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Designing with Geocomposites Chap. 8

TABLE 8.4 ESTIMATES OF REQUIRED FLOW RATES (DISCHARGE) FOR WICK
DRAINS

- Required Flow Rate*  Normal Stress Hydraulic
¢ Source (Umin) (kPa) Gradient

den Hoedt [31] 0.17 — —
Kremer et al. [32] 0.30 100 0.62
Kremer et al. [32] 0.09* — .-
Kremer et al. [33] S ) | 15 ' 1.00
Holtz et al. [34] 0.23 400 —_
Koermer et al. [35] 0.10 in situ 1.00
Rixner et al. [28] 0.19 in situ 1.00
Holtz and Christopher [36) 0.95 in situ 1.00
Bergado et al. [37) 0.76 in situ 1.00
’ 047t in situ 1.00

*Note, in the literature many authors use the unit of m*/yt for the required rate. 1.0 Vmin =
526 m*fyr - : -
In flattened S-configuration, i.e., in deformed state.

RF g, = reduction factor for biological clogging of the geotextile or within the
drainage core space.

A guide for typical values in Eq. (8.10) is presented as Table 8.5 (compare. this with
Table 4.2 for geonets). Note, however, that wick drains are temporary construction ex-
pedients, thus the chemical and biological clogging potential is probably quite low.
Creep is dependent on the time the strip drains are required and the normal stress aris-
ing from the depth within the soil to be consolidated. For intrusion RF y, ASTM D4716
can be evaluated with soil above and below the wick drains. In this case, the intrusion
reduction factor would be included as a value of unity. Now, having an in situ modified -
value of g0,  traditional design-by-function can be performed. See Example 8.4.

TABLE 85 RECOMMENDED REDUCTION FACTORS FOR EQ. (8.10) TO DETERMINE ALLOWABLE
FLOW RATE OF DRAINAGE GEOCOMPOSITES (WICK DRAINS, SHEET DRAINS AND EDGE
DRAINS)

Application Area RFy RFZ& RFcc

Sport fields . 1.0to1.2 '1.0to 1.2 1.0to 1.2 1.1to13
Capillary breaks 11to1.3 10to12 1.i1tol5 1.1to13
Roof and plaza decks . 12t014 1.0to 1.2 1.0t0 12 11tol3
Retaining walls, seeping rock and soil slopes 13t01.5 12to1.4 11tol5. 10t0 1.5
Drainage blankets 13to 15 12t0o14 1.0to 12 1.0t012
Surface water drains for landfill caps 13t01l.5 12to 14 1.0to 1.2 12to1.5
Secondary leachate collection (landfill) 151t02.0 14t02.0 15t020 15t020
Primary leachate collection (landfill) 151020 1l4to2.0 15t020 1.5t010
Wick drains® 15t02.5 10t025 10t012 10t012
Highway edge drains 12t01.8 1.5t03.0 1.1t05.0 10to1.2

“These values assume that the ultimate value was obtained using an applied normal pressure of approx-
mately 1.5 imes the field anticipated maximum value. If not, the values must be increased.

YAn additional term for kinking should be included, where RFxs = 1.0t0 4.0.
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Figure 8.12 Side and front views of laboratory kinking test device.' f:
, X 2
For the allowable flow rate g,y the ultimate flow rate from a ASTM D4716 t?a'
method should be obtained (recall Section 4.1.3). Typical values of ultimate flow rate ]
a hydraulic gradient of 1.0 under 200 kPa normal stress vary from 2.5 to 5.0 /min for;"
100 mm wide wick drain. This value must then be reduced on the basis of site specif

reduction factors, %;
. "';f
_ [ 1 ] (810

. QEJIOW ] Qu.h RFW X RFCR X RFCC % RFBC D. i

where

qauow = a]lowable flow rate to be used in design,
Guit
tests,
RFy = reduction factor for elastic deformation of the adjacent geotextile in-
truding into the drainage core space,
RFz = reduction factor for creep deformation of the drainage core itself
and/or intrusion of the adjacent geotextile into the drainage core space

RF . = reduction factor for chemical clogging and/or precipitation of chezmcalsl

onto the geotextile or within the drainage core space, and
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Purpose of Calculation

Use the 1996 LDS flow capacity and pump sizing calculation to determine if proposed
changes in the 2007 trench design require changes to the LDS or associated piping and
pumps.

Method

The flow to sumps will be calculated.

The sump flow elements will be sized to handle the flow.

Calculate action leakage rate (ALR) for cell 12 sumps

A pump capable of evacuating the flow from the sumps will be specified.
Analysis

Applicable Regulations

As provided in the 1996 LDS Calculation, the regulatory definition of the ALR is the
maximum design flow rate the LDS can convey without the fluid head on the secondary
composite liner exceeding one foot.

™

Geometry

The typical bottom liner is shown below.

Figure 1. Typical Trench Bottom Configuration

LCRS DOUBLE-SIDED GEOCOMPOSITE

80 mil HDPE FML,
TEXTURED BOTH SIDES

LDS DOUBLE-SIDED GEOCOMPOSITE

60 mil HDPE FML,
TEXTURED BOTH SIDES

30" OPERATIONS
LAYER

GEOSYNTHETIC CLAY LINER (GCL)

‘ S e e T

LSS
9" PREPARED SUBGRADE

There are three sumps in the Trench 12 design. The typical geometry is shown below.



Figure 2. Typical Sump Layout
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TYPICAL TOP OF SLOPE ANCHOR (SEE NOTE 1)

SEE DETAIL
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Flow Capacities

The following flow elements will be used in the LDS.

o Double sided geocomposite (GSE Fabrinet 8 ounce/ydz).
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s Gravel (clean, poorly graded, nominal %" diameter) used in the sump only.

The double sided geocomposite is used in the slope liner LDS as well as in the bottom
liner as shown in Figure 1. A continuous strip of geocomposite will be used for each
system. Therefore, flow within in the LDS will be controlled by the minimum bottom

- slope.

Flow within the Geocomposite is calculated using Darcy’ s Equation (which assumes
laminar flow within the net). The reference for the formula below is included in the
attached 1996 calculation references.

g=0, *i
Where
g = flow per unit width

®,, =effective transmissivity
i = hydraulic gradient

Flow within the gravel also uses Darcy’s formula, however, transmnssnvuty is replaced
with hydraulic conductivity and the thickness of the flow area.

Effective transmissivity for the geocomposite is calculated by applying several safety
factors to the published transmissivity value. The following formula i§"used for that
calculation. Definitions are provided in the references of the atiached 1996 calculation.

.0

e, =
T (FSq x FSp, x FSep x FS,y..)

The following table shows the unit flow capacity for the geocomposite and the gravel
based on the applicable transmissivity, or hydraulic conductivities, hydraulic gradients,
and safety factors. Also, the flow through a drainage net was considered in the event
that flow through the geocomposite was not sufficient.

Flow Element ® F SCR F Sm FSCC F Sgc @Eﬂ‘ i q q
Units gal/min/ft | NA NA NA [ NA | gal/min/ft | NA | gal/min/ft | gal/day/fi
GSE Fabrinet UF 435 - 14 1.5 1.5 1.5 0.92 0.01 0.0092 13
8 ounce/yd’
GSE HyperNet 38.64 14 1.5 1.5 1.5 8.18 0.01 0.0818 118
UF
GSE Fabrinet UF 435 14 1.5 1.5 1.5 0.92 0.1 0.0921 133
8 ounce/yd’ '
GSE HyperNet 38.64 1.4 1.5 1.5 1.5 8.18 0.1 0.8178 1178
UF .

~ Transmissivity values are provided by the manufacturer as included in the references.
Safety factors are taken from the literature (Koerner 1998). Flow capacities are shown
at hydraulic gradients of 1 percent and 10 percent for the nominal cell bottom slope and
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the minimum sump slope, respectively. Since the gravel is used only within the sump
boundaries around the riser pipes, flow capacities are calculated for the geocomposite
only.

Controlling Section ‘ .

As shown in the typical sump layout figure, there are two potentially controlling sections:
1) the 7'x 7’ LDS perimeter at 15" thick; and 2) the perimeter at the grade break
between the 1 and 10 percent slopes

Using EPA guidelines, the sumps will be designed for a maximum ALR of 200 galions
per acre per day (gpad). Total area contributing to each sump (including floor and
sidewalls) and total flow for each cell are shown in the table below and are calculated
as Total Area*ALR = Total Flow.

Sump Total Area ALR . Total Flow (ALR)
(acres) (gpad) (gpd)
12A 4.45 200 890
12B 3.45 200 690
12C 3.26 200 652

Since the maximum flow to the sump is only about 0.6 gpm (Sump 12A ALR), the EPG
Vertical Sump Drainer, Model No. 12-5 (with a pumping capacity of 50 gpm at 125 feet)
or equivalent provides more than adequate capacity. It is anticipated that liquid will be
allowed to accumulate in the LDS until sufficient volume is present to remove efficiently
with a pump. At no time however, would more than 12 inches of fluid be allowed to
collect over the liner system.

Each sump has a perimeter of 70 feet at the grade break between 1 percent and 10
percent slope. The following table shows the minimum length (i.e., perimeter required
to accommodate the total flow for each sump using the various flow elaments. Since
gravel is not used outside of the sumps, perimeters are calculated for only the
geocomposite.

Total Flow (ALR) / Flow Capacity through Geocomposite (GSE Fabrinet UF at a slope
of 0.01) as calculated in the table above = Length of Geocomposite required at its
discharge point into the sump (i.e., the exterior perimeter of the sump). The calculated
perimeter length must be less than 70 to prevent leachate backups.

Flow Capacity Through GSE
Fabrinet UF Perimeter Length
Total Flow (ALR) ati=0.01 Flow ati=0.01
Sump (gpd) (gpd/ft) (ft)
12A 890 13 68
12B 690 13 53
12C 652 13 50
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At the 1 percent to 10 percent perimeter grade break, single geocomposite layers are
adequate for the 70 feet long perimeter of all sumps without the need for additional

drainage net thickness (or higher capacity) to increase flow.

Instead of calculating the needed sump perimeter, the following table calculates the
design flow into each sump using the 1996 and 2007 sump design (of 70 feet) and
compares it to the required ALR.

(Sump Perimeter (ft)) * (Flow Capacity through Geocomposﬁe (gpd/ft)) / (Total Area
(acre)) = (Desngn Flow (gal/acre/day))

Design Flow must exceed Required ALR to prevent backups on the liner.

Flow Capacity
Total Sump Through GSE
Flow - Total Perimefer at Fabrinet UF
ALR Area i=0.01 ati=0.01 Design Flow Required ALR
Sump (gpd) (acres) (ft) (gpd/ft) (gal/acre/day) {(gal/acre/day)
12A 890 4.45 70 13 204 200
12B 690 3.45 70 13 264 200
12C 652 3.26 70 13 279 200

Within the 7'x7’ area immediately surrounding the LDS intake, the perimeter is 21 feet
as shown in the typical sump layout figure. As shown in the table below, a single
geocomposite layer has sufficient flow capacity to accommodate the design ALR
without the need for additional drainage netto i lncrease flow.

Total Flow (ALR) / Flow Capacity through Geocomposite (GSE Fabrinet UF at a slope
of 0.1) as calculated in the table above = Length of Geocomposite required at its
discharge point into the sump (i.e., the discharge point to gravel). The calculated
perimeter length must be less than 21 to prevent leachate backups.

Flow Capacity Through
GSE Fabrinet UF Perimeter Length
Total Flow - ALR ati=0.1 Flow ati=0.1
Sump (gpd) (gpd/ft) (ft)
12A 890 133 6.7
12B 690 133 5.2
12C 652 133 4.9

Resuit

Flow throug'h the GSE Fabrinet UF (or equivalent) at 1 percent up to the péerimeter of
the sump (at the grade break) provides sufficient flow to meet the ALR requirements for
all three sumps. Flow through the GSE Fabrinet UF at 10 percent gradient up to the
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perimeter of the 7’ x 7’ area around the LDS pipe and pump is sufficient and does not
result in accumulation of water on the LDS liner. Therefore a single layer of double
sided geocomposite (GSE Fabrinet UF 8 ounce/ydz) is sufficient for the ALR
requirements of the LDS and the second and third layers used in the 1996 design are

not necessary. ¢
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GSE STANDARD PRODUCTS

GSE FabriNet UF geocomposite consists of GSE HyperNet UF geonet heatlaminated on both sides with a GSE non-
woven needlepunched geofextile. GSE HyperNet UF is a 300 mil thick geonet manufactured from a premium grade
high density polyethylene resin. For the purpose of lamination to geonets, GSE nonwoven needlepunched geotextiles
are available in mass per unit area range of 6 oz/yd? (200 g/m? to 16 oz/yd? (540 g/m?. GSE FabriNet UF geo-
composites are designed and formulated fo perform drainage function under a range of anficipated site loads, gradi-
ents and boundary conditions. Index properties for the product are provided in the table below. Please contact GSE
for further information regarding performance under site-specific conditions. '

Product Specifications

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM AVERAGE ROLL VALUE®
Geocomposite 6 oz/yd? 8 oz/yd*> 10 oz/yd*
Product Code F82060060T F82080080T | F82100100T
Transmissivity®, gal/min/ft (m*/sec) | ASTM D 4716 1/540,000 f¢ 435(9.0x 10 | 4.35 (9.0 x 10) [4.35 (9.0 x 10
Ply Adhesion, Ib/in (g/cm) ASTM D 7005 1/50,Q00 1.0(178) 1.0(178) 1.0(178)
Roll Width®, ft (m) 15.0 (4.5) 15.0 (4.5) 15.0 (4.5)
Roll Length®, ft (m) 160 (48) 150 (45) 140 (42)
Roll Area, ft* (m?) 2,400 (223) 2,250 (209) 2,100 (195)
Geonet core”® .

Transmissivity ®, gal/min/ft (m'sec) | ASTM D 4716 ' 38.64 (8x 10™ | 38.64(8 x10%) |38.64 (8 x 107)
Thickness, mil (mm) ASTM D 5199 1/50,000 f£ 300 (7.6) 300 (7.6) 300 (7.6)
Density, glent’ ASTM D 1505 1/50,000 f¢ 0.94 0.94 0.94
Tensile Strength (MD), Ib/in (N/mm) | ASTM D 5035 1/50,000 75(13.3) 75(133) 75(13.3)
Carbon Black Content, % ASTM D 1603 1/50,000 f¢ 2.0 2.0 2.0
Geotextile (prior to lamination)“

Mass per Unit Area, oz/yd® (g/m®) | ASTM D 5261 1/90,000 ft* 6 (200) 8 (270) 10 (335)
Grab Tensile, Ib (N) ASTM D 4632 1/90,000 ft 170 (755) 220 (975) 260 (1,155)
Puncture Strength, Ib (N) ASTM D 4833 1/90,000 ¢ 90 (395) 120 (525) 165 (725)
AQS, US Sieve (mm) ASTM D 4751 1/540,000 f£ 70(0.212) 80 (0.180) 100 (0.150)
Permittivity, (sec”) ASTM D 4491 1/540,000 £ 1.5 1.5 12
Flow Rate, gpmAt (Vmin/m?) ASTM D 4491 1/540,000 f£ . 110 (4,480) 110 (4,480) 85 (3,460)
UV Resistance, % Retained ASTM D 4355 (after 500 hours) |once per formulation 70 70 70

NOTES:

* FMhese are MARY values and are based on the cumulative results of specimens tested by GSE. AOS in mm is o maximum overage roll value.

* MGradient of 0.1, normal load of 10,000 psf, water ot 70° F {20° C), between sininless steel plates for 15 minutes.

* “Rall widths and lengths have a tolerance of £1%.

* MComponent properties prior to lamination.

» FRefer to geotexfile product data sheet for odditional specifications. -
DS056 FabriNetUF RQ3/07/06

This information is provided for reference purposes only and is noi infended as @ worranty or guaroniee. GSE ossumes no liobilily in connection with the use of this informotion. Please check with
GSE for wirent, standard mini quafity pr and specifications.
GSE and ather trademarks in this document are registered trademarks of GSE Lining Technology, Inc. in the United States and certain foreign countries.

North America GSE Lining Technology, Inc. Houston, Texas 800 435 2008 281 443 8564 Fox: 281 230 8650
South America GSE Lining Technology Chile S.A. Sanfingo, Chile . 56 2 595 4200 Fax: 562 5954290
Asia Podfic GSE Linng Technology Company Limiled Bangkok, Thailand 66 2937 0091 Fax: 662 937 0097
Evrope & Africa GSE Lining Technology GmbH Hamburg, Germany 49 40767420 Fax: 49 407674234
Middle Eost GSE Lining Technology-Egyp! The 6th of Ociober Gty, Eqypt 207 2 878 8388 Fax: 202 2 828 BBBY
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GSE STANDARD PRODUCTS

GSE HyperNet geonets are synthetic drainage materials manufactured from a premium grade high density polyethylene )
{HDPE} resin. The structure of the HyperNet geonet is formed specifically to transmit fluids uniformly under a variety of -
field conditions. HDPE resins are inert to chemicals encountered in most of the civil and environmental applications
where these materials are used. GSE geonets are formulated fo be resistant to ultraviolet light for time periods necessary
to complete installation. GSE HyperNet geonets are available in standard, HF, HS, and UF varieties.

The table below provides index physical, mechanical and hydraulic characteristics of GSE geonets. Contact GSE for
information regarding performance of these products under site-specific load, gradient, and boundary conditions.

Product Specifications

‘| TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM AVERAGE ROLL VALUE®
HyperNet HyperNet HF HyperNet HS HyperNet UF -

Product Code XL4000N0O4 | XL5000N004 | XL7000NDO4 | XL8OOONOO4
Transmissivity™, gal/mir/it (m¥/sec) | ASTM D 4716 1/540,000 ft | 9.66 (2x10%) [14.49 (3 x107)|28.98 (6 x 10°)[38.64 (8 x 10?)
Thickness, mil {(mm) ASTM D 5199 1/50,000 ft* 200 (5) 250 (6.3) 275 (7) 300 (7.6)
Density, g/cm’ ASTM D 1505 1/50,000 ft* 0.94 0.94 0.94 0.94
Tensile Strength (MD), Ib/in (N/mm)| ASTM D 5035 1/50,000 f£* 45 (7.9) 55(9.6) 65(11.5) 75(13.3)
Carbon Black Content, % ASTM D 1603, modified| 1/50,000 ft* 2.0 2.0 2.0 2.0
Roll Width®, ft (m) 15 (4.6) 15 (4.6) 15 (4.6) 15 (4.6)
Roll Length*, ft (m) 300 (97) 250 (76ﬁ)1 220 (67) 200 (60)
Roll Area, ft* (m’) 4,500 (418) 3,750 (348) | "3,300 (305) 3,000 (278)

NOTES:
» FiGradient of 0.1, nommal load of 10,000 psf, water ot 70° F (20° C), between steel plates for 15 minufes.

» PHhese are MARV values that are based on the cumulative results of specimens tested by GSE.

» RRoll widths and lengths have o tolerance of +1%.

DS017 HyperNet RD1/13/06

This information is provided for reference purposes only and is not intended os @ warronly or guarontee. GSE assumes no liobility in connedtion with the use of this information. Pleose check with
GSE for current, standord mini quality e procedures and specificalions,
GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, Inc. in the United States and certain foreign countries.

North America GSE Lining Technology, Inc. Houston, Texas 800 435 2008 281 443 8564 Fox 281 230 B650
South America GSE Lining Technology Chile S.A Sontinge, Chile 562 595 4200 Fax 5625954290
Asin Padfic BSE Lining Technology Compony Limited Bangkok, Thailand 66 2 937 009} Fmx 66 2 937 0097
Euvrope & Africa GSE Lining Technology 6mbH Hamburg, Germany 4940767420 Fax: 49 407674234
Niddle East GSE Lining Technology-Egypt The 6th of October Gity, Egypt 202 2 828 BBBS Fac 2022826 8889 -

www_aseworld.com







SurePump™

Vertical Sump Drainer

EPG’s SurePump™ Vertical Sump Drainer (VSD) pumps contaminated liquids for
recovery, leachate coellection, gas condensate removal, and sampling applications. b
It can be used in aggressive environments. Other designs may fail while EPG
Vertical Sump Drainers are still going strong. EPG backs the vertical sump
‘drainers with a one year warranty effective the date of installation. For more
information please call the experts at EPG companies Inc.

Stainless steel construction

Corrosion resistant

E-Glide™bearings for extra durability

Teflon seal rings

Franklin Elecfric motor

Sealed unit with liquid flow drawn past motor for cooling
Facilitates drawdown to the very bottom of the vessel
Chemical resistant jacketed CP motor lead
Vent valve system purges-at mp drainer preventing pump air lock
Flow rates available from 2 - 1,200 gpm
UL listed control panels are able for precise control
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Leachate Pumps + Remediation + Control Systems Integration ¢ Telemetry
Sold By:

AL,

ulletin 0330c




SERIES 12 SurePump™
Flow Range 35-75 GPM
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C.9 LDS FLOW CAPACITY AND PUMP SIZING
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: . . SHEET / oF A0
Environmental Solutions, Ine.

By: RVH Subject: Beatty Landfill-Cell 12 " Checked By: é C
Date: 1/19/96 . American Ecology Corporation Checked On:__3 /@/7¢

LDS Flow Capacity (Action | eakage Rate) and Pump Sizing

Purpose: ‘

1. Determination of the action leakage rate (ALR) for each of the three sumps
proposed for Cell 12 in the Beatty Landfill.

Method:

1. Identify applicable regulations and standards.

2 Generate conceptual sump geometry. |

3 Determine flow capacities of the selected drainage elements

4. Refine sump geometry as necessary, and identify controlling flow section.
5 Calculate ALR for Cell 12 sumps.

Summary

1. Double layers of geocomposite are required for each sump at the grade break to
provide sufficient flow capacity.

2. ‘Sumps in cell comners require geonet rather than, geocomposite to provide
adequate flow capacity due to reduction of effective perimeter.

3. ALR's for sumps are as follows:

Sump Total Area ALR
12A 349 ac 200 gpad
12B 245 ac 185 gpad
12C 2.87 ac 212 gpad

4. Variable speed recipricating pumps, identical to those used in the LCRS are
recommended for use.

nalvsis:

Apvlicable Regulations

1. By regulatory definition (Reference 1A) the ‘ALR is the maximum design flow
rate the leak detection system (LDS) can convey without the fluid head on the
secondary, composite, liner exceeding one foot.

Typical Geometry
1. The typical bottom liner is shown below in Figure 1:

Project No. 95-284
March 7, 1996
1
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LDS Flow Capacity (Action |Leaksge Rate) and Pump Sizing

-

{ Figure 1l

2' Operations Layer -

Double Sided Geocomposite
(Texnet TN3002/1125)

100 mil HDPE FML
(Gundline HDT)

Double Sided Geocomposite
~ (Texnet TN3002/1125)

‘ }Lmk Detection System

80 mjl HDPE FML
(Gundline HDT)
GCL

(Claymax Shearpro)
9" Prepared Subgrade
Unmodified Subgrade

2. The sump locations are shown on Figure 2 (Attached). There are three sumps
proposed for Cell 12. The typical geometry is shown in Figure 3 (Attached).

Flow Capacities
1. The following flow elements'wﬂl be used in the I.DS

. Double sided geocomposite (Texnet TN3002/1125)

. Geonet (Polynet PN3000)-used in the sump areas if additional flow
capacity is required.

. Gravel (clean, poorly graded, nominal 3/4" diameter)-used in the sump
proper only.

2. The double sided geocomposite is used in the slope liner LDS as well as in the
bottom liner as shown in Figure 1. A continuous strip of geocomposite will be
used for each system. Therefore flow within the LDS will be controlled by the
minimum bottom slope.

3. Flow within the geosynthetics is calculated using Darcy's Equation (which
assumes laminar flow within the net) as follows (Reference 2A): -

Project No. 95-284
March 8, 1996
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LDS Flow Capacity (Action L eakage Rate) and Pump Sizing
g=0u,i (1)
¢ Where:

g = flow per unit width
0, = effective transmissivity
i = hydraulic gradient

Flow within the gravel also uses Darcy's formula, however, transmissivity is
replaced with hydraulic conductivity and the thickness of the flow area.

4, Effective transmissivity for the geosynthetics is calculated by applying several
safety factors to the published transmissivity value. The following formula
(Reference 2B) is used for that calculation, definitions are provided in the

attached reference:
o, = © @
(FSpg X FSpy X FSpe X FSyc)
5. The following table shows the unit flow capacity for the geosynthetic elements

and the gravel based on the applicable transmissivity, or hydraulic conductivities,
hydraulic gradients, and safety factors:

tee

@ Table 1 =) | .
FlowElement | &  FScg FSly FScc FSpe Lo i a q
Units] m2/s NA NA NA NA m?2/s  NA | m3/m-s gal/ft-day
TN3002/1125 | 2.20E-04 14 15 L5 15 4.66E05 0.01ff 4.66E07 324
PN3000 2.00E-03 14 15 15 1.5 423E-04 001)| 423E-06 2945
TN3002/1125 | 2.20E-04 14 15 15 15 466E05 0.} 466806 32.39
PN3000 2.00E-03 14 15 15 15 423E-04  0.ff 423805 29447

Transmissivity values are provided by the manufacturer (Reference 3A and 3B).
Safety factors are taken from the literature and are attached (Reference 2C). Flow
capacities are shown at hydraulic gradients of 1 percent and 10 percent for the
nominal cell bottom slope and the minimum sump slope, respectively. Since the
gravel is used only within the minimum sump boundaries around the riser pipes,
flow capacities are calculated for the geosynthethics only.

Controlling Section

1. As shown in Figure 3 there are two potentially controlling sections: 1) the 7'x7'
LDS perimeter; and 2) the perimeter at the grade break between the 1 and 10
percent slopes. In the controlling sections multiple layers of geocomposite or

_geonet alone may be used to provide sufficient flow capacity.

1The effective transmissivity of the geocomposite (using the factors of safety listed in Table 1) still exceeds

the minimum transmissivity requirement (3x10-3 m2/s) of 40 CER § 264.301(c)(3)(id).
Project No. 95-284

March 8, 1996
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LDS Flow Capacity (Action Leakage Rate) and Pump Sizing
Using EPA guidelines (Reference 4A) the sumps will be designed for a nominal
ALR of 200 gallons per acre per day (gpad). Total flow for each cell is shown in
Table 2, below:

Table 2
Tributary AreaJ, Total Flow
Sump (ac) (epd)
12A 349 698
12B 245 490
12C 2.87 574

Since the maximum flow to the sump is only about 0.5 gpm (Sump 12A ALR),

- the Protec recipricating pumps recommended in the LCRS calculation are
acceptable units. It is anticipated that liquid will be allowed to accumulate in the
LDS until sufficient volume is present to remove efficiently with a pump. At no
time however, would more than 12 inches of fluid be allowed to collect over the

liner system.

Each sump has a nominal perimeter of 70 feet (Figure 3), however sumps 1 and 3
. have one short edge near the slope. Therefore, as a conservatism, the effective
perimeter for each cell will be reduced by 25 percent to 53 feet. Table 3 shows
the minimum length (i.e., perimeter) required to accomdate the total flow for each
sump using the various flow elements. Since gravel is not used outside of the
sumps, perimeters are calculated for only the geosynthetics. ..,

Table 3
Min. Perimeter Length (ft) Required for
Flow at i=.01
No. of Geocomposites
Design Flow :

Samp (gpd) 1 2 3 .  Geonet
12A 698 215 108 72 24
12B | 490 151 76 50 17
12C 574 177 89 59 19

Given the minimum grade break perimeter of 53 feet triple geocomposite layers
are adequate for only sump 12B. Also note that geonet is adequate in all cases.
Hence, geonet will be used between the grade break and the perimeter. Double
geocomposite provides adequate flow capacity beyond the grade break perimeter.

Within the 7'x7' area, the minimum perimeter is 21 feet (Figure 3). As shown in
Table 4, below, a single geocomposite layer has sufficient flow capacity to
accomodate the design ALR. However geonet will also be used in the 10 percent
slope areas, to facilitate construction and prevent capacity losses in the transition
between the higher capacity geonet and the double geocomposite.

Project No. 95-284
March 8, 1996
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LDS Flow Capacity (Action Leakage Rate) and Pump Sizing

¢ Table 4
Min. Perimeter Length (f) Required for
Flow ati=.10
No. of Geocomposites

Sump |Design Flow 1 2 3 Geonet
12A 698
12B 490
12C 574

22 11 7 2
2
18 9 6 .2

[
W
[=,=]
Lh

1. Using the perimeters identified above, flow elements are arranged for each sump.
Figure 4 is the arrangement for Sump 12A.

Figure 4

Perimeter from this edge
not used to calculate ALR

due to proximity to slope. '<__ 34" _%'Q 20 B 35" —>

Gégﬁret mot 18! % // Z

rea f’

Grade Bre 20 X

///}4' 35"

ouble Geocomposi

ingle Geocomposite

Sump 12A

The ALR for Sump 12A is controlled by the minimum perimeter of the single
geocomposite layer. The perimeter and resulting ALR are:

Project No. 95-284
March 8, 1996
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LDS Flow Capacity (Action | eakage Rate) and Pump Sizing
Perim=144ft+73ft

=278
| . gal
Capacity =217t 3.24
pa ﬁ[ ft- day)
=703gpd
= 7038pd _ »1gpad ~ 200gpad
4%9ac .
2. Nogne of theSump 12B flow edges are located next to a slope. Therefore the entire

perimeter is available to collect leakage. As shown in Table 3 the double
geocomposite provides nearly enough capacity for the design ALR of 200 gpad at
thegrade break. On the 1 percent side of the grade break double and single
geocomposite will be used as shown in Figure 5. On the 10 percent side of

. thegrade break geonet will be used as for the other sumps.

Figure 5
Geonet
Only [ 3 >
Double Geocomposite :
vy
LDS
Sump r ‘1"
ade B
v A
Single Geocomposite e
‘ 76
Sump 128

The ALR for Sump 12B is controlled by the minimum perimeter of the double
geocomposite layer. The perimeter and resulting ALR are:

Perim=34ft+18ft+18f

=70ft
Capacity =70t x 2| 3.24—E%
" ft-day
= 453gpd
ALR =238 _1o50 00
2.45ac
Project No. 95-284
March 8, 1996
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LDS Flow Capacity (Action | eakage Rate) and Pump Sizing
Although slightly less than the design ALR, it is within 5 percent and therefore

adequate. )
3. Sump 12C is situated similar to Sump 12A. Flow elements are arranged as shown
in Figure 6.

Figure 6

Perimeter from this edge
not used to calculate ALR
due to proximity to slope.

o
i)

Double Geocomposite
£y i

2z

|

Symp 12C

The ALR for Sump 12C is controlled by the minimum perimeter of the single
geocomposite layer. The perimeter and resulting ALR are:

Perim=124ft+ 64 ft

=188/t
. gal
Capaciry =188 f1 3.24
pacty ﬁ( fi- day]
=609gpd
ALR =284 _ 515 mas
_ 87ac
4. Double layers of geocomposite will consist of a double-sided geocomposite

overlain by a single-sided geocomposite with the geotextile up. At the transition
between the single layer to the double layer, a one foot width of the upper
geotextile of the double-sided geocomposite will be removed so that the geonet

elements of each are in contact.
' Project No. 95-284

March 8, 1996
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Federal Register / Vol 57, No. 19 / Wednesday, january 29, 1682 / Rules and Regulations g7 /.4

(j). and {K) as paragraphs (g), (h). {i). (j).
{k). and (l). respectively, by revising )
paragraphs (c) and (d). and by adding
new paragraph {f) to read as follows:

§264.301 Design and operating Y
requirements. of

- - - L ] -

(c) The owner or operatort each new
landfill unit on which construction
commences after fanuary 29, 1992, each
lateral expansion of a landfill unit on
which construction commences after
July 28, 1932, and each replacement of
an existing landfil! unit that is to ‘
commence reuse after July 29, 1992 must
install two or more liners and a leachate
collection and removal system above
and between such liners. “Construction
commences” is as defined in § 260.10 of
this chapter under “existing facility".

{1)(i) The Jiner system must include:

{A) A top liner designed and
constructed of materials (e.g., a
geomembrane) to prevent the migration
of hazardous constituents into such liner

. during the active life and post-closur

care period; and ’

{B) A composite bottom liner,
consisting of at least two components.
The upper.component must be designed
and constructed of materials (e.g., a
geomembrane).to prevent the migration
of hazardous constituents into this
component during the active life and
post-closure care period. The lower
component must be designed and
constructed of materials to minimize the

--migration of hazardous constituents if a

breach in the upper component were to
occur. The lower component must be
constructed of at least 3 feet (81 cm) of
compacted soi! material with a
bydraulic conductivity of no more than
1X10"7 cm/sec.

{ii) The liners must comply with

. paragraphs (a)(1) (i), (ii), and (iii) of this
. section.

(2) The Jeachate collection and
removal system immediately above the
top liner must be designed, constructed,
operated, and maintained to collect and
remove leachate from the landfill during
the active life and post-closure care
period. The Regional Administrator will
specify design and operating conditions
in the permit to ensure that the leachate
depth over the liner does not exceed 30
cm (one foot). The leachate collection
and removal system must comply with
paragraphs (3)(c) (iii) and {iv) of this
section.

{3) The Jeachate collection and
removal system between the liners,-and
immediately above the bottom
composite liner in the case of multiple
leachate collection and removal
systems, is also a leak detection system.
This leak detection system must be

capable of detecting, collecting. and
removing leaks of hazardous
constituents at the earliest practicable
time through all areas of the top liner
likely to be exposed to waste or
leachate during the active life and post-
closure care period. The requirements
fot a leak delection system in this
paragraph are satisfied by installation of
a gystem that is, at a minimum:

(i) Constructed with a bottom slope of

‘one percent or more;

(i) Constructed of granular drainage
materials with a hydraulic conductivity
of 1X10™2cm/sec or more and a
thickness of 12 inches (30.5 cm) or more;
or constricted of synthetic or geonet
drainage materials with a transmissivity
of 3% 107 m?/sec or more;

(iii) Constructed of materials that are
chemically resistant to the waste
managed In the landfill and the leachate

‘expected to be generated, and of

sufficient strength and thickness to
prevent collapse under the pressures
exerted by overlying wastes, waste
cover materials, and equipment used at
the landfill;

(iv) Designed and operated to

" minimize clogging during the acfive life

and post-closure care period; and

(v) Constructed with sumps and liquid
removal methods {e.g., pumps) of
sufficient size to collect and remove
liguids from the sump and prevent
liguids from backing up into the
drainage layer. Each unit must have its
own sump(s). The design of each sump
and removal system must provide a
method for measuring and recording the
volume of liquids present in the sump
and of liquids removed.

(4) The owner or operator shall collect
and remove pumpable liquids in the leak
detection system sumps to minimize the
head on the bottom liner. )

(5) The owner or operator of a leak
detection system that is not located
completely above the seasonal high
water table must demonstrate that the
operation of the leak detection system
will not.be’adversely affected by the
presence of ground waler.

(d) The Regional Administrator may
approve alternative design or operating
practices to those specified in paragraph
(c) of this section if the owner or
operator demonstrates to the Regional
Administrator that such design and
operating practices, together with
location characteristics:

(1) Will prevent the migration of any

‘hazardous constituent into the ground

!

water or surface water at least as
effectively as the liners and leachate
collection and removal systems
specified In paragraph (c) of this section;
and -

C.9-10

(2) will allow detection of leaks of
hazardous constituents through the top
liner at least as effectively.

* - . € .

{f) The owner or operator of any
replacement landfill unit is exempt from
paragraph {c) of this section if:

(1) The existing unit was constructed
in compliance with the design standards
of section 3004(0)(1)(A){i) and {o){5) of
the Resource Conservation and
Recovery Act: and

(2) There is no reason to believe that
the liner is not functioning as designed.

- . * * R

13. New § 264.302 is added to read as
follows: :

§264.302 Action leakage rate.

(a) The Regiona! Administrator shall
approve an action leakage rate for
surface impoundment units subject to
§ 264.301(c) or (d). The action leakage
rate is the maximum design flow rate
that the leak detection system (LDS) can
remove without the fluid head on the
bottom liner exceeding | foot. The action
leakage rate must include an adequate
safety margin to allow for uncertainties
in"the design (e.g.. slope, hydraulic
conductivity, -thickness of draihage
material), construction, operation, and
location of the LDS, waste and leachate
characteristics.-likelihood and amounts
of other sources of liquids in the LDS,
and proposed'response actions (e:g., the
action leakage rate must consider -
decreases in the flow capacity of the
system over time resulting from siltation
and clogging, rib layover and creep of
synthetic components of the system,
overburden pressures, etc.).

{b) To determine if the action leakage
rate has been exceeded, the owner or
operator must convert the weekly or
monthly flow rate from the monitoring
data obtained under § 264.303(c). to an
average daily flow rate (gallons per acre
per day) for each sump. Unless the
Regional Administrator approves a
different calculation, the average daily
flow rate for each sump must be
calculated weekly during the active lile
and closure period, and monthly during
the post-closure care period when
monthly monitoring is required under
§ 264.303(c). :

14. Section 264.303 is amended by
adding new paragraph {c) to read as
follows:

§ 264.303 Monitoring and inspection.
(c)(1) An owner or operator required
1o have a leak detection system under
§ 264.301{c) or {d) must record the
amount of liquids removed from each
leak detection system sump at least
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Figure 4.8 Flow rate behavior of a 0.25-in. (6.3-mm) geonet sandwiched between a 16-0z.fyd.?
{540-g/m® nonwoven needle-punched geotextile with clay above and & 50-mil (1.5-mm) HDPE
geomembrane below.

met with the typical flow regime in a geonet. Yet current EPA Leak Detecnon B
regulations [2] state the following:

o For landfills and waste piles, the geonet’s transmissivity must be

>3 x 10~° m?¥sec.

« For surface impoundments, the geonet’s transmissivity must be

6 =3 x 10~ m%sec.
One converts from flow rate per unit width to transmissivity as follows:
kiA
ki(t x W)
ik X 1)
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oS not " generated value is an ultimate value which, using ASTM D4716 for flow rate
| leachate determination, must be reduced before use in design; that is,
iill, tem- ¢
ab]e, and Jatlow < gun B l
not only T
ng micro- One way of doing this is to ascribe partial factors of safety on each of the items ;
‘angoing. not adequately assessed in the laboratory test. For example,
> systems
1
1€1, is not Tatow = quh[FSIN X FSCR X FSCC X FSBCJ (4-5)
ed. Poly-
included or if all of the partial factors of safety are lumped togethér, .
p
S s00n as ! .
1 ;
qal[nw - Quu[z FS,J - (4.6) '
where ¢, = the flow rate determined from ASTM D4716 for short-term tests |
‘he estab- between solid plates using water as the transported liquid under ?
W rate is " laboratory test temperatures, !
. . Gaiow = the allowable flow rate to be used in Equation 4.3 for final design
purposes, }
o FSy = the factor of safety for elastic deformation, or intrusion, of the
(4.3) adjacent geosynthetics into the geonet’s core space, ;
FScr = the factor of safety for creep deformation of the geonmet and/or .
adjacent geosynthetics into the geonet’s core space,
-ons -EScc = the factor of safety for chemical clogging and/or precipitation of
i chemicals in the geonet’s core space, ,!
{Jng, and FSgc = the factor of safety for biological clogging in the geonet’s core space, !
stual sys- and , ' il
2 FS, = the product of all partial factors of safety for the site-specific con-
ditions.
ie eguiv-
Some guidelines for various factors of safety to be used in different situations are
given in Table 4.2. Example problems follow, which illustrate the use of geonets
and point out that high factors of safety are warranted in critical situations. Please
(4.4) note that these values are based on preliminary and relatively sparse information.
Other factors of safety, such as installation damage, temperature effects, and liquid
) turbidity, could also have been included. If needed they can be included on a site-
lescribed specific basis. On the other hand, if the test method has included the particular
0 trans- item, it would appear in the foregoing formulation as a value of unity.
of th
1stments What is the allowable geonet flow rate to be used in the design of a capillary break
oratory- beneath a roadway to prevent frost heave? Assume that laboratory testing was

— 4
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Chap. 4: Designing with Geonetg

Table 4.2 Recommended preliminary factor of safety values for determining allowgh)e fio
rate or transmissivity of geonets w

B

Fartial Factor of Safety Value in Equation 4.5

Application Area FSi FSea* FScc

Sport fields 1.0t01.2 1010 1.5 101012  11g13
Capillary breaks 1l1tol.3 10t0 1.2 Lltol5 Llwo13
Roof and plaza decks 1.2t014 1.0t0 1.2 1.0to0 1.2 1.lto13
Retaining walls,

seeping rock and soil
slopes 13t0 1.5 12t014 l1ltol.5 101015

Drainage blankets 1.3 w2~ 1.2t0 1.4 1.0to 1.2 101012

Surface water drains
- for landfill caps 13to 1.5 12t0 14 1.0to 1.2 121015
Secondary leachate

collection (landfills) (T30 2.0 2x0 2.0 Ao 20 Do 20

Primary leachate
collection (landfills) 1.5t02.0 1.4 to 2.0 1.5t0 2.0 1.5 t0 2.0

*These values assume that the gu value was obtained using an applied normal pressure of 1.5 0 2
times the field-anticipated maximum value. If not, values must be increased.

—

done at the proper design load and hydraulic gradient and that this testing yicldcd
a short-term between-rigid-plates value of 1.2 gal./min.-ft.

Solution: Since better information is not known, average values from Table 4.2
are used. ‘ e

1 .
= gu 45
Gu [FS,N X FSenx X FSee X FSBJ (43)

1
12[1.1 X 1.1 x 1.1 x 1.2]

)

0.75 gal./min.-ft.

1.

Example:

What is the allowable geonet flow rate to be used in the design of a sef:ondary
leachate collection system? Assume that laboratory testing at proper design load
and proper hydraulic gradient gave a short-term between-rigid-plates valuc of

1.2 gal./min.-ft.
Solution: Average values from Table 4.2 are used; however, note the large reduc-
tion. .

'
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Bag = average width of the flow in the leak
detection system, perpendicular to the flow.

Assumming that the gradient of flow through the hole, at the
hole, is sin « and depth of flow at the hole for concentrated

the thlckness of the drainage layer:

flow =
By, = D/sin «
where = leak detection system thickness.
Then, with D = 1 ft and sin ¢ = 0.01, B, = 100 ft
0.02, B,, = 50 ft
0.03, B, =. 33 ft.

avg
Using these values for B _ and Egquation 1 with h&D =1 ft (hag
D for small values of &), Q in gpad = ' .

Bag (fE)
k . ‘
(cm/sec) | sin « 33 50 100
.01 ———— -=-= | 21,000
1 .02 —=== | 21,000 -
.03 21,000 —— —
.01 o= ———— 2,100
.1 .02 i 2,100 -
_ .03 | 2,100 o= RIS
.01 oo = 210
.01 .02 . cm== 210 ——
o 03 210 - ) Ll ol ol g
1% slope,

Thus, using the minimum specifications 1n today's rule:
12 in thick drainage layer, and 1 X 10°! cm/sec hydraullc
conductivity for surface impoundments and 1 X 10 cm/sec
hydraullc conductivity for landfills and waste piles, and
assumlng that the head is 1 ft and the average width of flow

) is as given above, the results show maximum flow rates of
2 IVBO gpad for surface impoundments and for landfills

and waste piles. Using a safety factor oI wo, as suggested in
the example given in the proposed rule preamble, yields about
1,000 gpad for surface impoundments and 100 gpad for landfills
and waste piles as the Agency recommended action leakage rates,.
for units that are designed to the minimum specifications in
today's rule. As listed in the rule and above, the safety factor
helps account for uncertainties in the design, construction,
operation, and location of the drainage layer and potential
decreases in flow over time as a result of overburden compressive
forces and clogging caused by fines and biological and chemical
actions in any leachate that seeps through. Of course, all of
the above mechanisms that could result in potential decreases in
flow over time should also be considered when selecting the
design, especially the hydraulic conductivity of the drainage
layer, and in construction. Because this calculation used.-the

O H oY
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»
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T

i
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E¢
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" that as the head increases, so does the area of the bottom liner
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increasing length of run from 20 It to 80 ft [Table 1; Figure 4
shows that length of run has negligible effect for slopes at or
greater than the 1% mlnlmum], 43% increase when hole size is
increased from .25 ft? to 1.0 ft? but a much less significant
increase for holes > 3 ft2 [Table 2; Figure 5 graphically shows
the effect of leak size on flow rates]). However, the effect of
these three variables is relatively insignificant compared to
hydraulic- conduct1v1ty, head, and drainage layer thickness (e. g.,
ten times increase (900%) when increased from .01 cm/sec to .1
cm/sec hydraulic conducthlty [Tables 1, 3-5]; 382% increase whep
increased from no head to 2 ft head above the top llner, e.g., ip
a 2 ft deep surface impoundment [Table 3]; and 210% increase whep
geonet thickness 1s doubled from 5 ‘mm to 10 mm [Table 5]).

Figures 2a=-2d (side v1ew) and 3a-b (top v1ew) show the shape
of the saturated zone for various designs, assuming no hedad above
the top liner. These show only small portions of the bottom
liner are actually exposed to the 1 ft head (as assumed in the
simpler models discussed above). Figures 6-8b, however, show

exposed to the greater heads. The graph for 8 ft head for
surface impoundments is almost rectangular and- therefore is not
shown. Table 5 and Figure 10 show the results for geonets, which
because of their high hydraulic conductivities have high flow

rates.

Table 4 shows flow rates of 204 gpad and 2,040 gpad
respectively for the landfill. and surface mpoundment
specifications (i.e., 1% slope and hydraullc conduct1v1ty of 107!
cm/sec for surface impoundments and 10°! cm/sec for landfills,
but with 1 ft of head above the top liner, 180 £t length of. run,
and a .1 ft? hole size). Comparlng the results of the 3-D.model
to those of Equations 1 ‘and 3, using the 1% slope and 107! cm/sec
hydraulic conduct1v1ty for surface impoundments, shows that if
the hole size is somewhat less than .25 ft? the flow rate with a
2 ft head would be about 2100 gpad [Table 3]. For 0 ft head
above the top liner, the hole would be somewhat larger than 30
ft?, or close to uniform flow [Figure 5].

3.2 Alternative Action Leakage Rates

While EPA recommends the above action leakage rates (100 and
1,000 gpad) for units that are built to the minimum design
specifications, the Agency recognizes that a number of site-
specific factors affect the maximum flow capacity of a leak
detection system, and owners and operators may want to propose
alternative action leakage rates. For example, the leak

‘detection system design may be be different than the minimums

specified in the final rule. As indicated above, the hydraulic
conductivity is a factor that significantly affects the flow
capacity of the system. Since they are directly proportlonal a
ten times increase in hydraulic conductivity (i.e., from 10°% to
107 cm/sec) increases the flow capacity ten times. Therefore,
EPA believes that leak detection systems with greater hydraulic
conductivities would have higher action leakage rates. In
addition, owners or operators may have information to justify a

"LB"
C.0-20

LY
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Designing with Geocomposites Chap. 8

TABLE 8.4 ESTIMATES OF REQU!RED FLOW RATES (DISCHARGE} FOR WICK
DRAINS

‘ . Required Flow Rate*  Normal Stress  Hydraulic
Source (Ymin) (kPa) Gradient

den Hoedt [31] 0.17 — —
Kremer et al. [32] 0.30 100 0.62
Kremer et al. [32] 0.09t — .-
Kremer et al. [33] - 151 15 1.00
Holtz et al. [34] 0.23 400 —_
Koerner et al. [35] 0.10 in situ 1.00
Rixner et al. [28] 0.19 in sttu 1.00
Holtz and Christopher [36] 0.95 in situ 1.00

Bergado et al. [37] 0.76 in situ 1.00
0.47% in situ 1.00

*Note, in the literatire many authors use the unit of m*yr for the required rate. 1.0 Vmin =
526 m*lyr
In fiattened S-configuration, 1..,in deformed state.

RF3c = reduction factor for biological clogging of the geotextile or within the
drainage core space.

A guide for typical values in Eq. (8.10) is presented as Table 8.5 (compare this with
Table 4.2 for geonets). Note, however, that wick drains are temporary construction ex-
pedients, thus the chemical and biological clogging potential is probably quite low
Creep is dependent on the time the strip drains are required apd the normal stress aris-
ing from the depth within the soil to be consolidated. For intrusion RF;y, ASTM D4716
can be evaluated with soil above and below the wick drains. In this case, the intrusion
reduction factor would be included as a value of unity. Now, having an in sith modified
value of gayew, 2 traditional design-by-function can be performed. See Example 8.4.

TABLE 85 RECOMMENDED REDUCTION FACTORS FOR EQ. (8.10) TO DETERMINE ALLOWABLE
FLOW RATE OF DRAINAGE GEOCOMPOSITES (WICK DRAINS, SHEET DRAINS AND EDGE
DRAINS)

Application Area RF,y RF&; RFcc RFpc

Sport fields 10to1.2 1.0to12 10to 1.2 11tol3
Capillary breaks 11to13 1.0to 1.2 11tol.5 11t013
Roof and plaza decks 12tol4 1.0to12 1.0to 12 1.1tol3
Retaining walls, seeping rock and soil slopes 13t0ol5  12tol4 1lto 15 10to 1.5
Drainage blankets 13to 15 12to14 10to12 10to12
Surface water drains for landfill caps 13t015 1l2to14 10t012 12tol5
Secondary leachate collection (landfill) 15t02.0 l4to20 15t02.0 15t02.0
Primary leachate collection (landfill) 15t02.0 14t02.0 15t020 15t010
‘Wick drainst 15t02.5 10to25 10tol2’ 10to12
Highway edge drains 12t01.8 15t030 1.1t05.0 10to1l.2

*These values assume that the ultimate value was obtained using an applied normal pressure of approxi-
mately 1.5 times the field anticipated maximum value. If not, the values must be increased.

fAn additional term for kinking should be incinded, where RFy = 1.0 to 4.0. .
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Figure 812 Side and front views of laboratory kinking test device.

For the allowable flow rate g, the ultimate fiow rate from a ASTM D4716 t]
method should be obtained (recall Section 4.1.3). Typical values of ultimate flow rate

a hydrautic

100 mm wide wick drain. This value must then be reduced on the basis of site spec:,__, it
- reduction factors, ;

where

Gallow

RFy =
RFcx

RFcc

= ultimate fow rate (as determined from ASTM D4716) for short-term

© bewy

grad:ent of 1.0 under 200 kPa normal stress vary from 2.5 to 5.0 Vmin for,:,

. g
= 81
Taltow q“"[RFm X RF g X RFgp X RFBCJ o 2

= allowable flow rate to be used in design,

tests,
= reduction factor for elastic deformation of the adjacent geotextile in-

truding into the drainage core space,
= reduction factor for creep deformation of the drainage core itself
and/or intrusion of the adjacent geotextile into the drainage core space

= reduction factor for chemical clogging and/or precipitation of chemicals i

onto the geotextile or within the drainage core space, and
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Purpose of Calculation

Compliance Schedule item 7.12.8 asks that USEN specify the gravel to be used in leachate
sumps to obtain a “transmissivity” of 10 cm/sec. A calculation identifying the gravel
“permeability” as 10 cm/sec was previously accepted by NDEP. That gravel permeability is a
conservative, mid-range textbook value considered typical for coarse-grained gravel and
was used as a typical value in the prior calculation.

Recent materials tests have determined that a permeability between 1.7 and 2.1 cm/sec can
be achieved using screened gravel from the Trench 12 excavation. This also is a conservative
value and is adequate to handle leachate flow in the LCRS and LDS systems. This calculation
is done in the same manner as the 1996 calculation that supported the previous gravel
permeability specification. The revised calculation shows that a minimum gravel
permeability specification of 1 cm/sec or higher is sufficient in the design application (LCRS
collectors and sump).

Method
Use Darcy’s equation to determine flow the flow capacity of the gravel.
Analysis

Darcy’s equation = Q = k*1*A*n ' s

Where:

Q = Flow capacity

k = hydraulic conductivity of the gravel = 2.1 cm/sec 4.1 ft/min

i=slope =10%

A = cross sectional area of the sump surrounding the LCRS((14’+7 +7.5°)*1° =28.5 ft* (see
attached Figure 1)

n = porosity = 30%

Q = (4.1 ft/min)*(0.10)*(28.5 £%)*(0.30) = 3.5 ft*/min = 26 gallons/min

As calculated in the LCRS Flow Capacity and Pump Sizing calculation revision, the flow
through the LCRS could be as high as 8.6 gallons per minute. Running the calculation in reverse
and using Q set at 8.6 gallons per minute (or 1.2 ft*/min), and solving for k yields the following:

1.2 ft*/min = (k)*(0.10)*(28.5 ft*)*(0.30)
Solving for k;

k = 1.4 ft/min or 0.71 cm/sec
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Results

As calculated in the LCRS Flow Capacity and Pump Sizing calculation revision, the flow
through the LCRS could be as high as 8.6 gallons per minute. Based on the assessment above,
gravel with a hydraulic conductivity of 0.71 cm/sec or higher is sufficient and will not produce
backups of leachate on the liner. The hydraulic conductivity of screened gravel from the US
Ecology site had a hydraulic conductivity of 1.7 to 2.1 cm/sec and is sufficient for use in the
sumps. '
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~ Figure 1. Typical Sump Layout
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SOIL MECHANICS IN FOUNDATION ENGINEERING 55

Table 2-6. Order of magnirude values for permeability k, based on description of soil and by Unified

Classification, cm/sec

10 f 7 10° 1072 1077 10-°
Clea:! gravel Clean gravel and Sand-silt Clays
GW, GP - sand mixtures mixtures
GW, GP SM, SL, SC
SW, SpP
GM

Permeability
Flow of soil water, for nonturbulent conditions, has been expressed by Darcy as

v=ki (2-37)

where i = hydraulic gradlent h{L, as previously defined
k = coefficient of permeability as proposed by Darcy, lenoth/txme. Table 2-6

lists typical order-of-magnitude values for various soils.

The quantity of flow q is

q=kiAd volume/time

Two tests commonly used in the laboratory to determine k are the constint-head
and falling-head methods. See Fig. 2-15 for a schematic diagram of each and the

significance of the terms used.

[6)

AR

)]
Figure 2-15. Schematic for permeability determination. (a) Constant-head permeameter; (b) falling-head

permeameter.
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' 37 Physical Properties and Principles [ CA. 2

—

(e)

SOUA
S

(f)

(b)

Figure 2.11 Relation between texture and porosity. (a) Well-sorted sedimen-
tary deposit having high porosity ; (b) poorly sorted sedimen-tary
deposit having low porosity ; (c)well-sorted sedimentary deposit
consisting of pebbles that are themselves porous, so that the
deposit as a whole has a very high porosity; (d) well-sorted
sedimentary deposit whose porosity has been diminished by the
deposition of mineral matter in the interstices; (e) rock rendered
porous by solution ; (f) rock rendered porous by fracturing (after
Meinzer, 1923).

{ soil or rock matrix {Figure 2.11(a), (b), (¢), and (d)], and secondary porosity, which

’ may be due to such phenomena as secondary solution [Figure 2.11(e)] or structurally
controlled regional fracturing [Figure 2.11(f)).

Table 2.4, based in part on data summarized by Davis (1969), lists representa-

tive porosity ranges for various geologic materials. In general, rocks have lower

porosities than soils; gravels, sands, and silts, which are made up of angular and

Table 2.4 Range of Values of Porosity

n(%)
Unconsolidated deposits R
Gravel ? s> VSE 30%
Sand 25-50
Silt 35-50
Clay 40-70
. Reocks
Fractured basalt 5-50
Karst limestone 5-50
Sandstone 5-30
Limestone, dolomite 0-20
Shale 0-10
B Fractured crystalline rock - 0-10
Dense crystalline rock - 0-5 -
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Results )

The effecti ocomposite is 0.00921 gal/ft-min. Since infiltration could be
as hig@;i gallons per min sump with a perimeter of 930 feet would be needed to
prevent backups from occurring Since the sump has a perimeter of only 70 feet, backups could

occur; therefore, 3” piping spaced at 100 feet will be used in the LCRS design. Maximum
leachate head on the liner could be as much as 0.013 feet in cell 12C; however, this is less than
the 1.0 foot maximum required in the permit therefore 100 feet lateral drainage piping and the
selected geocomposite are acceptable. ' :

Since flow through the LCRS system could be as high as 8.6 gallons per minute and assuming a
safety factor or 4, an EPG Vertical Sump Drainer Model 12-5 at 3.0 HP was selected as the pump

for the LCRS.
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Knight Piésold Constant Head Permeability
CONSULTING USBR 5605, Amended
Project U.S. Ecology-NV Misc Testing Proj.#07-3113 Project No. 07.1243
Lab No. ‘ Date of Test _ 08/20/07
Sample No.  07-0605E Tested By spb
Location Native, USEN-B1 Checked By SPB
\ Specimen Data
Target Dry Density, pcf NA Wet Sample Wt. + Tare, Ibs. 38.158
Target Density, t/m® NA Tare, Ibs. 15.920
. [Moisture Content, % NA Wet Sample Wt., Ibs. 22.238
Mold Diameter, in. 8.02 Sample Length, in. - 8.701
Mold Area, in.2 50.52 Sample Volume, in 439.5
Mold Area, ft’ 0.3508 Sample Volume, ft* 0.2544
LDepth to Mold Bottom, in. 8.701 " Wet Density, pcf 874 |
Initial Depth to Plate, in. 0.000
Normal Stress Range, psf 144
Permeability Trial Data
Normal Stress, psf 144 I:lead, cm 12
Avg. Depth to Plate, in. 0.070 Consolidated Length, in. 8.631 Wet Density, pcf 88.1
Trial Q Time ‘ Flow Permeability
No. cc sec . cofsec k, cm/sec
1 453 11.87 382 2.1E+00
2 453 12.13 37.3 2.1E+00
3 453 12.18 372 2.1E+00
4 453 11.88 38.1 2.1E+00
5 453 12.04 376 2.1E+00
6 453 12.08 375 2.1E+00
7 453 12,00 378 2.1E+00
O”-\*
Averages 37.672 / /2.1 E+00
N
General Notes:
1) Tap water was used as permeant.
2) Flow conditions may vary depending on the particle distribution in the field.
3) The sample was allowed to saturate ovemight prior to inftializing flow trials.
4) The sample was prepared by placing the material in the mold loosely and then lightly tapping the sides of the mold.
AquAeTer - Cesare Knight Piésold and Co. 8/27/2007
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