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REINFORCED SILT RETENTION SHEET 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of US. patent 
application Ser. No. 10/647,758, ?led Aug. 25, 2003 now 
abandoned, which claims priority to US. Provisional Appli 
cation No. 60/406,176, ?ledAug. 27, 2002, both ofwhich are 
incorporated by reference herein in their entirety. 

TECHNICAL FIELD 

The present invention is directed to materials used in water 
runoff management and erosion control and, more speci? 
cally, to reinforced silt retention fabric materials. 

BACKGROUND 

Sediment has been recognized as one of the most signi? 
cant water quality impairments in the United States. Histori 
cally, soil erosion was primarily considered an agricultural 
issue, but construction sites are receiving increased attention 
as more land is being developed and there is greater aware 
ness of water quality issues. While numerous erosion and 
sediment control products and practices are being used in the 
?eld to reduce soil loss from construction sites, there are only 
few standardized tests to evaluate the effectiveness of most of 
these practices, and such tests are relatively complicated. 
Thus, there remains a need for a relatively simple test proce 
dure for evaluating sediment control products. 
As a result, silt fences have become a commonly accepted 

erosion and sediment control product. Most silt fences are 
constructed of woven geotextile fabrics, sometimes rein 
forced by wire, supported by metal posts. Silt fences help to 
impound runoff and to increase sedimentation by ?ltering the 
?uid as it ?ows away from the development site. While not 
wishing to be bound by theory, it is believed that the silt fence 
initially removes silt and sand particles from overland ?ow 
through ?ltration of the large particles, and as the larger 
particles block the pores in the silt fence, runoff begins to pool 
or “pond” behind the fence to promote sedimentation. 

Installation and maintenance is a problem commonly 
reported with silt fences. The geotextile fabric typically is 
attached with fasteners to wooden or metal stakes driven into 
the ground to secure the fabric in position to collect and ?lter 
dirt and debris from runoff water ?ows. The fasteners typi 
cally include staples, hooks, rings, or similar devices that are 
inserted through the fabric to attach it to the stakes. However, 
due to their relatively thin, porous nature, geotextile fabrics 
usually do not exhibit enough tensile strength to avoid pulling 
and tearing at the insertion or puncture points of the fasteners 
as water, direct, and debris bear against the fabric as runoff 
?ow passes therethrough. When the fabric pulls and tears, it 
frequently fails to control erosion effectively. Consequently, 
there is a need for geotextile fabrics and sheets that resist 
tearing and pulling at fastener insertion points. Additionally, 
undercutting and ?anking of the fence can occur due to 
improper installation, and overtopping can occur when silt 
fences are improperly located in concentrated ?ow conditions 
or when the ?ow rate through the fence is inadequate. 
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2 
Thus, there remains a need for a sediment control product, 

for example, a silt retention material and/or silt retention 
system, that features enhanced durability while effectively 
promoting sedimentation, thereby reducing maintenance and 
improving overall performance. 

SUMMARY 

Brie?y described, the present invention generally is 
directed to a silt retention sheet or silt screen material having 
a body or web that generally is formed of woven or nonwoven 
?lter material, such as a spunbond polypropylene, polyester, 
or similar ?exible polymeric material that allows water to 
pass therethrough, but substantially prevents silt and debris 
from passing therethrough. The silt retention sheet further 
includes one or more reinforcing elements, strips, or belts 
attached to the web at spaced intervals along or across the 
width of the web. Fasteners are inserted or applied onto or 
through the water-permeable web of ?lter material at selected 
locations along the reinforcing strips to attach the web mate 
rial to stakes or support members. 
The reinforcing elements prevent ripping and tearing of the 

?lter material at the points where the fasteners are inserted 
through or attached to the ?lter material, and further provide 
areas for supporting the engagement and hold of the fasteners 
to the ?lter material against heavy water ?ows or the accu 
mulation of sediment and debris against the web. Some 
examples of the reinforcing material include woven strips of 
nylon, reinforcing strands of ?berglass and other rugged 
polymeric materials. The reinforcing elements can be applied 
as strands, cords, arrays, strips, patches, or lengths of material 
attached along the web of the silt screen material by stitching, 
adhesion, felting, impregnation, heat fusion, weaving, or 
similar means. For example, in one embodiment, the rein 
forced silt retention sheet includes a plurality of woven nylon 
strips or patches sewn onto and extending along the length of 
the web of ?lter material, with the strips spaced across the 
width of the web. 

In another embodiment, the silt retention sheet includes a 
?rst water-permeable web on which is layered a second 
water-permeable web, with a reinforcing element disposed 
between portions of the ?rst and second webs. The webs may 
be formed of woven and/or nonwoven materials and con 
structed to allow water to pass therethrough while helping to 
prevent the passage of silt and/or debris therethrough. The 
reinforcing element can include a plurality of reinforcing 
strands or strips that form a band. A series of reinforcing 
bands can be formed to de?ne a reinforcing structure or array 
extending along selected portions of the web. 

According to another aspect of the invention, a silt reten 
tion system includes various features, for example, a silt 
retention material, at least one stake to attach the silt retention 
material to, and at least one fastener for securing the silt 
retention material to the at least one stake. The silt retention 
system also may include a fastener support for further secur 
ing and stabilizing the silt retention sheet. 

These and other aspects of the present invention are 
described in greater detail below and shown in the accompa 
nying drawings that are brie?y described as follows. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a side elevational view of a portion of a silt 
retention sheet encompassing principles of the present inven 
tion; 

FIG. 2 is a side elevational view of a portion of the silt 
retention sheet of FIG. 1 fastened to support members; 
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FIG. 3 is a side elevational vieW of a portion of an addi 
tional embodiment of a silt retention sheet encompassing 
principles of the present invention; 

FIG. 4 is a side elevational vieW of a portion of yet another 
embodiment of a silt retention sheet encompassing principles 
of the present invention; 

FIG. 5 is a side elevational vieW of a portion of still another 
embodiment of a silt retention sheet encompassing principles 
of the present invention; 

FIG. 6 is a side elevational vieW of a portion of another 
alternative embodiment of a silt retention sheet encompassing 
principles of the present invention; 

FIG. 7 is a side vieW of a portion of a further alternative 
embodiment of a silt retention sheet encompassing principles 
of the present invention; 

FIG. 8 is an exploded vieW of an another exemplary silt 
retention material and system including such a material 
according to various aspects of the present invention; 

FIG. 9 is an exploded vieW of yet another exemplary silt 
retention material and system including such a material 
according to various aspects of the present invention; 

FIG. 10 presents comparative average blank ?oW data for 
an exemplary silt retention material according to various 
aspects of the present invention and a control material; 

FIG. 11 presents comparative standard concentration ?oW 
data for an exemplary silt retention material according to 
various aspects of the present invention and a control mate 
rial; 

FIG. 12 presents comparative double concentration ?oW 
data for an exemplary silt retention material according to 
various aspects of the present invention and a control mate 

rial; 
FIG. 13 presents comparative standard concentration ?lter 

ef?ciency data for an exemplary silt retention material 
according to various aspects of the present invention and a 
control material; 

FIG. 14 presents comparative double concentration ?lter 
ef?ciency data for an exemplary silt retention material 
according to various aspects of the present invention and a 
control material; 

FIG. 15 presents comparative standard concentration tur 
bidity data for an exemplary silt retention material according 
to various aspects of the present invention and a control 
material; 

FIG. 16 presents comparative double concentration turbid 
ity data for an exemplary silt retention material according to 
various aspects of the present invention and a control mate 
rial; 

FIG. 17 presents comparative ?oW data for an exemplary 
silt retention material according to various aspects of the 
present invention and a control material using a modi?ed test 
method; 

FIG. 18 presents comparative ?lter e?iciency data for an 
exemplary silt retention material according to various aspects 
of the present invention and a control material using a modi 
?ed test method; 

FIG. 19 presents comparative turbidity reduction data for 
an exemplary silt retention material according to various 
aspects of the present invention and a control material using a 
modi?ed test method; and 

FIG. 20 depicts an exemplary test apparatus according to 
various aspects of the present invention. 

DETAILED DESCRIPTION 

The present invention is directed generally to various ero 
sion control materials and systems. For example, such mate 
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4 
rials may be used to retain silt suspended in stormWater ?oW 
ing from development sites or other erosion-prone areas. As 
used herein, the term “silt” refers to soil or rock particles 
having a diameter of from about 1/256 mm to about 1/16 mm 
(about 3.9 microns to about 62.5 microns). 

In one aspect, an erosion control product or system com 
prises a reinforced silt retention sheet including one or more 
Webs or sheets of a substantially Water-permeable material to 
Which one or more reinforcing elements are attached and 
serve as points of attachment for fasteners that are used to 
fasten the reinforced silt retention sheets to support members 
to anchor the sheets in position to ?lter silt and debris from 
Water passing through the sheet in soil erosion control appli 
cations. The reinforcing elements further help to reduce the 
incidence of tearing, pulling, and separation of the Water 
permeable Web material at or around the points of attachment 
for the fasteners. 
As used herein, the term “Water-permeable” generally 

refers to the ability of an element or article to alloW Water to 
pass or How therethrough. The How rate of Water through a 
“Water-permeable” structure as used in the present invention 
generally Will be su?icient for soil erosion control applica 
tions in Which storm Water runoff must be ?ltered and alloWed 
to pass through the structure Without substantial pooling or 
?ooding around the silt retention sheet(s) When installed. 

It Will be understood that Whether a particular material is 
suf?ciently Water-permeable Will depend on the particular 
application for Which the material is used, the composition of 
soil in the geographic location Where the material is used, the 
particle siZe of the each component in the soil, and numerous 
other factors understood to those of skill in the art. Thus, 
While certain examples are provided herein, it Will be under 
stood that the performance criteria for a given application 
may vary, and that some materials may be suitable for some 
applications and not suitable for others. 

In another aspect, a silt retention system is provided. The 
silt retention system may include various features, for 
example, a silt retention material, at least one stake to attach 
the silt retention material to, and at least one fastener for 
securing the silt retention material to the at least one stake. 
The silt retention system also may include a fastener support 
for further securing and stabiliZing the silt retention sheet, and 
for reducing the incidence of tearing at of near the points of 
attachment to each stake. 

Various materials are contemplated for use With the present 
invention, including Woven materials, nonWoven materials 
(also referred to as nonWoven “Webs” or “fabrics”), or any 
combination thereof formed from natural materials, synthetic 
materials, or any combination thereof. 
As used herein, the term “Woven” refers to a fabric or 

material made or constructed by interlacing threads or strips 
of material or other elements into a Whole. Woven materials 
typically only stretch in the bias directions (betWeen the Warp 
and Weft directions) unless the threads or other materials used 
to form the material are elastic. 
As used herein, the term “nonWoven” material or fabric or 

Web refers to a Web having a structure of individual ?bers or 
threads Which are interlaid, but not in an identi?able manner 
as in a knitted fabric. NonWoven fabrics or Webs have been 
formed from many processes including, but not limited to 
spunbonding processes, meltbloWing processes, bonded 
carded Web processes, felting processes, and needlepunching 
processes. 
As used herein the term “spunbond ?bers” refers to small 

diameter ?bers of molecularly oriented polymer formed from 
a spunbonding process. Spunbond ?bers are formed by 
extruding molten thermoplastic material as ?laments from a 
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plurality of ?ne, usually circular capillaries of a spinneret 
With the diameter of the extruded ?laments then being rapidly 
reduced. 
Where the silt retention fabric is a spunbond material, the 

?bers may have any suitable denier as needed or desired for a 
particular application, and may generally be from about 1 to 
about 10 denier per ?ber (dpf) (grams per 9000 meters of 
?ber). In one aspect, the denier of the reinforced silt retention 
fabric is from about 1.5 to about 8 dpf. In another aspect, the 
denier is 2 to about 7 dpf. In yet another aspect, the denier is 
from about 3 to about 7 dpf. In yet another aspect, the denier 
is from about 4 to about 5 dpf. In one particular example, the 
denier of the nonWoven ?bers used to form the silt retention 
fabric is about 4.5 dpf. 
As used herein the term “meltbloWn ?bers” refers to ?ne 

?bers of unoriented polymer formed from a meltbloWing 
process. MeltbloWn ?bers are often formed by extruding a 
molten thermoplastic material through a plurality of ?ne, 
usually circular, die capillaries as molten threads or ?laments 
into converging high velocity, usually hot, gas (e.g. air) 
streams Which attenuate the ?laments of molten thermoplas 
tic material to reduce their diameter, Which may be to micro? 
ber diameter. Thereafter, the meltbloWn ?bers are carried by 
the high velocity gas stream and deposited on a collecting 
surface to form a Web of randomly disbursed meltbloWn 
?bers. MeltbloWn ?bers may be continuous or discontinuous, 
and are generally smaller than 10 microns in average diam 
eter. 

As used herein, “bonded carded Web” refers to Webs made 
from staple ?bers that are sent through a combing or carding 
unit, Which breaks apart and aligns the staple ?bers in the 
machine direction to form a generally machine direction 
oriented ?brous nonWoven Web. Such ?bers usually are pur 
chased in bales that are placed in a picker that separates the 
?bers prior to the carding unit. Once the Web is formed, it then 
is bonded by one or more of several knoWn bonding methods. 
One such bonding method is poWder bonding, Wherein a 
poWdered adhesive is distributed through the Web and then 
activated, usually by heating the Web and adhesive With hot 
air. Another suitable bonding method is pattern bonding, 
Wherein heated calendar rolls or ultrasonic bonding equip 
ment are used to bond the ?bers together, usually in a local 
iZed bond pattern, though the Web can be bonded across its 
entire surface if so desired. Another suitable and Well-known 
bonding method, particularly When using bicomponent staple 
?bers, is through-air bonding. 
As used herein, a “felt” refers to a matted nonWoven mate 

rial formed from natural and/or synthetic ?bers, made by a 
combination of mechanical and chemical action, pressure, 
moisture, and heat. 
As used herein, “needlepunching” refers to a process of 

converting batts of loose staple or continuous ?bers, or a 
combination of staple ?bers and continuous ?bers, into a 
coherent nonWoven fabric in Which barbed needles are 
punched through the batt, thereby entangling the ?bers. 

The silt retention material used in accordance With any of 
the various aspects of the present invention may be formed 
from one or more polymers or polymeric materials. As used 
herein the term “polymer” or “polymeric material” includes, 
but is not limited to, homopolymers, copolymers, such as for 
example, block, graft, random, and alternating copolymers, 
terpolymers, etc. and blends and modi?cations thereof. Fur 
thermore, unless otherWise speci?cally limited, the term 
“polymer” shall include all possible geometrical con?gura 
tions of the molecule. These con?gurations include, but are 
not limited to isotactic, syndiotactic, and random symmetries. 
Typical thermoplastic polymers that may be suitable for use 
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6 
With the present invention include, but are not limited to, 
polyole?ns, e.g. polyethylene, polypropylene, polybutylene, 
and copolymers thereof; polytetra?uoroethylene; polyesters, 
e.g. polyethylene terephthalate; vinyl polymers, e.g., polyvi 
nyl chloride, polyvinyl alcohol, polyvinylidene chloride, 
polyvinyl acetate, polyvinyl chloride acetate, polyvinyl 
butyral; acrylic resins, e. g. polyacrylate, polymethylacrylate, 
and polymethylmethacrylate; polyamides, e. g., nylon 6,6; 
polystyrenes; polyurethanes; cellulosic resins, e.g., cellulosic 
nitrate, cellulosic acetate, cellulosic acetate butyrate, ethyl 
cellulose; copolymers of any of the above materials; or any 
blend or combination thereof. 

Thus, by Way of example and not by limitation, the material 
used in accordance With the present invention may be a Woven 
polypropylene fabric, a nonWoven polypropylene fabric, for 
example, a spunbond polypropylene fabric, a Woven polyeth 
ylene terephthalate fabric, a nonWoven polyethylene tereph 
thalate fabric, for example, a spunbond polyethylene tereph 
thalate fabric, a needlepunched polyethylene terephthalate 
fabric, a needlepunched spunbond polyethylene terephthalate 
fabric, a Woven nylon fabric, Woven natural ?ber fabric, or 
any combination thereof. 
One example of a Woven polypropylene fabric that may be 

suitable for use With the present invention is commercially 
available from Amoco Fabrics and Fibers Company (Austell, 
Ga.) under the trade name PROPEX® 1198 geotextile. The 
properties of PROPEX® 1198 geotextile as provided by the 
manufacturer are presented in Table 1. 

TABLE 1 

Min. Average Min. Average 
Property Test Method Value (English) Value (Metric) 

Grab tensile ASTM-D-4632 300/200 lb 1.33/. 890 kN 
Grab elongation ASTM-D-4632 15% 15% 
Mullen burst ASTM-D-3786 450 psi 3100 kPa 
Puncture ASTM-D-4833 120 lb 0.530 kN 
Trapezoidal tear ASTM-D-4533 65 lb 0.285 kN 
UV resistance ASTM-D-4355 90% at 500 hr 90% at 500 hr 
AOS ASTM-D-475l 40 sieve 0.425 mm 
Permittivity ASTM-D-449l 0.5 sec 0.5 sec 
Flow rate ASTM-D-4491 50 gal/min/ft2 2035 L/min/m2 

Another example of a Woven polypropylene fabric that 
may be suitable for use With the present invention is commer 
cially available from Willacoochee Industrial Fabrics (Willa 
coochee, Ga.) under the trade name STYLE 2098 SILT 
FENCE fabric, described in detail in the Examples. 
One example of a needlepunched spunbond polyethylene 

terephthalate fabric that may be suitable for use With the 
present invention is commercially available from Silt-Saver, 
Inc. (Conyers, Ga.) under the trade name BELTED SILT 
RETENTION FENCE fabric, described in detail in the 
Examples. 

In this and other aspects of the present invention, the silt 
retention material may include one or more reinforcing ele 
ments. The reinforcing material or element may be any suit 
able construct or element (collectively “elements”) that is 
capable of enhancing at least one of the tensile strength, burst 
strength, puncture resistance, tear strength, or the like, of the 
Woven or nonWoven material. 

The reinforcement elements generally may be formed from 
any strong, resilient, substantially tear resistant material as 
needed or desired for a particular application. Examples of 
such materials include, but are not limited to, Woven or non 
Woven polymeric materials, such as nylon 6,6, spun or Woven 
yarns, cord materials, scrim, ?berglass, aramid ?bers or other, 
similar high strength, ?exible materials, or any combination 
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thereof. In this and other aspects of the present invention, 
While various examples are provided herein, it Will be under 
stood that any suitable material may be used, such as those 
described above. 
As one example of the numerous reinforcing materials and 

elements described herein, the reinforcing material may com 
prise a scrim formed from natural ?bers, synthetic ?bers, 
metal Wire, carbon ?bers, ?berglass, other materials, or any 
combination thereof. Some synthetic ?bers that may be used 
to form a scrim include, but are not limited to, those made 
from polyole?ns, such as polypropylene, polyethelene, and 
copolymers thereof; polyamides, such as nylon 6,6,; polyes 
ters, such as polyethylene terephthalate; vinyl polymers, such 
as polyvinyl chloride; and any combination thereof. Other 
suitable polymers described herein or contemplated hereby 
also may be used. 
A scrim used in accordance With the present invention may 

have any suitable ?ber siZe, denier, and Weave as needed or 
desired for a particular application. For example, the scrim 
may be from about 0.01 inch to about 1 inch mesh. In one 
aspect, the scrim is from about 0.1 inch to about 0.8 inch 
mesh. In another aspect, the scrim is from about 0.15 inch to 
about 0.5 inch mesh. In yet another aspect, the scrim is from 
about 0.2 inch mesh to about 0.4 inch mesh. In one particular 
example, the scrim is about 0.25 in mesh. 

The reinforcing element may be attached to or incorpo 
rated into the silt retention material using any suitable 
method, process, or technique. By Way of example and not 
limitation, the reinforcing element may be mechanically 
attached, for example, by stitches, hook-and-loop fasteners, 
staples, snaps, clips, or any combination thereof, adhesively 
attached, for example, by gluing, thermally attached, for 
example, by fusing or ultrasonic bonding, or any combination 
thereof. 

Alternatively or additionally, the reinforcing element may 
be integrally formed With the silt retention material, for 
example, by Weaving or by incorporating the element into the 
nonWoven material during manufacture. Thus, the silt reten 
tion sheet may comprise a nonWoven fabric having a reinforc 
ing element embedded Within the entangled nonWoven ?bers. 
The silt retention sheet may be formed, for example, by 
depositing one or more layers of nonWoven ?bers on a mov 

ing Wire, depositing the reinforcing material and/or 
element(s) thereon, and depositing one or more layers of 
additional ?bers over the reinforcing material such that the 
?bers overlie and substantially encompass the With the rein 
forcing material and or element(s). 

If desired, the resulting structure may be subject to one or 
more additional processes as is knoWn to those in the art. For 
example, the resulting structure may be subject to a mechani 
cal entanglement process to enmesh the various layers of ?ber 
and the reinforcing material. As a result, the reinforcing mate 
rial is secured Within the ?bers by mechanical entrapment in 
the absence of thermal or adhesive bonding or fusing to or 
With the nonWoven ?bers. One example of a system that 
includes such a material is commercially available from Silt 
Saver, Inc. (Conyers, Ga.) under the trade name BELTED 
SILT RETENTION FENCE, described in detail in the 
Examples. 

Alternatively, the reinforcing element may be secured 
Within the ?bers by mechanical entrapment With only mini 
mal bonding or fusing to the nonWoven ?bers. Such materials 
may be formed according to numerous processes. For 
example, Where the reinforcing element is formed from a 
polymer or other material capable of softening in response to 
heat, the polymer used to form the nonWoven ?bers may be 
selected such that the nonWoven ?bers have a loWer softening 
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8 
point than the reinforcing element. The structure then can be 
through air bonded or point bonded at a temperature above the 
softening point of the entangled polymeric ?bers but beloW 
the softening point of the reinforcing element. By doing so, 
the softened polymer ?bers fuse primarily to other softened 
polymer ?bers, but also may bond someWhat to the reinforc 
ing element. Thus, the reinforcing element may be secured 
Within the ?bers by mechanical entrapment in the absence of 
substantial bonding or fusing to the nonWoven ?bers. 
As another example, the reinforcing material may be 

secured Within the ?bers by mechanical entrapment and also 
is thermally, adhesively, and/or mechanically bonded or oth 
erWise attached to the nonWoven ?bers. Such materials may 
be formed by numerous processes. For example, the reinforc 
ing material and the polymer used to form the reinforcing 
element may be selected to have a particular softening point, 
and the resulting structure may be point bonded or through air 
bonded at a temperature above the softening point of each to 
fuse the polymeric ?bers and the reinforcing material and 
increase the integrity of the resulting nonWoven fabric. 

Various aspects of present invention may be illustrated 
further by referring to the ?gures. For purposes of simplicity, 
like numerals may be used to describe like features. It Will be 
understood that Where a plurality of similar features are 
depicted, not all of such features are necessarily labeled on 
each ?gure. While various examples are shoWn and described 
in detail herein, it also Will be understood that any reinforcing 
material may be used With any silt retention material 
described herein or contemplated hereby. 

In FIG. 1, a reinforced silt retention sheet 10 generally 
includes a sheet, blanket, or Web 12 comprising a geotextile 
fabric or other, similar Water-permeable ?lter material to 
Which reinforcement elements or belts 20 are attached in 
spaced series. In this and other aspects of the present inven 
tion, the Water-permeable Web of ?lter material 12 can be 
formed any suitable from Woven or nonWoven, natural or 
synthetic material. In this example, the reinforcement ele 
ments 20 are applied to the Water-permeable Web 12 such as 
With lines of stitching 24. HoWever, as discussed above, the 
reinforcement elements 20 may be attached to the Water 
permeable Web 12 by any other appropriate means, such as 
adhesives, hook-and-loop fasteners, staples, etc., or any com 
bination thereof. The reinforcement belts support and provide 
reinforcement points at Which fasteners can be attached to the 
Web 12 for securing the Web to stakes or other supports. 
As shoWn in FIG. 1, the exemplary reinforced silt retention 

sheet 10 also includes a reinforcement border 22 attached to 
the edge of the Water-permeable Web 12. The reinforcement 
border 22 further helps to strengthen the Water-permeable 
Web 12 and provide an additional area for attaching fasteners 
thereto. 

FIG. 2 shoWs the reinforced silt retention sheet 10 of FIG. 
1 fastened to ground supports, such as stakes 50, by fasteners 
60. The stakes 50 typically are Wooden or metal, but can be 
formed from of any other resilient, durable material capable 
of supporting the Web. In this and other aspects of the inven 
tion, the fasteners 60 may include staples, pins, nails, rings, 
clips, or any other suitable fastener for securing the Web to the 
stakes, depending on the type of stakes used. The fasteners 60 
are fastened to the stakes 50 and inserted through the rein 
forcement elements 20 and the reinforcement border 22 to 
retain the sheet 10 in place. In this manner, the sheet 10 may 
be securely positioned at desired locations for ?ltering runoff 
Water?oWs passing through the Water-permeable Web 12 
While preventing the passage of silt or debris therethrough. 
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The reinforcement elements help support the Web on the 
stakes 50 by providing enhanced strength at the points of 
engagement of the fasteners 60 With the Web to resist tearing 
of the Web as silt and dirt build up thereagainst. 

FIG. 3 shows an alternative embodiment of a reinforced silt 
retention sheet 110 according to the present invention. In this 
embodiment, the reinforcement elements 120 generally com 
prise patches or strips distributed or applied at selected loca 
tions across the sheet of the Water-permeable material or Web 
112. The reinforcement elements 120 may be attached to the 
Water-permeable Web 112 as discussed above With regard to 
attachment of the reinforcement elements 20 to Web 12. As 
discussed above, the Water-permeable Web 112 of the present 
invention may be any suitable material used to retain silt and 
debris While alloWing passage of Water therethrough. The 
reinforcement elements 120 may be distributed along the 
sheet 110 in any appropriate or desired number or pattern to 
provide multiple spaced areas of reinforcement and/or attach 
ment. The Web is attached via fasteners applied through the 
reinforcement elements to attach the Web to supports such as 
stakes and prevent or resist tearing or pulling of the Web aWay 
from the supports as Water passes therethrough. 

FIG. 4 illustrates another example of a reinforced silt reten 
tion sheet according to the present invention. In this embodi 
ment, the silt retention sheet 210 is formed of a nonWoven, 
Water-permeable Web 212 composed of a suitable polymeric 
material. Reinforcing elements 220 are attached at spaced 
locations across the Width of the Web 212 by appropriate 
means, such as stitching, adhesion, felting, stapling, riveting, 
etc. The reinforcing elements 220 in this embodiment gener 
ally are bands that extend longitudinally along portions of the 
Web 212 to provide points of attachment of fasteners to the 
sheet 210. The bands may be formed of various materials, 
such as Woven polymeric belts, plastic strips, tWisted or spun 
yarns, cord, ropes, spun ?bers such as ?berglass, or other 
suitable structures. The reinforcing bands 220 enable attach 
ment of the Web 212 to ground supports With various desired 
spacing betWeen the supports as needed. 

FIG. 5 shoWs yet another embodiment of a reinforced silt 
retention sheet 310.As With the silt retention sheet 210 shoWn 
in FIG. 4, the silt retention sheet 310 generally includes a 
Water-permeable, Woven, or nonWoven ?ltering material 
body or Web 312 to Which a series of reinforcing elements 320 
are attached. The reinforcing elements 320 generally are 
composed of a plurality of reinforcing strips or strands 322 
that are aligned in proximity With each other to form bands 
extending along the Web 312. The reinforcing strands 322 
may be formed from various materials including, but not 
limited to, polymeric ?laments, such as polypropylene, poly 
ester, or nylon 6,6, spun or Woven yarns, cord materials, 
scrim, ?berglass, aramid ?bers or other, high strength, ?ex 
ible materials, or any combination thereof. 
As shoWn in FIG. 5, the reinforcing strands 322 are aligned 

in proximity to each other but do not intertWine or overlap. 
The reinforcing strands 322 can be attached by a variety of 
means to the Web 312, including threading or Weaving the 
strands through the Web, felting, heat fusion or simply can be 
disposed Within the Web 312 during manufacture of the Web. 

The proximity of the reinforcing strands 322 to each other 
to form the reinforcing elements 320 tends to increase the 
strength of the sheet 310 in and around the reinforcing ele 
ments 320, even though the reinforcing strands do not inter 
tWine or overlap. Nonetheless, the reinforcing strands 320 
impart su?icient strength to the silt retention sheet 310 to 
reduce the incidents of tearing, separation, and pulling of the 
Web 312 When the sheet 310 is fastened to support members 
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10 
by fasteners attached to the sheet 310 at the reinforcing ele 
ments 320, as discussed above With reference to the sheet 10 
ofFIGS. 1 and 2. 

FIG. 6 shoWs a further alternative silt retention sheet 410 of 
the present invention in Which an array 424 of reinforcing 
strands 422 is provided. As shoWn in FIG. 6, the reinforcing 
strands of the array 424 intersect and overlap each other 
across at least a portion of the silt retention sheet 410. The 
array 424 further typically can include one or more bands 421 

of reinforcing materials that make up the reinforcing ele 
ments 420. The bands 421 generally are composed of tWo or 
more reinforcing strands 422 that are aligned adjacent to each 
other in closer proximity than the other strands Within the 
array 424. The reinforcing strands of the bands 421 generally 
are aligned parallel to each other and may contact or overlap 
each other to form the bands 421. In this embodiment, the 
reinforcing elements 420 constitute areas along the sheet 410 
that have higher concentrations of reinforcing strands 422 
than the average concentration of strands on the sheet 410. 
The array 424 of reinforcing strands generally strengthens the 
Web 412 to Which it is attached. In the example shoWn in FIG. 
6, the Web 412 is composed of a nonWoven material, such as 
a spunbond polypropylene or polyester, or any of the other 
materials described herein or contemplated hereby. The rein 
forcing strands of the reinforcing elements 420 and the array 
424 may be attached to the Web 412 by various means, such as 
adhesion, heat fusion, impregnation, Weaving, stitching, felt 
ing, etc. 

FIG. 7 shoWs a further alternative embodiment of the rein 
forced silt retention sheet 510, Which includes a ?rst Water 
permeable nonWoven Web 512a on Which is layered on a 
second Water-permeable nonWoven Web 512b. As used 
herein, the term “layered on” refers to the orientation of one 
article or element relative to another and generally means that 
at least a portion of one element is applied to another element 
in an overlapping and parallel relationship. An array 524 of 
reinforcing strands is disposed betWeen the ?rst and second 
Webs 512a and 512b and includes one or more bands 521 

formed of reinforcing strands that constitute reinforcing ele 
ments 520 ofthe sheet 510. Although the Webs 512a and 512b 
shoWn in FIG. 7 generally are nonWoven, the silt retention 
sheets may be formed from Woven Webs, as discussed above. 
For example, the reinforced silt retention sheet of the present 
invention may include one or more nonWoven Water perme 

able Webs layered on one or more Woven Water-permeable 
Webs that tend to prevent the passage of silt and debris there 
through. The Webs may be layered upon and secured to each 
other using various means, such as adhesion, interWeaving, 
stitching, felting, heat fusion, etc. Although FIG. 7 depicts an 
array 524 of reinforced strands that form in part the reinforc 
ing elements 520 of the sheet 510, it is to be understood that, 
in this and other aspects of the invention, other reinforcing 
elements and combinations thereof shoWn in the various 
embodiments may be incorporated into a sheet in Which tWo 
or more Webs are layered on each other. 
The reinforced silt retention fabric may be designed to have 

various properties, as needed or desired for a particular appli 
cation. It Will be understood by those of skill in the art that 
depending on the particular application and the particular 
jurisdiction in Which the silt retention material is used, vari 
ous minimum physical property and performance require 
ments may apply. By Way of example, and not by limitation, 
the minimum requirements for the state of Georgia for vari 
ous applications are presented in Tables 1 and 2 (Manual for 
Erosion and Sediment Control in Georgia, 2000). 
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TABLE 1 

Application 
Type Description 

A This 36-inch Wide ?lter fabric shall be used on 
developments Where the life of the project is greater than 
or equal to six months. 

B Though only 22-inches Wide, this ?lter fabric alloWs the 
same flow rate as Type A silt fence. Type B silt fence 
shall be limited to use on minor projects, such as 
residential home sites or small commercial developments 
Where permanent stabilization Will be achieved in less than 
six months. 

C Type C fence is 36-inches Wide With Wire reinforcement. 
The Wire reinforcement is necessary because this fabric 
alloWs almost three times the flow rate as Type A silt 
fence. Type C silt fence shall be used Where runoff flows 
or velocities are particularly high or Where slopes exceed a 
vertical height of 10 feet. Provide a riprap splash pad or 
other outlet protection device for any point Where flow 
may top the sediment fence. Ensure that the maximum 
height of the fence at a protected, reinforced outlet does 
not exceed 1 ft. and that support post spacing does not 
exceed 4 ft. 

TABLE 2 

Property Type A Type B Type C 

Minimum tensile strength (lb) Warp — 120 Warp — 120 Warp — 260 

(ASTM D-4632) Fill - 100 Fill - 100 Fill - 180 

(min. roll average of 
5 specimens) 
Maximum elongation (%) 40 40 40 
(ASTM D-4632) 
AOS — Apparent opening size #30 #30 #30 

(max. sieve size) (0.595 mm) (0.595 mm) (0.595 mm) 
(ASTM D-4751) 
FloW Rate (gal/min/sq.ft.) 25 25 70 

(GDT-87) 
Ultraviolet stability (% of 80 80 80 
required initial minimum 
tensile strength) 
(ASTM D-4632 after 
300 hours Weathering 
per ASTM D-4355) 
Bursting strength (psi) 175 175 175 
(ASTM D-3786) 
Minimum fabric Width (in.) 36 22 36 

The reinforced silt retention fabric may have any suitable 
basis Weight as needed or desired for a particular application, 
and generally may be from about 35 to about 275 grams per 
square meter (gsm). In one aspect, the basis Weight of the 
reinforced silt retention fabric is from about 50 to about 200 
gsm. In another aspect, the basis Weight is about 75 to about 
150 gsm. In yet another aspect, the basis Weight is from about 
100 to about 130 gsm. In one particular example, the basis 
Weight of the reinforced silt retention fabric is about 120 gsm. 

The reinforced silt retention fabric may have any suitable 
thickness as needed or desired for a particular application, 
and generally may be from about 0.1 to about 5 millimeters 
(mm). In one aspect, the thickness is from about 0.15 to about 
3 mm. In another aspect, the thickness is from about 0.2 to 
about 2 mm. In yet another aspect, the thickness is from about 
0.25 to about 1 mm. In another aspect, the thickness is from 
about 0.3 to about 0.7 mm. In one particular example, the 
thickness of the reinforced silt retention sheet is about 0.4 
mm. 

The reinforced silt retention fabric generally may have a 
maximum apparent opening size (AOS) of 0.595 mm (30 
mesh) or less, as measured according to ASTM D-4751. In 
one aspect, the maximum AOS is 0.595 mm. In another 
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12 
aspect, the maximum AOS is 0.500 mm (35 mesh). In another 
aspect, the maximum AOS is 0.420 mm (40 mesh). In still 
another aspect, the maximum AOS is 0.354 mm (45 mesh). In 
yet another aspect, the maximum AOS is 0.297 mm (50 
mesh). In another aspect, the maximum AOS is 0.250 mm (60 
mesh). In yet another aspect, the maximum AOS is 0.210 mm 
(70 mesh). In still another aspect, the maximum AOS is 0.177 
(80 mesh). 

In another aspect, the maximum AOS is less than 0.595 
mm. In yet another aspect, the maximum AOS is less than 
0.500 mm. In another aspect, the maximum AOS is less than 
0.420 mm. In still another aspect the maximum AOS is less 
than 0.354 mm. In yet another aspect, the maximum AOS is 
less than 0.297 mm. In another aspect, the maximum AOS is 
less than 0.250 mm. In yet another aspect, the maximumAOS 
is less than 0.210 mm. 
The reinforced silt retention fabric may have any suitable 

?oW rate therethrough as measured according to ASTM 
D-4491, and may generally be from about 35 to about 160 
gallons/minute/ square foot (gal/min/sqft). In one aspect, the 
How rate is from about 50 to about 140 gal/min/sqft. In 
another aspect, the How rate is from about 70 to about 125 
gal/min/sqft. In yet another aspect, the How rate is from about 
80 to about 100 gal/min/sqft. In another aspect, the How rate 
is at least about 50 gal/min/sqft. In still another aspect, the 
How rate is at least about 70 gal/min/sqft. In a further aspect, 
the How rate is at least about 90 gal/min/sqft. In another 
aspect, the How rate is greater than 50 gal/min/sqft. In one 
particular example, the Water ?oW rate through the reinforced 
silt retention fabric is about 95 gal/min/sqft. 
The reinforced silt retention fabric generally may have a 

tensile strength of at least about 100 lb in the Warp (machine) 
direction (“Warp tensile strengt ”), as measured according to 
ASTM D-4632. In one aspect, the Warp tensile strength is at 
least about 125 lb. In another aspect, the Warp tensile strength 
is at least about 150 lb. In yet another aspect, the Warp tensile 
strength is at least about 175 lb. In another aspect, the Warp 
tensile strength is at least about 200 lb. In still another aspect, 
the Warp tensile strength is from about 100 to about 150 lb. In 
another aspect, the Warp tensile strength is from about 200 to 
about 300 lb. In another aspect, the Warp tensile strength is 
from about 100 to about 350 lb. In one particular example, the 
Warp tensile strength of the reinforced silt retention fabric is 
about 124 lb. 
The reinforced silt retention fabric generally may have a 

tensile strength of at least about 75 lb in the ?ll (cross 
machine) direction (“?ll tensile strength”), as measured 
according to ASTM D-4632. In one aspect, the ?ll tensile 
strength is at least about 100 lb. In another aspect, the ?ll 
tensile strength is at least about 125 lb. In yet another aspect, 
the ?ll tensile strength is at least about 150 lb. In another 
aspect, the ?ll tensile strength is at least about 175 lb. In still 
another aspect, the ?ll tensile strength is from about 75 to 
about 100 lb. In another aspect, the ?ll tensile strength is from 
about 75 to about 150 lb. In yet another aspect, the ?ll tensile 
strength is from about 150 to about 250 lb. In another aspect, 
the ?ll tensile strength is from about 75 to about 450 lb. In one 
particular example, the ?ll tensile strength of the reinforced 
silt retention fabric is about 88 lb. 
The reinforced silt retention fabric generally may have a 

trapezoidal tear strength in the Warp direction (“Warp trap 
ezoidal tear strength”) of at least about 10 decaNeWtons (dN), 
as measured according to ASTM D-4533. In one aspect, the 
Warp trapezoidal tear strength is at least about 15 dN. In 
another aspect, the Warp trapezoidal tear strength is at least 
about 20 dN. In still another aspect, the Warp trapezoidal tear 
strength is from about 15 to about 60 dN. In another aspect, 


















