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(57) ABSTRACT

A tufted geotextile for covering and closing land surfaces
with shear resistance to hydraulic and dry-flow displacement
of infill, having a backing sheet tufted with first yarns to
form a plurality of first tufts that extend a first length as
simulated grass blades and tufted with second yarns different
from the first yarn for a plurality of second tufts extend a
second length as simulated understory grass blades, said
second tufts having distal ends that splay to form nexts of
discrete fibers extending into interstices between the first
and second tufts, and an infill received within the interstices,
which next restrict hydraulic and dry-flow displacement of
the infill. A method of tufting a geotextile for understory
tufts and nests is disclosed. A method of covering outdoor
land sites for increased resistance to high shear hydraulic
and dry-flow events is disclosed.
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TUFTED GEOTEXTILE WITH
UNDERSTORY FOR SHEAR RESISTANCE
TO HYDRAULIC AND DRY-FLOW INFILL

DISPLACEMENT

TECHNICAL FIELD

[0001] The present invention relates to tufted geotextile
sheets for land site covers and closure systems. More
particularly, the present invention relates to tufted geotextile
sheets having shear resistance against infill displacement
from hydraulic and dry-flow shear forces with backings
tufted with alternating first tufts defining a tuft extent and
second tufts defining an understory for infill stabilization
and resistance to displacement of infill received in the
interstices among the tufts.

[0002] In this application, the following terms will be
understood to have the indicated definitions:

[0003] waste sites—refers to earthen berms and to sites
where waste is deposited, such as landfills, phosphogypsum
stacks, environmentally impacted land, leach pads, mining
spoils and environmental closures or material stockpiles that
require a closure or cover system,

[0004] synthetic grass—refers to a composite of at least
one geotextile (woven or nonwoven) tufted or knitted with
one or more synthetic yarns or strands that has the appear-
ance of grass;

[0005] geomembrane—refers to a conventional structured
or textured polymeric material, such as high-density poly-
ethylene, very low-density polyethylene, linear low-density
polyethylene, polyvinyl chloride, etc, provided as an imper-
meable sheet for liner purposes in the waste site and land site
industry.

BACKGROUND OF THE INVENTION

[0006] Large area land sites occupied for use as waste
sites, landfills, stockpiles, and power plant disposal fields
remain open typically for a number of years for receiving
waste materials, mining spoils or power plant wastes and
ash, landfill trash and municipal solids and liquids wastes.
Waste sites typically have steep slopes rising from a toe or
base to an upper elevated apex or peak. The elevation over
time with deposits of fill materials may typically reach
several hundred feet above the toe. While steep slopes allow
increased storage volume, steep slopes experience signifi-
cantly high shear forces. These forces occur in response to
the fill materials loaded in within a vertical portion of the
area allocated for the landfill and also arise from precipita-
tion and water flow such as from rain fall on the waste site
that generates high volumes of water flowing downwardly to
the toe. Steep slopes often experience large and rapid
run-off. Upon reaching an appropriate capacity for the
particular site, the site is closed to receiving additional waste
materials. In the interim, however, filled portions of large
area land sites may gainfully use a covering to reduce or,
with an impermeable component in a covering system to
block, water inflow into the land site and to reduce distur-
bances of the in-fill materials pending closure. Some such
temporary coverings may require ten or more years expected
longevity. Such covering may also be gainfully applied for
long term final covering systems.

[0007] The structure of landfills and waste sites are subject
to environmental regulations for construction, operation,
and closing after design capacity is reached. Construction
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regulations routinely require lining of a base of landfill with
an impermeable geomembrane liner. The liner restricts flow
of water and contaminates from the fill material and pre-
cipitation into ground water below the landfill. Rather, water
is channeled to a treatment facility prior to discharge. The
geomembrane however may slip or move in response to
shear forces, and slippage may cause damage to the
geomembrane as well as site failure and avalanche-type
sliding collapse of the fill material. Such failure and damage
incur significant cost to remedy particular if the failure
causes openings in the liner which then must be replaced in
order to maintain impermeability.

[0008] Land site filling operations typically involve
depositing waste materials in specific laydown areas. The
deposited waste materials are often covered with a soil layer
to form a cell. Adjacent cells are formed with subsequently
deposited waste materials. Closure of the site upon reaching
design capacity involves overlaying a covering of sealing
materials on exposed surfaces of the landfill. Notwithstand-
ing closure, the land sites have ongoing costs including
monitoring for leaching of wastes and contaminates into
water systems and streams, collection, and discharge of
gases from the waste site, and periodic maintenance to
maintain the closure covering. Previous efforts to close such
sites involved overlaying the site with an earthen soil layer.
High water flow, however, erodes soil covering, and veg-
etation providing resistance to erosion, requires cutting and
growth control. Further, high water flow may require instal-
lation of benches around the perimeter of the side spaced, for
example, typically at 100 feet to 150 feet intervals, to
minimize soil erosion. The benches are substantially leveled
broad interruptions or steps in the slope and extend along a
contour. The bench typically includes a guttering system, or
down chutes, for receiving water flow from the slope and
channel the water to a catch basin for storage, treatment if
any, and discharge to a water system or waterway. The bench
may also provide a roadway for vehicles to move along the
sloped ground.

[0009] In recent years, large area sites are closed with
covering formed with elongated sheets of an impermeable
geomembrane. The geomembrane seals the site from inflow
of wind and water such as from rain and snow, and thereby
prevents wastes and contaminates from infiltration into
streams and ground water. The membranes often must be
secured with anchors and trench systems to resist wind
uplift. However, it is disfavored to use anchors that pierce
the geomembrane to prevent openings that may allow water
flow into the underlying fill materials in the waste site.
[0010] To provide aesthetics and water flow control, tufted
geotextiles have been overlaid on exposed membranes. Our
prior U.S. Pat. No. 8,403,597 discloses a cover system for
waste sites effective in resisting wind uplift and remaining
in-place with frictional contact between the geomembrane
and the geotextile. The tufted geotextile provides a field of
synthetic grasses with short blades extending from the
geotextile backing sheet. In such installations, granular
material infill may fill interstices of the tufts. The granular
material assists with loading to resist wind uplift, filters
water flowing through the geotextile into a synthetic drain-
age on the geomembrane, and assisting with reducing expo-
sure of the geotextile to UV and deterioration.

[0011] While meeting closure system needs in the indus-
try, there are opportunities for reduced costs in materials and
maintenance while increasing longevity of the installed
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cover. The water flow creates hydraulic shear loading and
may cause the granular infill material to be displaced and
move, and thus require periodic maintenance to replace infill
in areas that the infill has thinned. There are alternatives that
reduce infill movement (i.e., increase infill shear resistance).
While these have benefits as to maintenance for installed
systems, increased tuft gauge and reduced tuft blade lengths
have the countering drawbacks of reduced friction resistance
of the tufted geotextile and geomembrane that restricts
applications to less steeply sloped installations.

[0012] Further, the changes increase UV exposure and
lead to degradation of the backing sheet of the tufted
geotextile covering, and thus reduce the operational life for
a tufted geotextile cover or a closure system for waste sites.
[0013] The need for benches also incurs installation and
maintenance costs. The cover systems also typically involve
the use of motor vehicles over the installed cover system for
inspection and maintenance purposes. The overlaid tufted
geotextile/geomembrane system thus preferably accommo-
dates use of motor vehicles while resisting cutting and
trenching and damaging the frictional interface that retains
the geotextile overlaid on slopes of the covered landfill.
[0014] Accordingly, there is a need in the art for a tufted
geotextile having shear resistance against hydraulic and dry
flow infill displacement for stabilizing the infill from dis-
placement. It is to such that the present invention is directed.

SUMMARY OF THE INVENTION

[0015] The present invention meets the need in the art by
providing a tufted geotextile for use with covering and
closing waste sites and land surfaces. The tufted geotextile
comprises at least one backing sheet tufted with first yarns
for a plurality of first tufts that extend a first length from the
backing sheet as simulated grass blades and formed in
spaced-apart first lines of tufts and tufted of second yarns for
a plurality of second tufts in spaced-apart second lines of the
second tufts alternating with the first line of the first tufts,
said first tufts and second tufts defining interstices therebe-
tween for receiving an infill, said second tufts extend a
second length from the backing, which second length is less
than the first length, each second tuft having a plurality of
discrete fibers that extend outwardly from the second tufts as
an understory into the interstices for restricting hydraulic
and dry-flow displacement of an infill received in the
interstices between the adjacent alternating first tufts and
second tufts.

[0016] The tufted geotextile readily overlies a ground
surface for covering purposes as well as installs as a com-
ponent in a closure system having a geomembrane for
restricting inflow of ambient water into the covered ground.
[0017] The first yarn and second yarn tuft on a spacing
gauge in a range of about 20 tufts per foot to about 50 tufts
per foot and lines spaced about %4 inch apart to %4 inch apart.
[0018] The first yarn comprises a filament yarn made of
one or more continuous strands.

[0019] The second yarn comprises a ply yarns are made of
a plurality of strands of staple fiber yarns twisted together.
The strands of staple yarns are threadlike elongate fibers
having a high length-to-diameter ratio and perimeter por-
tions extend as slender thread-like filaments.

[0020] In another aspect, the present invention provides a
tufted geotextile for use with covering and closing waste
sites and land surfaces, comprising at least one backing sheet
tufted with first yarns to form a plurality of first tufts that
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extend a first length from the backing sheet as simulated
grass blades, said tufting formed in spaced-apart first lines of
first tufts and tufted with second yarns for a plurality of
second tufts in spaced-apart second lines of the second tufts,
said second lines of the second tufts alternating with said
first lines of the first tufts, said first tufts and second tufts
defining interstices therebetween for receiving an infill, said
second tufts extend a second length from the backing, which
second length is less than the first length, each second tuft
having a plurality of discrete fibers that extend outwardly
from the second tufts as an understory into the interstices for
restricting hydraulic and dry-flow displacement of an infill
received in the interstices between the adjacent alternating
first tufts and second tufts.

[0021] In another aspect, the present invention provides a
method for tufting a geotextile for an understory of nest-
ended tufts in a tufted geotextile for use with covering and
closing waste sites and land surfaces, comprising the steps
of:

[0022] (a)tufting a backing sheet with a first tuft motion
(1) with a plurality of first yarns to define a plurality of
respective in-tuft process first tufts in first spaced-apart
relation for forming a line of in-tuft process first tufts,
said first yarns each comprises a filament yarn made of
one or more continuous strands, and (ii) with a plurality
of second yarns to define a plurality of respective
in-tuft process second tufts in second spaced-apart
relation for forming a line of said in-tuft process second
tufts, said line of said in-tuft process second tufts
spaced from said line of said in-tuft process first tufts,
said second yarns each comprises a ply yarn made of a
plurality of strands of staple fiber yarns twisted
together;

[0023] (b) cutting at a first length relative to the backing
sheet (i) the in-tuft process first tufts to form a plurality
of first tufts and (ii) the in-tuft process second tufts to
form a plurality of second tufts, said first tufts extend-
ing said first length to a respective distal end as
simulated grass blades;

[0024] (c) said in-tuft process second tufts upon cutting
retracting from said first length to a second length
relative to the backing sheet to form a plurality of
second tufts extending to a respective distal end as
simulated grass blades;

[0025] (d) said respective distal ends of said second
tufts forming nests of the one or more strands of staple
fiber yarns for defining an understory extent below the
distal extent of said plurality of first tufts;

[0026] said plurality of first tufts and of said second
tufts defining interstices therebetween for receiving an
infill,

[0027] whereby said nested second tufts for restricting
hydraulic and dry-flow displacement of an infill
received in the interstices between the adjacent alter-
nating first tufts and second tufts.

[0028] Further, the method for tufting a geotextile, with
attaching a geomembrane to a bottom surface of the backing
sheet for restricting inflow of ambient water into the ground
covered by the tufted geotextile.

[0029] Further, the method for tufting a geotextile,
wherein the first yarns and the second yarns tuft on a spacing
gauge in a range of about 20 tufts per foot to about 50 tufts
per foot.
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[0030] Further, the method for tufting a geotextile,
wherein the lines of first tufts and the lines of second tufts
are spaced about %4 inch apart to ¥4 inch apart.

[0031] Further, the method for tufting a geotextile, form-
ing said nests of the one or more strands of staple fiber yarns
comprises the distal end fraying into discrete fibers that
splay laterally into the interstices.

[0032] Further, the method for tufting a geotextile,
wherein the second yarns are held during formation of the
in-tuft process second tufts for elongating said second yarns
prior to cutting.

[0033] In another aspect, the present invention provides a
method of covering outdoor land sites for increased resis-
tance to high shear events, comprising the steps of:

[0034] (a) overlying a surface with a tufted geotextile
comprising a backing sheet tufted with alternating rows
of a plurality of spaced-apart first tufts tufted with a first
yarn and of a plurality of spaced-apart second tufts
tufted with a second yarn different from the first yarn,
said first and second tufts defining interstices therebe-
tween, said first tufts extending a first length from the
backing sheet as simulated blades of grass and said
second tufts extending a second length to a respective
distal extent less than the first length from the backing
sheet, said respective distal extent of each second tuft
defining a nest of splayed discrete fibers that extend
into the interstices; and

[0035] (b) applying an infill into the interstices between
the backing sheet and proximate the distal extent of the
second tufts, whereby the nest of splayed discrete fibers
provides a blocking impediment to displacement of the
infill during high shear loading from flow of ambient
water or flow of ambient wind over the tufted geotex-
tile.

[0036] Further, the method of covering outdoor land sites,
wherein the first yarn comprises a filament yarn and said
second yarn comprises a ply yarn made of a plurality of
strands of staple fiber yarns twisted together.

[0037] Further, the method of covering outdoor land sites,
overlaying the land site with a geomembrane to restrict
inflow of ambient water into the ground through the ground
cover.

[0038] Objects, advantages, and features of the present
invention will become readily apparent upon a reading of the
following detailed description in reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 illustrates in perspective view a side view of
a tufted geotextile in accordance with the present invention.
[0040] FIG. 2 illustrates in top plan view a portion of a
tufted textile illustrated in FIG. 1.

[0041] FIG. 3 illustrates an elevational view of the tufted
geotextile illustrated in FIG. 1 during a tufting process.
[0042] FIG. 4 illustrates an elevation view of the tufted
geotextile illustrated in FIG. 1 during a tufting process.
[0043] FIG. 5 illustrates in exploded view a tufted geo-
textile illustrated in FIG. 1 overlaid on a geomembrane for
covering a ground surface.

DETAILED DESCRIPTION

[0044] With reference to the drawings, in which like parts
have like identifiers, FIG. 1 illustrates in side elevational
view a tufted geotextile 20 in accordance with the present
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invention. The tufted geotextile 20 comprises at least one
backing sheet 22 tufted with a first yarn for a plurality of first
tufts 24 and a second yarn for a plurality of second tufts 26.
The first tufts 24 are spaced-apart on a spacing gauge 25 for
a first row 28 and the second tufts 26 are spaced-apart on the
gauge in an adjacent second row 30, the first row and the
second row alternating in the tufted backing sheet 22 for a
selected longitudinal length. The spaced-apart first tufts 24
and second tufts 26 define interstices 32 therebetween for
receiving an infill 34. The first tufts 24 extend a first length
from the backing sheet 22 as simulated grass blades to a free
distal extent 40 defining a tuft height 42 for the tufted
geotextile. Each of the second tufts 26 have a plurality of
filaments or threads 46 extending as a nest generally 48
proximate an upper end portion as well as threads 50
extending bristly outwardly from the tuft along its longitu-
dinal length. Generally, the filaments or threads 46 extend-
ing outwardly proximate the upper extent of the tuft define
the nest 48 as an understory collection of the threads that
occupy portions of the proximate interstices 43 lower than
the height 42 of the first tufts 24. An upper extent 52 of the
nested tuft 26 has a second height relative to the backing
sheet to define an understory, which second height is less
than the first height.

[0045] The plurality of projecting discrete threadlike elon-
gate filaments 46 and 50 extending outwardly from the
second tuft into the proximate interstices 32 as a space-
occupying members of the nest 48. The nest 48 of the
discrete filaments 46, 50 restrictingly occupy portions of the
interstices 32 and narrow an effective gap 51 between the
tufts 24, 26. With the gauge 25 of 14 inch for the rows 28 and
for the rows 30, the row 30 is positioned %4 inch from the
adjacent rows 28. The narrowed gap 51 at least partially
occupied with the bristly nest 48 and filaments 46, 50
restricts displacement of the infill 34 laterally in the inter-
stices through the tufted geosynthetic in response to loading
forces such as hydraulic flow from ambient water or wind
blowing over the tufted geotextile. A portion of the tufted
geosynthetic is illustrated in top plan view in FIG. 2. The
interstices 32 form water flow passages 60 through the and
about the tufts 24, 26. The water may flow at high velocities
due to placement of the tufted geotextile 20 for ground
covering purposed on sloping ground. High shear forces on
the tufted geotextile 20 cause the infill to displace, such as
dry flow of the infill under wind force loading or flow with
water velocity moving across the tufted geosynthetic. The
nest 48 of extending fibers or filaments 46, 50 creates
diverters, impediments, and blocks in the water flow pas-
sages 60. The fibers or filaments 46, 50 are restricted to the
occupying presence in the interstices 32 proximate the
respective originating tuft 24 which secures in engagement
to the backing sheet 22. The diversion of the occupying
fibers or filaments 46, 50 in the interstices blocks and
restricts displacement flow of infill and slow the movement-
inducing ambient water or wind flow thorough the tufts 24,
26 of the tufted geomembrane 20. The water flow passages
become serpentine 62 rather than forcibly direct.

[0046] The first yarn 24 and the second yarn 26 are of
different types. The yarns are selected for the differing
structural requirements for the tufted geosynthetic 20 in
accordance with the present invention for simulated grass
blades and for the intertangled nest 48 as the understory. The
first yarn 24 comprises a continuous filament yarn, prefer-
ably flat, alternatively slit, but may be textured for simulat-
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ing grass blades, and made from polyethylene, polypropyl-
ene, or other suitable polymer. The second yarn comprises a
thatched or spun yarn that, while continuous for tufting
purposes, forms of a plurality of discrete staple fibers twisted
together as a bulk yarn, twisted yarn, or thatched yarn. The
staple fibers are discontinuous and of differing lengths.
Longitudinal perimeter portions of the twisted yarn may
exhibit the distal ends of the staple fibers extending out-
wardly as short stubby or bristly threads. The staple fibers
preferably have a resiliency or elasticity for returning to a
relaxed relation if the strand is stretched or extended.
[0047] The infill 34 may be a sand material, and further
particularly may comprise a fire-retardant additive or prod-
uct independent of a sand carrier mixture, such as a non-
halogenated magnesium hydroxide powder, silicates includ-
ing potassium silicate, calcium silicate, and sodium silicate,
or other in situ fire suppression or resistant material.
[0048] FIG. 3 illustrates the backing sheet 22, first yarns
for the first tufts 24, and second yarns for the second tufts 26
in the adjacent row, in the tufting process in which the
backing 22 passes through a needle punching station (not
illustrated) for alternating tufting of the first row 28 of tufts
24 and second row 30 of tufts 26. The tufting may be
accomplished for the first row 28 and second row 30
simultaneously, or with separate spaced needle stations. A
plurality of needles forms the first row 28 and each carries
a first yarn 24. The needles insert through the backing 22
carrying the respective yarn a predetermined distance to
form an in-tuft process tuft and then retract. Each needle
forms a loop 70 that is cut with a cutter 75 to the tuft height
42 and results in a tuft of a pair of elongate members
extending from the surface of the backing sheet 22 as
simulated blades of grass with interstices 32 among adjacent
tufts.

[0049] A second set of needles carry a respective second
yarn and similarly insert through the backing 22 in the
adjacent row 30 the predetermined distance to form an
in-tuft process tuft and retract leaving a loop 72 that is cut
with the cutter 75 to the tuft height 42. As shown in the
further process in FIG. 4, the cut portions of the second yarn
forming the tuft 26 then elastically retract towards the
backing 22 as shown by arrows 74, and the discrete fibers in
the second yarn begin to untwist and fray or ravel apart and
splay outwardly and extend apart into the proximate inter-
stices 32 as the nest 48. (The just-cut, pre-retraction position
of the members of the tuft 26 are shown in broken line for
illustrative purposes.) This retraction and untwisting forms a
nesting of the intertangled staple fibers as the nest 48
intermediate the distal extent of the first tufts 26 and the
backing 22.

[0050] The second yarn may be tufted of equal or less
length than the first yarn in the backing sheet 22, as
discussed above. In the illustrated embodiment, the tufts 24
and 26 are needle punched the same distance for forming the
in-tuft process tuft of the loops 70, 72 for cutting to form the
tufts. In such embodiment, the elasticity of the second yarn,
or the retention stop and elongated stretching, retracts the cut
second yarn to the second height. The tufting machine
thereby tufts the rows 28, 30 to the same height, but the
properties of the second yarn cause the retraction or crinkle-
down to the second height that is less than the parent or
in-tuft process state during needle punching of the yarn to
the full extent for looping during retraction of the needle. In
an alternate embodiment, the second yarn tufts to the second
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height that is a percentage less that the height tufted with the
first yarn. The characteristics of the second yarn in an
embodiment enable the retracting or crinkling-down upon
cutting the loop 72 to a height that is majority percentage of
but less than the first height of the tufts 24 of the first yarn.

[0051] In an alternate process, the supply of the second
yarns stops or is held with the needle intermediate the
insertion. The infeed supply of the second yarn passes
through a brake device on the tufting machine. The brake
device operates to move between a first position and a
second position. In the first position, the second yarn passes
unimpeded into the punching station. In the second position,
the brake device stops, or in an alternate embodiment slows,
the travel of the second yarn. The device for each second
yarn causes the second yarns to elastically elongate or
stretch as the in-tuft process as the needle reaches the
predetermined extent during punching. As the needles
retract, the cutter 75 cuts the loops 72 of the in-tuft process
extended second yarns and forms the opposing pair of
members of the tuft 26. The cutting releases the opposing
members to elastically rebound 74 towards the backing 22
with the untwisting and splaying of the staple fibers of the
second yarn into the proximate interstices 32 and forming
the nest 48. (The just-cut, pre-retraction position of the
members of the tuft 28 are shown in broken line for
illustrative purposes.) The holding of the second yarns 26
causes the carried portion to elongate subject to a tensile
strength of the second yarn, which further induces the
retracting and untwisting of the released staple fibers after
cutting the loop 72.

[0052] In an alternate embodiment, a tufting machine is
configured with first and second spaced-apart needle punch-
ing stations. The tufting machine receives the backing 22.
The tufting machine tufts the backing sequentially from
short height to taller height. The illustrative embodiment
discloses the tufted geotextile 20 with tufts 26 of the first
height and the tufts 26 of the second height for the under-
story. The first tufting station tufts the second type of tufts
26 in the row 30 and during the needle retraction or
thereafter a cutter cuts the loops 72 in the second yarn at the
lower second height. The tufting machine advances the
backing 22 to position an intermediate portion of the back-
ing relative to the second needle punching station. The
second tufting station tufts the first tufts 24 in the row 28.
Then, conventionally during the needle retraction or there-
after a second cutter cuts the loops 70 in the first yarn at the
taller first height.

[0053] In an alternate embodiment, the tufting machine
during tufting of the second yarn punches the needles a
greater distance than the distance for the needles of the first
yarns. Upon cutting the loop 72 of the second yarn to form
the tufts 26, the elongated members of the yarn retract to a
understory second height less than the first height of the tufts
24 tufted with the first yarn. In this embodiment, the tufting
machine is configured with first and second spaced-apart
needle punching stations for tufting the backing sequentially
from short height to taller height. The first tufting station
tufts the first yarn for the first type of tufts 24 in the row 28.
The second tufting station tufts the second yarn for the
second type of tufts 26 in the row 30. During the needle
retraction or thereafter a cutter cuts the loops 72 in the
second yarn at the extended height, and the members cut
from the looped second yarn retract to the lower second
height and form the bristled understory in the interstices 32.
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[0054] The tufted geotextile 20 is used for covering sur-
faces of large outdoor ground sites such as landfills. The
tufted geotextile 20 may be supplied in rolls and positioned
on and unrolled over the ground. Another elongated panel of
the tufted geotextile may be placed adjacent the first, and
others similarly installed for ground covering purposes at the
site. Infill 34 is distributed over the tufted geotextile 20. The
interstices 32 receive the infill. The understory of the nests
48 extending from the second tufts 26 occupy intermediate
portions of the proximate interstices. The interstices 32
receive the infill in and around the tufts 24, 26 and through
and about the nests 48. Some infill abuts the fibers and
threads extending from the understory bristled tufts 26. The
nests 48 and the stubby threads 50 extending outwardly
along the longitudinal length of the tufts 26 effect a reduc-
tion in the spacing or gap between adjacent tufts 24, 26 and
creates diverting or blocking structure as to the infill. During
high shear events such as water from ambient precipitation
flows in passages 60 over and through the geotextile, and the
nest 48 and threads 50 divert and block rapid flow into a
slower serpentine flow 62, resisting displacement of the
infill. The nests 48 and the threads 50 similarly resist infill
displacement during high shear wind events.

[0055] In another use as illustrated in FIG. 5, the tufted
geotextile 20 installs on a geomembrane sheet 80, that is
preferably textured or structured, but may be smooth. A
textured geomembrane sheet may have a pattern of grooves
formed therein. FIG. 5 illustrates a structured geomembrane
from which spikes 82 project from a bottom surface and
posts or stubs 84 project from an opposing upper surface. A
structured membrane may have only the projecting spikes 82
or only the projecting stubs 84, with the opposing surface
smooth or textured. The spikes 82 in the illustrated embodi-
ment mechanically engage a ground surface 86. The stubs 84
engage a bottom surface of the tufted geotextile 20. The
stubs 84 define a gap 88 therebetween to define water flow
channels along which ambient water the passes through the
tufted geotextile 20 flows off of a covered ground.

[0056] The geomembrane 80 comprises an elongate
impermeable sheet for restricting water inflow into the
ground. In another embodiment, the tufted geotextile 20
attaches to the geomembrane as a unitary assembly, such as
an adhesive, heat melt bonding at spaced bonds, or mechani-
cal joinder. The nests 48 and the stubby threads 50 extending
outwardly along the longitudinal length of the tufts 26 effect
a reduction in the spacing or gap between adjacent tufts 24,
26 and creates diverting or blocking structure as to the infill.
During high shear events such as water from ambient
precipitation flows in passages 60 over and through the
geotextile, and the nest 48 and threads 50 divert and block
rapid flow into a slower serpentine flow 62, resisting dis-
placement of the infill. The nests 48 and the threads 50
similarly resist infill displacement during high shear wind
events. The geomembrane restricts inflow of ambient water
downwardly into the ground; rather the ambient water flows
over the tufted geotextile to drainage systems such as
culverts, gutters, and drainage flow paths off of the covered
ground.

[0057] In the illustrated embodiment, the backing 22 is an
elongated sheet woven with warp and waft yarns, although
in an alternate embodiment a nonwoven sheet may be used.
The backing sheet 22 has a weight basis or mass of between
about 2 ounces per square yard to about 40 ounces per
square yard. The backing sheet 22 forms of a polymer
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material that resists exposure to sunlight that generates heat
rise in the geotextile 20 and that resists ultraviolet (UV)
radiation in the sunlight that degrades the backing sheet and
the tufted blades. Useful UV resistant additives include
HALS and carbon black. The polymers are selected to
provide high shear strength resistance. The backing 22 has
strong tensile strength, in a range of about 800 pounds per
foot to about 4,000 pounds per foot.

[0058] The tufted geotextile 20 may comprise one or more
backing sheets 22. The backing sheet 22 comprises accord-
ingly a first backing sheet and a second backing sheet in
overlying relation. The first backing sheet and a second
backing sheet may be connected, such as with tacking points
or may be independently separate. The tufting yarns inter-
weave through the backing sheets to secure the backing
sheets closely together with the spaced-apart rows 28, 30 of
first and second yarns, which first yarns extend from the
geotextile sheet 20 as the grass-like tufts 24 of simulated
blades with the second yarns extending the understory tufts
26 defining the nest 48 occupying the interstices 32.
Embodiments having the two or more backing sheets 22
tufted together provides increased slippage resistance of
increased friction, for example, resistance strength for use in
severely steep side slopes, and provides as the uppermost
backing sheet a waste layer for initial UV exposure and
degradation during the operational life of the tufted geotex-
tile 20 while protecting the lower second backing sheet. The
two, or more, layers of backing sheets 30, 32 tufted together
affords improved dimensional stability having an increased
lifetime duration.

[0059] The blades 24 extend from the backing sheet 22
about % inch to about 4 inches, and more preferably from
about 1 inch to about 1 and Y% inches. The adjacent blades
24, 26 define the interstices 32 therebetween. The interstices
32 receive the granular infill 34 selectively to a fill plane 39
between the upper surface of the backing sheet 22 and the
extent of the tufts 24, preferably less than a height achieved
by a distal extent of the blades 24 during ordinary installa-
tion on a ground surface, and more preferably between the
upper surface of the backing sheet and an extent of the
understory, and more preferably proximate but below the
extent of the understory.

[0060] The color selection for the tufting yarns are green
or brown, or variations of shades, to simulate grasses. The
tufts may be tufted in combinations for closer simulation of
the area to be covered, for example using a respective
proportion of a first, second, or more, color yarns. The grass
filaments formed by the tufted yarns preferably have an
extended operational life of at least about 50 years to about
100 years. The yarns for the tufts of synthetic grass blades
are preferably polyethylene or polypropylene, or other poly-
meric.

[0061] The alternating tufting of the geotextile 20 in
accordance with the invention providing simulated grass
blade tufts 24 and understory bristly tufts 26 defining nests
48 and protruding fibers that resist infill displacement from
high shear loading from hydraulic ambient water flow or
high winds dry-flow load on flow paths 62. Rather, the flow
force is disrupted and slowed by the nests 48 occupying
portions of interstices to create the serpentine meandering
flow path over the porous backing sheet 22. The water may
then enter into the soil below the geotextile 20, or when used
in a covering system for closure purposes of a land site, flow
over an impermeable geomembrane disposed below or
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attached to a bottom surface of the geotextile 20 to a water
collection channel downslope. Further, the dense tufting of
the geotextile resists dry flow forces that can result in
movement of the geotextile (wrinkles) or of the infill (dis-
placement), caused by wind infiltration, subsurface ground
vibrations, site contents settlement and vibrations, or ther-
mal expansions and contractions. Resistance to infill dis-
placement retains evenly distributed infill and prevents thin
coverage and accumulated coverage that may occur by infill
displacement in response to shear forces (hydraulic or
dry-flow winds).

Cover System for Landfill and Waste Site Closure

[0062] The geotextile 20 readily installs over the ground
surface with the bottom surface of the backing layer 22 in
contact with the ground surface. The land site may include
a soil overlay layer that covers waste materials such as in a
landfill. The infill 34 provides additional mass for resisting
wind uplift of the geotextile 20. The densely tufted geotex-
tile 20 resists displacement of the infill 34 arising from
hydraulic shear forces of water flow over the steep slopes
(such as in a landfill), such that the granular loose infill 34
remains as distributed relatively evenly across the tufted
geosynthetic 20 in the interstices 36 even without a securing
material such as cementitious granules that cure in place.
The water flows over and around the blades 26 and the nest
48 disrupt flows, and the water passes through the infill 34
and the backing sheet 22 into the ground underneath. Fur-
ther, the nests 48 resists dry-flow forces (wind) that can
result in movement of the geotextile (wrinkles) or of the
infill (displacement), caused by wind infiltration, subsurface
ground vibrations, site contents settlement and vibrations, or
thermal expansions and contractions.

Geotextile and Geomembrane Closure System

[0063] The tufted geotextile 20 readily installs alterna-
tively with the impermeable geomembrane for a closure
covering system 52 for landfills and waste sites. These sites
typically have steep slopes from a toe to an apex, and may
have slopes of up to about 45 degrees with elevational
differences of 200 feet or more. The tufted geotextile 20 of
the present invention readily installs for site covering or
closure purposes such as without benches intermediate the
toe and apex, although benches may be employed.

[0064] The geomembrane positions with a first surface
overlying a land surface. The tufted geotextile 20 then
overlies the geomembrane. The geomembrane provides a
frictional interface to the ground and to the geotextile with
a mechanical interface resistant to shear forces. The
geomembrane may have opposing smooth surfaces, prefer-
ably textured surfaces for frictional engagements, and more
preferably extending projections from one or both surfaces
of the geomembrane, such as structural drainage features.
[0065] As noted above, the geomembrane in one embodi-
ment may include a plurality of projections that extend from
one or both opposing surfaces. In this embodiment, the
projections pierce into, and mechanically engage with, the
back surface of the backing sheet 22. This structure thus
provides the cover system having increased shear resistance
to displacement of the tufted geotextile 20 relative to the
geomembrane while the nests 48 resist infill displacement
arising from hydraulic or dry-flow shear forces particularly
on steeply sloped sites. The penetration of the projections
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into the geotextile 20 form the mechanical connection
between the geomembrane and the geotextile 20. The inter-
face resistance to slippage is based upon the material
strength of the geotextile and the projections in combination.
The present invention provides high shear strength for a
geotextile in a variety of applications including soil cover-
age and as a component of a closure system having the
geomembrane and the geotextile to the resist slippage of the
tufted geotextile relative to the geomembrane in response to
shear loading on the cover system from hydraulic ambient
water flow and dry-flow forces that can result in movement
of the geotextile (wrinkles) or displacement of the infill.
[0066] The extending blades 26 and nests 48 shadow the
interstices 32 of the geotextile 20 from the surface of the
backing sheet 22 to a selected fill level, and may reach about
the fill plane 39, and thus reduce exposure of the backing
sheet 22 to UV and heat degradation.

[0067] The foregoing discloses an improved tufted geo-
textile 20 having nest 48 structures that resist infill displace-
ment caused by shear forces of hydraulic flow or dry-flow on
the infill (uniform distribution lost by carry away in flowing
waters or wind to create thin or bare portions and over-fill
portions of the cover system requiring periodic mainte-
nance) without the use of securing additives such as cement.
The heavy high-strength geotextile backing sheet 22 pref-
erably includes a UV resistant polymer and the nest tufting
affords shading and cooperatively with the blades experi-
ences reduced or non-moving infill to protect the geotextile
from UV degradation for cover system longevity and utility
over longer multiple-year weathering periods experienced in
covering and closing land site. In the closure application, the
geotextile 20 secures in a first embodiment with the fric-
tional interface to the impermeable geomembrane or secures
in a second embodiment with the mechanical engagement to
the impermeable geomembrane.

[0068] A fire additive used in the yarns of the backing 22
provides a land surface covering resistant to fire.

[0069] The foregoing discloses a tufted geotextile for use
with covering land surfaces. The tufted geotextile comprises
at least one backing sheet tufted with first yarns for a
plurality of first tufts that extend a first length from the
backing sheet as simulated grass blades and formed in
spaced-apart first lines of tufts and tufted of second yarns for
a plurality of second tufts in spaced-apart second lines of the
second tufts alternating with the first line of the first tufts,
said first tufts and second tufts defining interstices therebe-
tween for receiving an infill, said second tufts extend a
second length from the backing, which second length is less
than the first length, each second tuft having a plurality of
discrete fibers that extend outwardly from the second tufts as
an understory into the interstices for restricting hydraulic
and dry-flow displacement of an infill received in the
interstices between the adjacent alternating first tufts and
second tufts.

[0070] It is thus seen that the foregoing describes a tufted
geotextile with understory tufts and nests for shear resis-
tance to hydraulic and dry-flow displacement of infill during
use for ground covering purposes, as well as disclosing a
method for tufting a geotextile with understory tufts and
nests and a method of covering outdoor land sites for
increased resistance to high shear hydraulic and dry-flow
events with a tufted geotextile having understory tufts and
nests. Although the tufted geotextile with understory tufts
and nests has been illustrated and described in various
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embodiments and site applications, it should be understood
that many modifications, additions, and deletions may be
made without departure from the scope of the invention as
set forth in the claims.

What is claimed is:

1. A tufted geotextile for use with covering and closing
waste sites and land surfaces, comprising at least one
backing sheet tufted with first yarns to form a plurality of
first tufts that extend a first length from the backing sheet as
simulated grass blades, said tufting formed in spaced-apart
first lines of first tufts and tufted with second yarns for a
plurality of second tufts in spaced-apart second lines of the
second tufts, said second lines of the second tufts alternating
with said first lines of the first tufts, said first tufts and
second tufts defining interstices therebetween for receiving
an infill, said second tufts extend a second length from the
backing, which second length is less than the first length,
each second tuft having a plurality of discrete fibers that
extend outwardly from the second tufts as an understory into
the interstices for restricting hydraulic and dry-flow dis-
placement of an infill received in the interstices between the
adjacent alternating first tufts and second tufts.

2. The tufted geotextile as recited in claim 1, further
comprising a geomembrane for underlying the backing sheet
for restricting inflow of ambient water into the covered
ground.

3. The tufted geotextile as recited in claim 1, wherein the
first yarn and second yarn tuft on a spacing gauge in a range
of about 20 tufts per foot to about 50 tufts per foot and lines
of tufts spaced about %4 inch apart to ¥ inch apart.

4. The tufted geotextile as recited in claim 1, wherein the
first yarn comprises a filament yarn made of one or more
continuous strands.

5. The tufted geotextile as recited in claim 4, wherein the
first yarn comprises a flat yarn.

6. The tufted geotextile as recited in claim 1, wherein the
second yarn comprises a ply yarn made of a plurality of
strands of staple fiber yarns twisted together.

7. The tufted geotextile as recited in claim 6, wherein each
second tuft has a distal extent that defines a nest of one or
more filaments extending therefrom into the interstices.

8. The tufted geotextile as recited in claim 7, wherein said
nest defines a narrowed gap between the nest and an adjacent
one of the first tufts for restriction displacement of infill
received therein.

9. The tufted geotextile as recited in claim 1, wherein the
infill comprises a sand material.

10. A method for tufting a geotextile for an understory of
nest-ended tufts in a tufted geotextile for use with covering
and closing waste sites and land surfaces, comprising the
steps of:

(a) tufting a backing sheet with a first tuft motion (i) with

a plurality of first yarns to define a plurality of respec-
tive in-tuft process first tufts in first spaced-apart rela-
tion for forming a line of in-tuft process first tufts, said
first yarns each comprises a filament yarn made of one
or more continuous strands, and (ii) with a plurality of
second yarns to define a plurality of respective in-tuft
process second tufts in second spaced-apart relation for
forming a line of said in-tuft process second tufts, said
line of said in-tuft process second tufts spaced from
said line of said in-tuft process first tufts, said second
yarns each comprises a ply yarn made of a plurality of
strands of staple fiber yarns twisted together;
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(b) cutting at a first length relative to the backing sheet (i)
the in-tuft process first tufts to form a plurality of first
tufts and (ii) the in-tuft process second tufts to form a
plurality of second tufts, said first tufts extending said
first length to a respective distal end as simulated grass
blades;

(c) said in-tuft process second tufts upon cutting retracting
from said first length to a second length relative to the
backing sheet to form a plurality of second tufts extend-
ing to a respective distal end as simulated grass blades;

(d) said respective distal ends of said second tufts forming
nests of the one or more strands of staple fiber yarns for
defining an understory extent below the distal extent of
said plurality of first tufts;

said plurality of first tufts and of said second tufts defining
interstices therebetween for receiving an infill;

whereby said nested second tufts for restricting hydraulic
and dry-flow displacement of an infill received in the
interstices between the adjacent alternating first tufts
and second tufts.

11. The method for tufting a geotextile as recited in claim
10, further comprising the step of attaching a geomembrane
to a bottom surface of the backing sheet for restricting inflow
of ambient water into the ground covered by the tufted
geotextile.

12. The method for tufting a geotextile as recited in claim
10, wherein the first yarns and the second yarns tuft on a
spacing gauge in a range of about 20 tufts per foot to about
50 tufts per foot.

13. The method for tufting a geotextile as recited in claim
10, wherein the lines of first tufts and the lines of second
tufts are spaced about %4 inch apart to %4 inch apart.

14. The method for tufting a geotextile as recited in claim
10, wherein the step of forming said nests of the one or more
strands of staple fiber yarns comprises the distal end fraying
into discrete fibers that splay laterally into the interstices.

15. The method for tufting a geotextile as recited in claim
10, wherein said second yarns are held during formation of
the in-tuft process second tufts for elongating said second
yarns prior to cutting step (b).

16. A method of covering outdoor land sites for increased
resistance to high shear hydraulic and dry-flow events,
comprising the steps of:

(a) overlying a surface with a tufted geotextile comprising

a backing sheet tufted with alternating rows of a
plurality of spaced-apart first tufts tufted with a first
yarn and of a plurality of spaced-apart second tufts
tufted with a second yarn different from the first yarn,
said first and second tufts defining interstices therebe-
ween, said first tufts extending a first length from the
backing sheet as simulated blades of grass and said
second tufts extending a second length to a respective
distal extent less than the first length from the backing
sheet, said respective distal extent of each second tuft
defining a nest of splayed discrete fibers that extend
into the interstices; and

(b) applying an infill into the interstices between the
backing sheet and proximate the distal extent of the
second tufts, whereby the nest of splayed discrete fibers
provides a blocking impediment to displacement of the
infill during high shear loading from flow of ambient
water or flow of ambient wind over the tufted geotex-
tile.
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17. The method of covering outdoor land sites as recited
in claim 16, wherein the first yarn comprises a filament yarn
and said second yarn comprises a ply yarn made of a
plurality of strands of staple fiber yarns twisted together.

#* #* #* #* #*
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