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1.0 Introduction
ClosureTurf ® is a patented, 3 Component System* that serves as the final cover system on landfills. ClosureTurf ®
Component 1 ‐ An Agru Super Gripnet®, AGRU MicroDrain
Or (AGRU MicroSpike geomembrane)
Component 2 ‐ An Engineered Turf
Component 3 ‐ A sand infill (or alternatively, HydroBinder® infill)
*A Watershed Geosynthetics patented (patent no. 8,585,322) gas collection system is a separate component to
be utilized on sites that produce gas emissions. Pressure Relief Valves are provided at one per acre of ClosureTurf®
on landfills where gas emissions are expected. Engineer of Record is responsible for matching the gas system
design to the flow properties of each site.
In addition to the ClosureTurf® Design Guidelines document, product specific Installation Guidelines documents
as well as Specifications and other technical data are also available at www.watershedgeo.com.

1.1 Purpose and Scope
This manual contains guidance to aid in the design of final landfill closures utilizing ClosureTurf ® as the
primary final cover system. General Design Guidelines are covered in the main text, and product specific
items are found on the Product Data Sheets. As with any landfill liner design, it is imperative that a proper
design be combined with a proper installation of these products. See Figure 1 below.

Figure 1: ClosureTurf® System
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This manual is provided as a guideline only. Watershed Geosynthetics LLC cannot anticipate the many
ways this product may be applied either in design or installation. Varying site conditions will require close
coordination between the engineer and the installer to account for any changes and adjust accordingly.
When required by state and/or local regulations, a licensed professional engineer or architect will be
required.

2.0 Landfill Cover Design Best Practices using ClosureTurf®
ClosureTurf ® is a product that is used as the final surface on landfills and Coal Combustion Residual (CCR)
covers. Since the final application of the product should be as maintenance free as possible, certain best
practices for cover design should be implemented in advance of final closure. Over the long term, a large
amount of settlement both at the base of the landfill and the differential settlement of some waste
profiles can cause grades to reverse and cause pockets where surface water may not drain properly. The
following sections will look at specific closure cover design techniques meant to make a ClosureTurf®
cover system as maintenance free as possible. Additionally, this manual explains specific unique methods
to mitigate storm water issues that have not been addressed before ClosureTurf® was available in the
marketplace.

2.1 Typical Landfill Cross Section
Typical closed landfills range in side slope from 2H:1V to 4H:1V (Horizontal:Vertical). Over time, these
slopes settle yet usually will not reverse grade due to their initial steeper slope. However, problems may
arise when the top deck of the landfill has been designed with very slight slopes (typically less than 5%).
Settlement calculations must be done for both the expected base settlement of the landfill and the
expected differential settlement of the waste profile within a given landfill. Typically, a coal ash type of
waste will not have the differential settlement that a municipal solid waste (MSW) type of landfill waste
will have. However, over time the combination of base settlement and differential settlement can be
surprising.
The settlement problem can become more of an issue when diversion berms have been placed on the
side slopes. Settlement calculations are one key to a good, long lasting design. Figure 2 shows typical
settlement design concerns when planning for a ClosureTurf ® cover system.
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Figure 2: Typical Landfill Cross Section

2.2 Diversion Berms and Benches
Diversion berms and benches on ClosureTurf ® cover systems should be designed as regulatory
requirements dictate. For channel slopes between 3 and 5%, and where shear is less than 0.8 pounds per
square foot (psf), sand or gravel infill may be used. When benches are utilized, stone may be placed in the
bench to alleviate cold weather bridging along the inverted grade. Figure 3 shows a typical Diversion Berm
scenario.

Figure 3: Typical Diversion Berm
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2.2.1 Benchless Design with ClosureTurf®
Extensive testing of sand infill has shown that a coarser, more well graded sand will greatly increase the
distance required between drainage structures. This improvement to the sand infill allows for a
benchless design that leaves diversion berms and down slope channels out of the design completely, or
at least greatly reduce the need. This is an innovative improvement to the product that will raise the
Time of Concentration (Tc) values.
By utilizing ClosureTurf ®, the designer enjoys the savings gained from not having to account for the 67
cubic yards of sediment storage, and not having to design for Water Quality Volumes (WQ).

2.3 Landfill Access
The ClosureTurf ® cover system can be driven upon under certain stress conditions. Extra care will need
to be used according to the load placed on the system. As shown in Figure 5, areas that receive a higher
amount of light traffic will require 1 inch of sand and/or 4 to 6 inches of gravel to act as a cushion layer
between the sand and vehicle contact. Detailed calculations of three different vehicle loads are in Section
6.0 Survivability/ Drivability Calculations.
A Typical Light Access Road is shown in Figure 4. Where heavier and more frequent travel is required,
refer to the Heavy Access Road in Figure 5. This is a typical detail and will need to be designed for actual
loads by the professional engineer of record.

Figure 4: Light Vehicle Access Road Section
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Figure 5: Landfill Access Road Section

2.4 Anchor Trenches
ClosureTurf® only relies on the anchor trenches to serve as a termination point. Top anchor trenches
should be backfilled as quickly as practical after Engineered Turf Component is installed (prior to sand infill
placement).
Vertical anchor trenches as well as anchor trenches along the toe will not be backfilled until sand infill of
the engineered turf is in place, unless previously approved by the POR. Anchor trench dimensions will be
shown in the drawings.
Backfilling or sand bag loading the bottom and side anchor trenches should be considered and applied
when cool temperatures are anticipated to assist with creep reduction.
When HDPE material is utilized, additional anchoring methods may be required to reduce wrinkling due
to the overnight contraction of the material. Contraction of the HDPE material may be site
specific/seasonal and should be discussed onsite to develop an effective method to alleviate potential
issues.To get a final aesthetic look that reduces wrinkling, the product needs to be installed and allowed
to relax over the course of construction while the infill is finalized. At this point, the anchor trenches may
be filled and compacted. Note that all anchor trench designs will need to be reviewed and approved by
the engineer. Examples shown are typical scenarios only. The project engineer is responsible for designing
the proper size anchor trench for the specific site conditions.
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Figure 6: Typical ClosureTurf ® Anchor Trenches at Top and Bottom of Slope

2.6 ClosureTurf® with Stone Infill for Ditches
When ClosureTurf ® is installed in ditches and stone infill is placed in lieu of sand infill, bridging due to
large temperature swings can be alleviated while providing adequate protection from shear. See Figure
7.

Figure 7: Typical ClosureTurf ® with Stone Infilled Ditch
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2.6.1 ClosureTurf® with HydroBinder® Infill for Downslope Channels
ClosureTurf® downslope channels are easily constructed by changing the infill to HydroBinder®. Following
the HydroBinder® Installation procedures, final placement of HydroBinder® is fast and effective. Figure 9
shows typical downslope channel sections and how they may be designed according to whether waste
will be removed. Figure 9 shows the typical HydroBinder® infill placement area for downslope channels.
Important: When HydroBinder® is utilized, it is important not to block the flow that occurs in the Super
Gripnet® with heavy structures such as Rip Rap Check Dams.
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Figure 8: Typical Downslope Channel Sections
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Figure 9: Typical HydroBinder® Infill Placement in Downslope Channels
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2.7 Energy Dissipation
As with any landfill closure, proper energy dissipation at the base of the ClosureTurf® with HydroBinder®
downslope channels is necessary. Internal energy dissipators, stilling basins, scour holes or a combination
of these may be necessary to properly convey high surface water velocities at the toe of slope and/or
around sharp angles. Downslope channel velocities are typically high. HydroBinder® infilled ClosureTurf®
will be able to better handle these high velocities and will not fail under very high shear stresses. Proper
energy dissipation techniques can be found in FHWA Circular Number 14 (HEC 14) “Hydraulic Design of
Energy Dissipators for Culverts and Channels,” Sept. 1983, revised 1995. See Section 5.0 Hydrology for
further hydrologic parameters.
Important: Because longer drainage lengths are possible with ClosureTurf®, the requirement to concentrate water in
benches to get it off the cover system may be eliminated or greatly reduced. The ability to maintain sheet flow for
extended distances is a major advantage to utilizing ClosureTurf®. Less diversion berms and downslope channels will
mean longer Travel Time values and will help to alleviate peak storm timing.
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3.0 Product Data Sheets
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4.0: Stability
The sand infill is held in place by the coarse sand and the unique structure of the engineered turf that traps the sand to
anchor and ballast it to the surface it covers.

4.1: Interface Direct Shear Testing
Below are test results of the Interface Direct Shear Testing done on the ClosureTurf® product as it relates to Super
Gripnet geomembrane to Engineered Turf interface.
Low Normal Shear Box

Figure 10: Interface Direct Shear with Low Normal Stress at 10, 20 and 50 (psf). Engineered Turf and Agru 50 mil LLDPE
Super Gripnet®.
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4.2: Wind Uplift
A study was performed on the wind uplift reactions by the Georgia Tech Research Institute. The
ClosureTurf® product indicated very small uplift (i.e. less than 0.13 psf) when exposed to 120mph winds.
This is in contrast with other exposed geomembranes where extensive anchoring is required even for
50mph winds.
ClosureTurf® technology provides features that help mitigate the forces of wind, such as a porous surface
to break vacuum and turf blades that will increase the aerodynamic turbulent flow boundary conditions
and blades bending/reacting against the wind causing a resistance to the uplift component.

Figure 11: Georgia Tech Research Institute Wind Tunnel Chart Uplift Pressure vs. Wind Velocity
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Figure 12: Sand Ballast Minimum Requirement at the Perimeter of Engineered Turf Installation
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Figure 13: Minimum Sand Ballast Requirement in the Interior of Engineered Turf Installation
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4.5 ClosureTurf® Grain Size Curve Parameters
ClosureTurf® requires that specialized mixture of sand infill be placed in the engineered turf. The
sand utilized for ClosureTurf® will be approved and supplied by WatershedGeo®. If for some reason
WatershedGeo does not supply the sand infill, the sand procured by others will be evaluated ASTM
D6460 and demonstrate cumulative sand material loss of less than 0.1 inch during flow conditions
with a shear stress equal to or greater than 0.80 psf or minimum required shear stress per the
Engineer of Record, whichever is greater.
Example particle size distributions that range between a typical manufactured sand and the ASTM
#9 aggregate as presented in Figure 14 have been shown to meet the performance criteria as
described above.

Figure 14: Example Infill Gradations

5.0 Hydrology
5.1 DE‐tention, Not RE‐tention
Any ClosureTurf® design will be able to take advantage of the Detention of storm water rather than the
erosion control method of Retaining storm water. With ClosureTurf®, storm water is simply ‘DE’‐tained
long enough to mitigate downstream flooding. This allows space in the pond previously allocated for
sediment storage and Water Quality Volumes to be used only for the safe conveyance of the design
storm event.
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5.2 ClosureTurf® Hydrology Parameters
Currently, many regulatory agencies are requiring run‐off curve numbers (CN) of 95‐98 for a typical landfill
closure. The ClosureTurf®’s CN has been determined to be between 92 and 95. This number was derived
by TRI Environmental, Inc. and Colorado State University Hydraulics Laboratory in separate tests. Table 2
below shows the typical TR‐55 design parameters for Hydrology using ClosureTurf®.

ClosureTurf® Hydrology
TR‐55 Data
Curve Number Depends on
Rain Intensity
Manning's n
Flow Length
2yr‐24hr Rain
Sheet Flow

Shallow Concentrated Flow

Channel Flow

921 ‐ 95
0.11
100'
SCS

Land Slope

design

Flow Length
Slope
Surface (paved/unpaved)
X‐Sect Area

design
design
Unpaved
ft2

Wetted Perimeter

Linear Feet

Channel Slope
Manning's n
Flow Length

ft/ft
0.02
design

Flow Length

design

1. CN ranging from 92 in High Intensity Rainfalls to 95 in normal rainfall events.

Table 2: ClosureTurf® TR‐55 Data
The engineered turf portion of ClosureTurf® will have a Manning’s ‘n’ under sheet flow that is 0.12 on slopes
greater than 10% and 0.22 on slopes less than 10%. In most cases, the travel time for sheet flow will have the
greatest impact to the overall Tc.

5.3 Drainage Length
Critical slope length is defined as the drainage length between the top of slope and benches or swales
where the system will discharge the flow. Maximum drainage lengths will vary according to the storm
event designed for and the region in question. Testing has shown sand losses of less than 0.05 inches with
shear stresses exceeding 1.0.
By utilizing the simple shear equation gds where g= the weight of water (62.4 lbs/ft3); d = depth (ft) and
s = slope (ft./ft.), the sand will perform better where this simple shear is less than 1.0.
Page 22

Regulations usually require adherence a particular storm event. Since storm events such as the 100 yr 24
hr event only produce fractions of inches of total rainfall per hour, the designer will need adhere to a
higher intensity, shorter time period event such as the 100 year 1 hour event to reduce the likelihood of
inundating the sand on steeper slopes when this occurs.

6.0 Survivability / Drivability Calculations
An evaluation of drivability was completed by SGI Testing Services. Additionally, an independent Vehicle Travel
Design was completed. Parameters from those reports are used in the examples below.
Problem:
1. Evaluate the puncture resistance/material survivability of the ClosureTurf® system.
Vehicle Details:
A.
B.
C.
D.
E.

Kubota Crawler Dumper Weight = 6,000 lbs
Kubota 1,300 lbs plus payload of 1,600 lbs Weight = 2,900 lbs
Pick‐Up Truck, Loaded Weight = 6,000 lbs
Rubber Tire Bobcat Weight = 3,000 lbs
Tire Pressure = 30 – 40 psi

A. Evaluate the puncture resistance of ClosureTurf® geotextiles under the tire pressure of access
equipment.
First, using a pick‐up truck with a weight of 8,000 lbs and a contact tire area of 0.53ft² or a 0.82 ft
diameter circle area determine the tire contact pressure.
Weight per Wheel = 8,000 lbs/4 wheels = 2,000 lbs/ wheel
Tire Contact Pressure =

=

Tire Contact Pressure = 26 psi

≈

= 3,703 lbs/ft² = 26 psi
30 psi

OK

Then estimate the average strength of the geotextiles. The mean strength of the ClosureTurf®
engineered turf in machine direction, Tensile MD, is shown on Figure 19 and the mean strength of
the ClosureTurf® engineered turf in cross‐machine direction, Tensile XD is on Figure 20 below.
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7.0 Gas Management Plan
Landfills produce emissions continually and have no "on or off" switch to prevent gas releases from occurring as
a result of poorly tuned gas collection systems, system malfunction or even during construction phases of the
landfill. It must be acknowledged by the engineer of record and operators who incorporate ClosureTurf® that
emissions are continuous in landfills and a method of managing the emissions are a responsible part of the design
and operation of a landfill. A gas management plan will be developed by the design engineer. The application and
design concept of the gas venting systems described in this document are covered under U.S. Patent No.
8,585,322.

7.1 Minimum Requirements
The gas management plan will include at a minimum, the use of provided ClosureTurf® Pressure Relief Valves,
(See Figure 17) to meet the specific needs of the intended site. The minimum required gas emission venting
devices will be installed at a rate of at least one vent per acre of installed ClosureTurf® (See Figure 15).
Watershed Geosynthetics LLC supplies the minimum number of Pressure Relief Valves with delivery of the
ClosureTurf® product. The valves must be installed on sites that produce gas to validate any warranties.
Design Engineer will be responsible for designing the correct amount of Pressure Relief Valves as well as any
other design elements required for the site.
Pressure Relief Valves are designed to convey a maximum of 50 SCFM (Standard Cubic Feet Per Minute) under
1 inch of water column. Design Engineer will be responsible for designing the correct amount of Pressure
Relief Valves required for the site.

7.2 Surficial Collection Design (Where Applicable)
While it should be noted that not all projects will incorporate a surficial collection design, the ClosureTurf®
System serves as an effective tool for control of fugitive emissions and can be incorporated into a conventional
gas collection system or in some cases as a standalone gas collection and control system. A ClosureTurf®
surficial collection design will incorporate the use of surficial collection strips (See Figure 16) that provide high
flow capacity and a larger radius of influence. The system design will also incorporate the surficial collection
foot (See Figure 18) that serves as a wellhead base, geomembrane interface and gas conveyance path from
the strips to the collection wellhead (not provided by WatershedGeo®).

7.2.1 Surficial Strips (Where Applicable)
Surficial strips are to be placed prior to the placement of geomembrane. Surficial Strips may consist of
SuperGripnet®, single sided geocomposite or other techniques that will allow for the proper flow of gas
without causing ballooning. The placement of the strips will be determined by the design engineer and
included in the gas management plan.
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Figure 15: Typical Surficial Collection Strip Placement

Figure 16: Effective Cross Sectional Area: Surficial Strips
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7.2.2 ClosureTurf® Pressure Relief Valve
The Pressure Relief Valve is a mandatory component of the ClosureTurf® System. The primary purpose of
this component is to provide for necessary release of pressure in the event the gas collection system
malfunctions. The number of Pressure Relief Valves required will be determined by the POR and installed
during construction of the ClosureTurf® System.

Figure 17: ClosureTurf® PE Pressure Relief Valve (Patent Pending)
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7.2.3 ClosureTurf® Collection Foot
This device is designed to be the interface between the surficial collection strips, the geomembrane and
a gas collection wellhead (not provided). The unit allows vacuum to flow in from beneath the
geomembrane and from the surficial collection strips to create a larger radius of influence for gas
collection. Placement will be determined by the gas collection system design

Figure 18: ClosureTurf® Surficial Collection Foot Connection to GCCS System
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Figure 19: ClosureTurf® Passive Gas Vent
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