flue gas desulfurization (FGD) materials, and river or
sea dredged sediments, etc. For instance, coal combustion
products (CCPs) are regularly deposited in landfills which
require a leachate collection system beneath the CCPs waste
to provide sufficient drainage and reduce the hydraulic head
on top of water-barrier liners.

[0006] Leachate collection systems have generally con-
sisted of a drainage layer with in-plane lateral flow capacity,
and filter layer(s) which retain solid particles in order to
maintain soil structural stability while also allowing liquids
to pass. Geosynthetic drainage composites, consisting of a
drainage geonet core with heat-bonded nonwoven geotextile
filter(s), have been widely used for this purpose in many
geotechnical drainage applications including municipal
solid waste (MSW) landfill leachate collection.

[0007] The fabrics used in geotextile filters must therefore
have sufficiently large openings to allow the requisite flow
of liquid therethrough while at the same time having open-
ings which are sufficiently small to block the solid particles
from passing therethrough. Meeting such conflicting
requirements can be, and has been, difficult for systems in
which a very high content of fine-grained geomaterials is
present. Moreover, such fabrics can encounter serious fil-
tration problems such as fines’ migration (called “piping”)
or filter clogging.

[0008] Nonwoven fabrics have commonly been used as
geotextile filters. However, tensile strains on such nonwoven
fabrics can change the pore opening sizes over the life of the
product. Moreover, manufacture of nonwoven fabrics will
occasionally result in a fabric which has small light spots
with larger openings than other areas of the fabric, and such
spots will control the ultimate filtration performance of the
material. Woven fabrics have also been used as geotextile
filters. However, woven filters typically have only a limited
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number of the openings per unit area, and fines particles can
accumulate at any individual opening and block the water
flow (called “surface blinding™). In short, such geotextile
filters can encounter difficulty over their useful life, particu-
larly in environments where high contents of fine-grained
geomaterials are present.

[0009] As a result, it has been common in CCPs landfills
to utilize a leachate collection system made of the costly and
space-consuming granular materials (e.g., several feet of a
fine sand filtration layer plus an aggregate or well-graded
bottom ash drainage layer).

[0010] The present invention is directed toward providing
efficient and inexpensive filtration and drainage even in
environments in which high contents of fine-grained geo-
materials such as coal combustion product (CCPs) are
present.

SUMMARY OF THE INVENTION

[0011] In one aspect of the present invention, a geotextile
filter is provided for use with a geonet in a geotechnical
construction site, including a primary layer consisting of a
nonwoven fabric having an apparent opening size (AOS) at
least about 0.180 mm and a thickness greater than about 1.0
mm at 2 kPa normal load, and a secondary layer consisting
of'a woven fabric having about 2% to 20% open area and an
AOS between about 0.074 mm and 0.841 mm. The woven
fabric is adapted for connecting on one face to a geonet, and
the nonwoven fabric is connected to the opposite face of the
woven fabric by needle punching whereby fibers of the
nonwoven fabric are punched through the woven fabric to
extend beyond the woven fabric one face.

[0012] In one form of this aspect of the invention, the
woven fabric consists of woven high-modulus polymeric
filaments. In one further form, the filaments are monofila-
ments, and in another further form, the filaments are mul-
tifilament.

[0013] In another form of this aspect of the invention, the
nonwoven fabric has a cross-plane water flow rate of greater
than 3,000 liter/min/m?.

[0014] In still another form of this aspect of the invention,
the woven fabric has a cross-plane water flow rate between
about 500 and 8,000 liter/min/m>.

[0015] In yet another form of this aspect of the invention,
the nonwoven fabric and woven fabric when connected have
a combined permeability greater than 0.1 cm/sec.

[0016] In another aspect of the present invention, a geo-
composite is provided for use in a geotechnical construction
site, including a geonet and a geotextile. The geotextile has
a primary layer consisting of a nonwoven fabric having
upper and lower faces, and a secondary layer consisting of
awoven fabric having upper and lower faces. The nonwoven
fabric lower face is connected by needle-punching to the
woven fabric upper face whereby fibers of the nonwoven
fabric extend through the woven fabric and beyond the
woven fabric lower face, and the woven fabric lower face
and fibers of the nonwoven fabric extending through the
woven fabric lower face are bonded to one side of the
geonet.

[0017] In one form of this aspect of the invention, the
woven fabric comprises woven high-modulus polymeric
filaments.

[0018] In another form of this aspect of the invention, the
geonet includes a first and second plurality of substantially
incompressible parallel strands, the first plurality of strands
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being disposed on top of the second plurality of strands and
at an angle relative to the second plurality of strands
whereby the first and second plurality of strands are secured
to one another by connected areas at crossover locations, and
the woven fabric lower face and fibers of the nonwoven
fabric extending through the woven fabric lower face are
heat bonded to the first plurality of strands.

[0019] In still another form of this aspect of the invention,
the geonet strands are high density polyethylene (HDPE).

[0020] In yet another form of this aspect of the invention,
a second non-woven fabric is bonded to the other side of the
geonet.

[0021] In another form of this aspect of the invention, the
nonwoven fabric has a cross-plane water flow rate of greater
than 3,000 liter/min/m?.

[0022] In still another form of this aspect of the invention,
the woven fabric has a cross-plane water flow rate between
about 500 and 8,000 liter/min/m>.

[0023] In yet another form of this aspect of the invention,
the nonwoven fabric and woven fabric when connected have
a combined permeability greater than 0.1 cm/sec.

[0024] In still another aspect of the present invention, a
landfill includes alternating layers of fill and geocomposites,
the geocomposites each disposed adjacent to an overlying
layer of fill to facilitate draining of liquid from the landfill.
The geocomposites each include a geotextile bonded to the
upper side of a geonet having a plurality of connected
substantially longitudinal strands. The geotextile has a non-
woven fabric and a woven fabric, wherein the nonwoven
fabric lower face is connected by needle-punching to the
woven fabric upper face whereby fibers of the nonwoven
fabric extend through the woven fabric and beyond the
woven fabric lower face, and the woven fabric lower face
and fibers of the nonwoven fabric extending through the
woven fabric lower face are bonded to the geonet upper side
whereby the nonwoven fabric upper side is adjacent to the
overlying layer of fill.

[0025] In one form of this aspect of the invention, the
geonet strands include a first and second plurality of sub-
stantially incompressible parallel strands, with the first plu-
rality of strands being disposed on top of the second plurality
of strands and at an angle relative to the second plurality of
strands with the first and second plurality of strands secured
to one another by connected areas at crossover locations.
Also in this form of this aspect of the invention, the woven
fabric lower face and fibers of the nonwoven fabric extend-
ing through the woven fabric lower face are heat bonded to
the first plurality of strands.

[0026] In another form of this aspect of the invention, the
nonwoven fabric and woven fabric when connected have a
combined permeability of at least about 0.1 cm/sec and the
landfill permeability is no more than one tenth (Yi0) of the
combined permeability of the connected fabrics. In a further
form, the nonwoven fabric and woven fabric when con-
nected have an apparent opening size (AOS) less than about
0.106 mm.

[0027] In still another form of this aspect of the invention,
the nonwoven fabric has a cross-plane water flow rate of
greater than 3,000 liter/min/m?.

[0028] In yet another form of this aspect of the invention,
the woven fabric has a cross-plane water flow rate between
about 500 and 8,000 liter/min/m>.
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[0029] In another form of this aspect of the invention, the
nonwoven fabric and woven fabric when connected have a
combined permeability greater than 0.1 cm/sec.

[0030] In yet another aspect of the present invention, a
method of making a geocomposite is provided, including the
steps of (1) providing a woven fabric, (2) producing a
nonwoven fabric by needle punching fibers wherein the
woven fabric is located adjacent the nonwoven fabric being
produced whereby the needle punching pushes fibers of the
nonwoven fabric through the woven fabric to connect the
woven and nonwoven fabrics, (3) providing a geonet, and
(4) heat bonding the geonet to the connected woven and
nonwoven fabrics, wherein the geonet is bonded to the
woven fabric and the nonwoven fabric fibers pushed through
the woven fabric.

[0031] In one form of this aspect of the invention, the
provided woven fabric has about 2% to 20% open area and
an apparent opening size (AOS) between about 0.074 mm
and 0.841 mm, and the producing step produces a nonwoven
fabric having an apparent opening size (AOS) at least about
0.180 mm and a thickness greater than about 1.0 mm at 2
kPa normal load.

[0032] Other objects, features, and advantages of the
invention will become apparent from a review of the entire
specification, including the appended claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a perspective illustration of a geotextile
composite filter according to the present invention, with the
top nonwoven fabric layer separated at a corner from the
woven fabric layer to further illustrate a few fibers of the
nonwoven fabric which are needle punched through the
woven fabric;

[0034] FIG. 2 is a perspective view of a geocomposite
having geotextile composite filters according to FIG. 1
secured to the top and bottom of a geonet, with the top
geotextile composite filter separated from the geonet at a
corner to illustrate the various layers;

[0035] FIG. 3 is a side cross-sectional view of a geocom-
posite according to one embodiment of the present invention
having a geotextile composite filter only on the top side of
the geonet;

[0036] FIG. 4 is a side cross-sectional view of a geocom-
posite according to the FIG. 2 embodiment of the present
invention having a geotextile composite filter heat bonded to
both sides of the geonet;

[0037] FIG. 5 is a side cross-sectional view of a geocom-
posite according to still another embodiment of the present
invention having a geotextile composite filter secured to the
top side of the geonet and a nonwoven fabric secured to the
bottom side of the geonet; and

[0038] FIG. 6 is a side cross-sectional view of a landfill
having a plurality of layers separated by a plurality of
geocomposites according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0039] FIG. 1 illustrates a two-layer geotextile filter 10
having a primary filter layer 14 consisting of a nonwoven
fabric and a secondary filter layer 16 consisting of a woven
fabric. As described in further detail below, the two layers
14, 16 are needle-punched together to make an integral
two-layer geotextile filter 10 wherein fibers 20 of the non-
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woven fabric layer 14 project through the woven fabric layer
16 so as to form a fuzzy surface 24 on the side of the woven
fabric layer 16 opposite of the nonwoven fabric layer 14 (as
illustrated in FIGS. 1 and 2, only a few such fibers 20 are
highlighted for clarity of the drawing).

[0040] The nonwoven primary filter layer 14 may be
advantageously manufactured from needle-punching staple
fibers, with the denier of the fibers and size of the needle
selected to provide an opening size distribution that is
needed for the target application. Thus, in accordance with
the present invention, the primary filter layer 14 may advan-
tageously have an apparent opening size (AOS) equal or
greater than US sieve #80 (0.180 mm), a cross-plane water
flow rate of greater than 3,000 liter/min/m?, and additionally
the nonwoven primary filter layer 14 may have a minimum
thickness of greater than 1.0 mm at 2 kPa normal load. For
example, this primary filter layer 14 may advantageously be
a nonwoven needle-punched geotextile having 6 or 8 oz./yd>
mass per unit area, such geotextiles being available from
GSE Lining Technologies under the product trade names
NM6 and NWS8, respectively.

[0041] The secondary filter layer 16, consisting of a
woven fabric, is dimensionally stable and highly permeable.
Thus, the woven fabric of the secondary filter layer 16 may
be advantageously formed of woven filaments which are, for
example, high-modulus polymeric (e.g., polypropylene or
polyester) monofilament or multifilament yarns or slit film,
with an advantageous mass per unit area of the woven
geotextile of around 5.8 oz./yd®. Depending on the propet-
ties of the geomaterials expected in the environment where
the filter 10 is to be installed, the woven secondary filter
layer 16 may advantageously have a percent open area
(POA) from 2% to 20%, an apparent opening size (AOS)
from US Sieve #20 to #200 (0.074 mm and 0.841 mm), and
a cross-plane water flow rate from 500 to 8,000 liter/min/m?.
The grab tensile strength of the woven fabric of the second-
ary filter layer 16 may also advantageously be greater than
200 pounds and the grab tensile elongation less than 50%,
and should have sufficient hardiness to avoid being damaged
by the needle-punching process described in further detail
hereafter.

[0042] The nonwoven needle-punched layer 14 and a
woven layer 16 of the composite geotextile filter 10 are
mechanically bonded in a needle-punching process by
inserting the woven layer 16 directly into the production
process of the nonwoven fabric. The need-punching process
pushes nonwoven staple fibers 20 through the woven fabric
to create the “fuzzy” or fibrous surface 24 on the woven side
of the composite geotextile filter layer 10. The needle-
punched fibers 20 extending through the woven fabric of the
secondary filter layer 16 function to bind the nonwoven
fabric of the primary filter layer 14 to the woven fabric of the
secondary filter layer 16. The opening size of the geotextile
filter 10 is selected so as to work with needles in the
needle-punching process as well as lead to the desired pore
size for the finished product.

[0043] It should be appreciated that the design require-
ments for the geotextile properties of the filter layers 14, 16
vary according to the types of the fine-grained geomaterials
anticipated in the environment where the geocomposite 40 is
to be used. However, generally it is advantageous that the
woven and nonwoven fabrics when connected by needle-
punching provide an overall permeability greater than 0.1
cm/sec, and at least ten times higher than the adjacent
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geomaterials’ permeability. Further, the two-layer geotextile
filter 10 should have a typical apparent opening size (AOS)
less than 0.106 mm (US sieve #140) in order to efficiently
retain geomaterial particles finer than 0.075 mm.

[0044] As illustrated in FIG. 2, an advantageous geosyn-
thetic drainage composite (geocomposite) 40 according to
the present invention is made by heat-bonding the finished
two-layer geotextile filter of FIG. 1 to a suitable geonet 30
to form a geocomposite 40. Advantageously, the geonet 30
may, for example, have two sets of high density polyethyl-
ene (HOPE) strands 32, 34 that are extruded in a continuous
process to form and connected at cross-over points, such as
the drainage geonet disclosed in U.S. Pat. No. 7,470,094, the
disclosure of which is hereby fully incorporated by refer-
ence.

[0045] It should be appreciated that the fuzzy surface 24 of
the geotextile filter 10 also provides surface area to improve
the bonding strength of the geotextile filter 10 to the geonet
30 when they are heat-laminated together, such that a ply
adhesion of the finished geocomposite may advantageously
be greater than 0.5 Ibs/inch.

[0046] FIGS. 3-5 illustrate different geocomposites in
which the present invention has been incorporated. It should
be appreciated, as illustrated in these Figures, that a geo-
composite 40 according to the present invention may have
the two-layer geotextile filter 10 bonded (on the fuzzy size
24) to both sides of the geonet 30, or bonded to only one side
while having the other side of the geonet left unbounded, or
bonded to a regular nonwoven filter.

[0047] Specifically, in FIG. 3, a geocomposite 40' is illus-
trated in which a geotextile filter 10 such as illustrated in
FIG. 1 is heat bonded to the top of a suitable geonet 30, with
nothing bonded to the other (bottom) side of the geonet 30.
[0048] FIG. 4 illustrates the geocomposite 40 of FIG. 2,
wherein geotextile filters 10 such as illustrated in FIG. 1 are
heat bonded to both sides of the geonet 30, wherein the fuzzy
side 24 of both geotextile filters 10 are heat bonded to the
geonet 30. The nonwoven filter layer 14 of the composite
geotextile filter 10 faces the particulate or liquid substance
being filtered, which is typically located above the filter 10.
However, this geocomposite 40 having the composite geo-
textile filter 10 on both the top and bottom can be particu-
larly well suited for environments in which the substance
being filtered may not only flow down through the filter 10
from above but may also flow up from below the filter 10.
[0049] InFIG.5, a geocomposite 40" is illustrated wherein
the fuzzy side 24 of a geotextile filter 10 such as illustrated
in FIG. 1 is heat bonded to the top of the geonet 30, and a
suitable nonwoven fabric layer 50 is heat bonded to the
bottom of the geonet 30. Bonding of the geotextile filter 10,
geonet 30 and nonwoven fabric layer 50 may be suitably
achieved by passing the three components through a heated
wedge lamination process to form a monolithic drainage
geocomposite 40". This embodiment is particularly well
suited for use in sloped environments, wherein the nonwo-
ven fabric layer 50 will provide a friction surface which
facilitates maintaining the geocomposite 40" in place. In
environments in which the slopes are very mild (e.g., 2%),
a single-sided drainage geocomposite such as illustrated in
FIG. 3 may be used.

[0050] FIG. 6 illustrates, in cross-section, a landfill 70 in
which geocomposites 40 according to the present invention
may be advantageously used. As the landfill is made, a first
layer of geocomposites 40qa is laid down on the surface of
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the area on which the landfill 70 is being formed. In
accordance with the present invention, the geocomposite 40
is laid so that the nonwoven side of the primary filter layer
14 of the two-layer geotextile filter 10 faces up toward
geomaterials to be placed on top of the geocomposite 40. Of
course, the area being covered may be extremely large, and
therefore more than one section of geocomposite 40a will
typically be required to cover the entire area at each layer.
Fill 74a will then be placed on top of the geocomposite 40a
to a desired depth such as is known in the art, and then a
second layer of geocomposites 405 is then laid down on that
area. Further layers of fill 705-70e¢ and geocomposites
40c-40¢ are similarly added according to the design of the
landfill 70. As is known to those skilled in the art, geocom-
posites 40a-40e such as illustrated may be used to facilitate
fluid flow through the landfill 70. Moreover, other structures,
such as pumps and vertical and horizontal pipes, may also be
used in conjunction with such geocomposites 40a-40e to
intentionally circulate leachate through the landfill and
thereby facilitate stabilization of the landfill 70 so that it may
thereafter be returned to other productive uses more quickly.

[0051] Geocomposites 40 having geotextile filters 10 such
as described herein may be advantageously used particularly
in large landfills where they are subjected to high pressures
over long periods of time. In particular, geocomposites 40
having geotextile filters 10 in accordance with the present
invention maybe be advantageously used in environments
requiring filtration of various types of fine-grained geoma-
terials, that is, requiring efficient retention of fines particles
while also providing a high cross-plane permeability to
allow liquids to pass through freely. However, it should
further be understood that geocomposites 40 according to
the present invention, though advantageously usable in
geotechnical construction sites such as landfills 70 as
described above, may also be advantageously usable in a
wide variety of geotechnical construction sites, including
not only common horizontal orientations facilitating drain-
age over a site but also vertical orientations such as in
mechanically stabilized earth walls.

[0052] Additionally, whereas traditional nonwoven
needle-punched geotextiles have been stretched in order to
achieve the desired mechanical properties, little or no
stretching is necessary with the nonwoven fabric of the
primary filter layer 14 of the present invention as the woven
fabric of the secondary filter layer 14 provides the desired
mechanical properties of a compact and uniform mat
obtained with the desired opening size.

[0053] Further, since the woven fabrics have a much
broader range of hydraulic, physical, and mechanical prop-
erties than that of nonwoven ones, the primary filter layer 14
can provide great design flexibility by allowing creation of
a pore structure which achieves satisfactory long-term pip-
ing and clogging resistance against a broad variety of
fine-grained geomaterials.

[0054] Still further, whereas production of nonwoven geo-
textiles usually produces some small “light spots with larg-
est openings” (which will control the ultimate filtration
performance of this material), use of the nonwoven fabric in
conjunction with a woven fabric (which can provide more
reliably consistent pore structure or opening size distribu-
tion) can overcome that drawback. That is, the woven fabric
of the secondary filter layer 16 with properly selected POA
and AOS function to essentially fix nonwoven “light spots”
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and thereby prevent large amount of fines from piping
through any small areas of the nonwoven fabric having
relatively large openings.

[0055] Additionally, the high tensile modulus which may
be provided by the woven fabric of the secondary filter layer
16 helps maintain a stable structure in the finished two-layer
filter 10, as it decreases the strains exerted on the nonwoven
fabric of the primary filter layer 14 and, therefore, prevents
possible adverse changes in its pore opening size distribu-
tion.

[0056] Further, the combination of the woven and nonwo-
ven fabrics in the geotextile filter 10 can advantageously
avoid the previously mentioned problem of “surface blind-
ing” (resulting from fine particles accumulating at, and
blocking, individual ones of the limited openings in the
woven fabric), as the random fiber structure of the nonwo-
ven fabric of the primary filter layer 14 creates a relatively
thick cushion layer to avoid such woven “surface blinding”
issues.

[0057] Still other aspects, objects, and advantages of the
present invention can be obtained from a study of the
specification, the drawings, and the appended claims. It
should be understood, however, that the present invention
could be used in alternate forms where less than all of the
objects and advantages of the present invention and pre-
ferred embodiment as described above would be obtained.

1. A geotechnical layer for use in a geotechnical project
site, comprising:
(a) a geotextile for cross-plane filtering of fine particles
from a fluid comprising:

a primary layer consisting of a first nonwoven fabric with
opposite faces and adapted to initially filter fluid having
fine particles, and

a secondary layer consisting of a first woven fabric with
opposite faces and adapted to secondarily filter par-
ticles not filtered from the fluid by the first nonwoven
fabric of the primary layer,

wherein one of the opposite faces of said first nonwoven
fabric is directly against one of the opposite faces of
said first woven fabric, said first nonwoven fabric
connected to said first woven fabric by needle punching
whereby fibers of said first nonwoven fabric are
punched into said first woven fabric to extend through
said one opposite face of said first woven fabric; and

(b) a drainage medium for in-plane flow of the fluid
directly against the other of the opposite faces of the
first woven fabric.

2. The geotechnical layer of claim 1 wherein said geo-
technical layer is a geocomposite and said drainage medium
is a geonet.

3. The geotechnical layer of claim 1, wherein said first
woven fabric comprises woven high-modulus polymeric
filaments.

4. The geotechnical layer of claim 3, wherein said fila-
ments are monofilaments.

5. The geotechnical layer of claim 3, wherein said fila-
ments are multifilament.

6. The geotechnical layer of claim 1, wherein said first
nonwoven fabric has a cross-plane water flow rate of greater
than 3,000 liter/min/m?.



US 2017/0120175 Al

7. The geotechnical layer of claim 1, wherein said first
woven fabric has a cross-plane water flow rate between
about 500 and 8,000 liter/min/m>.

8. The geotechnical layer of claim 1, wherein said first
nonwoven fabric has an apparent opening size (AOS) at
least about 0.180 mm and a thickness greater than about 1.0
mm at 2 kPa normal load.

9. The geotechnical layer of claim 1, wherein said first
woven fabric has about 2% to 20% open area and an AOS
between about 0.074 mm and 0.841 mm.

10. The geotechnical layer of claim 1, wherein said first
nonwoven fabric and first woven fabric when connected
have an apparent opening size (AOS) less than about 0.106
mm and a combined permeability greater than 0.1 cm/sec.

11. A landfill including a substantially horizontal geotech-
nical layer according to claim 1 between layers of fill to
facilitate draining of fluid from at least one layer of fill.

12. The landfill of claim 11, wherein said geotextile is on
one side of said drainage media and further comprising a
second nonwoven fabric on the other side of said drainage
media.

13. The landfill of claim 12, wherein said geotextile is
above said drainage media.

14. The landfill of claim 11, wherein said at least one layer
of fill is directly against said first nonwoven fabric.

15. A geotechnical project site, comprising a plurality of
alternating layers of:
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fill; and
substantially horizontal geotechnical layers, each of said
geotechnical layers including

(a) a geotextile for cross-plane filtering of fine particles
from a fluid comprising:

a primary layer consisting of a first nonwoven fabric with
opposite faces and adapted to initially filter fluid having
fine particles, and

a secondary layer consisting of a first woven fabric with
opposite faces and adapted to secondarily filter par-
ticles not filtered from the fluid by the first nonwoven
fabric of the primary layer,

wherein one of the opposite faces of said first nonwoven
fabric is directly against one of the opposite faces of
said first woven fabric, said first nonwoven fabric
connected to said first woven fabric by needle punching
whereby fibers of said first nonwoven fabric are
punched into said first woven fabric to extend through
said one opposite face of said first woven fabric; and

(b) a drainage medium for in-plane flow of the fluid
directly against the other of the opposite faces of the
first woven fabric.

16. The geotechnical project site of claim 15, wherein said
geotextile is on one side of said drainage media and further
comprising a second nonwoven fabric on the other side of
said drainage media.

17. The geotechnical project site of claim 16, wherein in
each geotechnical layer said geotextile is above said drain-
age media and said second nonwoven fabric is beneath said
drainage media.



