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Use the 1996 LOS flow capacity and pump sizing calculation to determine if proposed 
changes in the 2007 trench d~sign require changes to the LOS 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 LOS Calculation, the regulatory definition of the ALR is the 
maximum design flow rate the LOS 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 

30" OPERATIONS . 
. . LAYER 

80 mil HOPE FML, 
TEXTURED BOTH SIDES 

LDS DOUBLE-SIDED GEOCOMPOSITE 

60 mil HOPE FML, 
TEXTURED BOTH SIDES 

GEOSYNTHETIC CLAY LINER (GCL) 

There are three sumps in the Trench 12 design. The typical geometry is shown below. 
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Figure 2. Typical Sump Layout 
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Flow Capacities 

A '--GRADE BREAK 
00 \ ODS .T (SUMP PERIMETER) 

'----34' -o· 

The following flow elements will be used in the LOS. 

• Double sided geocomposite (GSE Fabrinet 8 ounce/yd\ 

'b 
I 



Prepared by: CAB Date: &/22/07 
Checked by: SL W Date: &/22/07 

Page 4 of7 

· • Gravel (clean, poorly graded, nominal %" diameter) used in the sump only_. 

The double sided geocomposite is used in the slope liner LOS 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 LOS 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 formu.la below is included in the 
attached 1996 calculation references. 

Where 

q = flow per unit width 

e eff =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. 

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

e e iff = -;------------
e (FS CR X FS IN X FS CC X FS BC) 

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 e FScR FSIN FScc FSBc ®etr i - q q 

Units gallminlft NA NA NA NA gallmin!ft NA gal!min/ft gallday/ft 
GSE Fabrinet UF 4.35 1.4 1.5 1.5 1.5 0.92 0.01 0.0092 13 

8 ounce/yd2 

GSE HyperNet 38.64 1.4 1.5 1.5 1.5 8.18 0.01 0.0818 118 
UF 

GSE Fabrinet UF 4.35 1.4 1.5 1.5 1.5 0.92 0.1 -o.0921 133 
8 ounce/yd2 

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 1 0 percent slopes 

Using EPA guidelines, the sumps will be designed for a maximum ALR of 200 gallons · 
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 elements. Since 
gravel is not used outside of the sumps, perimeters are calculated for only the 
geocomposite. 

Total Flow (ALR) I 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) at i = 0.01 Flow at i = 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 Geocomposite (gpd/ft)) I (Total Area 
(acre))= (Design Flow (gal/acre/day)) 

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

Flow Capacity 
Total Sump Through GSE 
Flow- Total Perimeter at Fabrinet UF 
ALR Area i = 0.01 at i = o.o1 Design Flow Required ALR 

SumQ_ lg~dl (acres} (ft} (gpd/ft) _(gal/acre/day} (gal/acre/day) 

12A 890 4.45 70 13 204 200 
128 690 3.45 70 13 264 200 
12C 652 3.26 70 13 279 200 

Within the 7'x7' area immediately surrounding the LOS intake, the p~~imeter 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 net to increase flow. 

Total Flow (ALR) I 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 at i = 0.1 Flow at i = 0. 1 
Sump (gpd) (gpd/ft) (ftj 

12A 890 133 6.7 
128 690 133 5.2 
12C 652 133 4.9 

Result .. 

Flow through the GSE Fabrinet UF (or equivalent) at 1 percent up to the perimeter 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 



Prepared by: CAB Date: 8/22/07 
Checked by: SL W Date: 8/22/07 

Page 7 of7 

perimeter of the 7' x 7' area around the LOS pipe and pump is sufficient and does not 
result in accumulation of water on the LOS liner. Therefore a single layer of double 
sided geocomposite (GSE Fabrinet UF 8 ounce/yd2

) is sufficient for the ALR 
requirements of the LOS and the second and third layers used in the 1996 design are 
not necessary. ' 

... 
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Product Data Sheet 

GSE STANDARD PRODUCTS GSE FabriNet UF Geocomposite (Double~Sided} 

GSE FabriNet UF geocomposite consists of GSE HyperNet UF geonet heat-laminated on both sides with a GSE non

woven needlepunched geotextile. 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/yd2 (200 g/m2
) to 16 oz/yd2 (540 g/m2

}. GSE FabriNet UF gee

composites are designed and formulated to perform drainage function under a range of anticipated 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 2 8 oz!yd 2 10 oz/yd 2 

Product Code F82060060T F82080080T F82100100T 

Transmissivitylhl, gal/min/ft (m1/sec) ASTM 0 4716 1/540,000 ff 4.35 (9.0 X 1 0""') 4.35 (9.0 X 1 0"') 4.35 (9.0 X 10"') 

Ply Adhesion, lb/in (g/cm) ASTM 0 7005 1/50,000 ff 1.0 (178) 1.0 (178) 1.0 (178) 

Roll Width •c~, ft (m) 15.0 (4.5) 15.0 (4.5) 15.0 (4.5) 

Roll Length'd, ft (m) 160 (48) 1 so (45) 140 (42) 

Roll Area, ff (m'l 2,400 (223) 2,250 (209) 2,100 (195) 

Geonet core<d> ... 
Transmissivity .. ,, gal/minlft (m'/sec) ASTM 0 4716 38.64 (8 x 1 o·'l 38.64 (8 X 10"3

) 38.64 (8 X 10"3
) 

Thickness, mil (mm) ASTM 0 5199 1/50,000 ff 300 (7.6) 300 (7.6) 300 (7.6) 

Density, g/cm' ASTM 01505 1/50,000 ff 0.94 0.94 0.94 

Tensile Strength (MD), lb/in (N/mm) ASTM 0 5035 1/50,000 ff 75 (13.3) 75 (13.3) 75 (13.3) 

Carbon Black Content,% ASTM 01603 1/50,000 'ff 2.0 2.0 2.0 

Geotextile (prior to lamination)<d,e> 

Mass per Unit Area, oz/yd' (g/m') ASTM 0 5261 1/90,000 ff 6 (200) 8 (270) 10 (335) 

Grab Tensile, lb (N) ASTM 04632 1/90,000 ff 170 (755) 220 (975) 260 (1,155) 

Puncture Strength, lb (N) ASTM 0 4833 1/90,000 ff .90 (395) 120 (525) 165 (725) 

AOS, US Sieve (mm) ASTM 0 4751 1/540,000 ff 70 (0.212) 80 (0.180) 100 (0.150) 

Permittivity, (sec-') ASTM 04491. 1/540,000 ff 1.5 1.5 1.2 

Flow Rate, gpmlff (1/min/m~ ASTM 0 4491 1/540,000 ff . 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: 

• I<>~These are MAR:V values and are based an the cumulative results of specimens tested by GSE. AOS in mm is a maximum average roll value. 

• lblGrodienl of 0.1, normallood of 10,000 psf, water at 70" F (20" C), between stainless steel plates far 15 minutes. 

• lo!Roll widths and lengths have a tolerance of ± 1 %. 

• ldJcomponent properties prior to lamination. 

• 1•1Reler to geatextile product dato sheet far additional specifications. 
05066 FabriNetUF R03/07/06 

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connedion with the use of !his information. Please check wilh 
GSE lor amen!, standanl minimum quahty assuronce procedures and speci~cofians. 

GSE and ather trademarks In this document are registered trademarks of GSE Uning Technology, Inc. in the United States end certain foreign countries. 

North America 
South America 
Asia Podfic 
Europe & Africa 
Middle East 

GSE Uning Tedmology, Inc. 
GSE lining Technology Chde S.A. 
GSE lining Technology Company UrnHed 
GSE Uning Technology GmbH 
GSE lining Technology·EID'Jll 

Houston, Texm 
Sonliago, Chde 
Bangkok, Thailand 
Hamburg, Germany 
The 61h of October Gty, Egypt 

·····-·· -·-•••••IJ rft ... 

800435 2008 281 443 8564 
56 2 595 4200 
66 2 937 0091 
49 40 767420 
202 2 828 8888 

Fox: 281 230 8650 
Fox: 56 2 595 4290 
Fox: 66 2 937 0097 
Fax: 49 40 7 67 4234 
Fax: 202 2 828 8889 
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Product Data Sheet 

GSE STANDARD PRODUCTS GSE HyperNet, HF, HS and UF Geonet 

• 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 to 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 sile-specific load, gradient, and boundary conditions. 

Product Specifications 

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM AVERAGE ROLL VALUf<bl 
HyperNet HyperNet HF HyperNet HS HyperNet UF 

Product Code XL4000N004 XLSOOON004 XL7000N004 XL8000N004 

Transmissivity"', gal/minlft (m'/sec) ASTM D 4716 1/540,000 ft' 9.66 (2 X 10"3
) 14.49 (3 X 10'3) 28.98 (6 x 1 o-ll 38.64 (8 x 1 o·ll 

Thickness, mil (mm) ASTM D 5199 1/50,000 ft' 200 (5) 250(6.3) 275 (7) 300 (7.6) 

Density, g!cm3 ASTM D 1505 1/50,000 ft' 0.94 0.94 0.94 0.94 

Tensile Strength (MD), lb!in (N/mm) ASTM D 5035 1/50,000 ft' 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 (91) 250 (76) 220 (67) 200 (60) 

Roll Area, ft' (m') 4,500 (418) 3,750 (348) 3,300 (305) 3,000 (278) 

NOTES: 
• FlGrodienl of 0.1, normcllocd of 10,000 psf, wcler ct 70" F (20" q; between steel plates for 15 minutes. 

• lh%ese ore MARY values that ore based on lhe cumulative results of specimens tested by GSE. 

• ~Roll widths end lengths hove c tolerance of ±I%. 

DS017 HyperNet R01/13106 

This inlormclion is provided lor reference purposes only and is not inlended as a worranly or gucranlee. GSE assumes no liability in connection wilh the use of this inlormcfion. Please check wilh 
GSE lor cunrent, standard minimum qualily oss~ronce procedures and specifications. 

GSE and other trademarks in this document are registered trademarks of GSE Uning Technology, Inc. in the United States and certain foreign countries. 

North America 
South America 
Asia Padfic 
Europe & Africa 
Middle East 

GSE lining Tedmology, lnt 
GSE Lining Tedmology Clu1e S.A. 
GSE Lining Technology Company Limfted 
GSE lining Technology GmbH 
GSE Lining Technology-Egypt 

Houston, Texas BOO 435 2008 
Santiago, Chile 
Bangkok, lbm1ond 
Homburg, Germany 
lbe 6th of Odober Gty, Egypt 

www.useworld.com 

281443 8564 
56 2 595 4200 
66 2 937 0091 
49 40 767420 
202 2 828 8888 

Fax: 281 230 8650 
Fax: 56 2 595 4290 .:~ 
Fox: 66 2 937 0097 
Fox: 49 40 7 67 4234 
Fox: 202 2 828 8889 . 





Sure:pumprM 

Vertical Sum Drainer 

EPG's SurePump""Vertical Sump Drainer (VSD) pumps contaminated liquids for 
recovery, leachate collection, gas condensate removal, and sampling applications. 
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 Electric 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 purge · p drainer preventing pump air lock 
+ Flow rates available m 2 - 1,200 gpm . 
+ UL listed control panels are e or precise control 

Leachate Pumps + Remediation + Control Systems Integration + Telemetry 

roldBy' 

- , (763) 424-2613 , , (800) 443-7426 _ , FAX: (763) 493-4812 
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C.9 LDS FLOW CAP A CITY AND PUMP SIZING 

'l~C Environmental 
Solutions Inc. 



· Sf}Ee7 I oF ~0 
Environmental Solutions, Inc. r 

By:RVH 
Date: 1/19/96 

Subject: Beatty Landfill-Cell 12 Checked By: t:/ C 
American Ecology Corporation Checked On: ...., /0/ft. 

LOS Flow Capacity (Action Leakage Rate) and Pump Sizing 

Purpose: 

1. Determination of the action leakage rate (ALR) for each of the three sumps 
proposed for Celll2 in the Beatty Landfill. 

Method: 

1. Identify applicable regulations and ·standards. 

2. Generate conceptual sump geometry. 

3. Determine flow capaci~es of the selected drainage elements 

4. Refine.sump geometry as necessary, and identify controlling flow section. 

5. Calculate ALR for Cell12 sumps. 

Summary 

1 I 

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

2. Sumps in cell comers require geonet rather ~ geocomposite w.provide 
adeq~te flow capacity due to reduction of effective perimeter. 

3. ALR's for sumps are as follows: 
SJ.mnt Total Area 

12A 3.49 ac 
12B 2.45 ac 
12C 2.87 ac 

ALR 
200 gpad 
185 gpad 
212gpad 

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

Analysis: 

ARRlicable Regulations 

1. By regulatory definition (Reference lA) the ALR is the maximum design flow 
rat~ the leak detection system (IDS) can convey without the fluid head on the 
secondary, composite, liner exceeding one foot 

T)!pical Geometzy 

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

C.9-1 
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Environmental Solutions, Inc. s!fEET ;2. a;~ J..d 
By:RVH 
Date: 1119/96 

Subject: Beatty Landfill-Cell 12 Checked By: E.c 
American Ecology Corporation Checked On: 7 I rJ cr c 

2. 

I I 

LOS Flow Capacity (Action Leakage Rate) and Pump Sizing 

Figure 1 

,...------ 2' Operations Layer 

---- Double Sided Geocomposite 
(fexnet~3002/1125) 

r----t-100 mil IIDPE FML 
(Gundline HDT) 

Double Sided Geocomposite 
(fexnet~3002/1125) 

t--------------~--1 } Leak Detectio~ System 

'---+- 80 mil IIDPE FML 
. (Gundline HDT) 

'----GCL . 
(Claymax Shearpro) 

--9" Prepared Sub grade 

"----Unmodified Subgrade 

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

Flow Capacities 

1. The following flow elements will be used in the LDS 

• Double sided geocomposite (Texnet ~3002/1125) 
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): 

C.9-2 
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• • S!i£" £T ..5 ~r d.CJ EnVIronmental Solutions, Inc. 
By: RVH Subject: Beatty Landfill-Cell 12 Checked By: E C. 
Date: 1119/96 American Ecology Corporation Checked On: ';/9'/qG 

LDS Flow Capacity (Action Leakage Rate) and Pump Sizing 

q = eeffi (1) 

Where: 

q =flow per unit width 

0 eff = 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: 

5. 

·8 eff (2) 

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: . .. 

GJ Iabl~ l G 
Flow Element -1£ · FScR FSIN FScc FSBc eff1 q q 

Units m2/s NA NA NA NA m2/s NA m3/m-s gal/ft-day 
1N3002/1125 2.20E-04 1.4 1.5 1.5 1.5 4.66E-05 0.01 4.66E-07 3.24 

PN3000 2.00E-03 1.4 1.5 1.5 1.5 4.23E-04 0.01 4.23E-06 29.45 

1N3002/l125 2.20E-04 1.4 1.5 1.5 1.5 4.66E-05 0.1 4.66E-06 32.39 

PN3000 2.00E-03 1.4 1.5 1.5 1.5 423E-04 0.1 4.23E-05 294.47 

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. 

1 The effective transmissivity of the geocomposite (using the factors of safety listed in Table 1) still exceeds 
the minimum transmissivity requirement (3x1o-5 m2/s) of 40 CFR § 264.301(c)(3)(ii). 
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Subject: Beatty Landfill-Cell 12 Checked By: 'C...c 
American Ecology Corporation Checked On: ?IV('1G 

I 

LOS Flow Capacity (Action Leakage Rate) and Pump Sizing 

2. 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: 

Iahl~~ 
Tributary Area Total Flow 

Sum ac d 
12A 3.49 698 
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. 

2. Each suinp 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 gepsynthetics. ... 

Ial!lg 3 
Min. Perimeter Length (ft) Required for 

Flow at i=.01 
No. of Geocomposites 

Design Flow 
Sump (gpd) 1 2 3 Geonet 

12A 698 215 108 72 24 
12B 490 151 76 . 50 17 
12C 574 171 89 59 19 

3. 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. 

4. 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 cons,truction and prevent capacity losses in the transition 
between the higher capacity' geonet ·and the double geocomposite . 
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Environmental Solutions, Inc .. 

Subject: Beatty Landfill-Cell 12 Checked By: E c_ By: RVH 
Date: 1/19/96 American Ecology Corporation Checked On:W.crc 

LOS Flow Capacity (Action Leakage Rate) and Pump Sizing 

Thill~ :1 
Min. Perimeter Length (ft) Required for 

Flow ati=.lO 
No. of Geocomposites 

Sump Design Flow 1 2 3 Geonet 
(gpd) 

12A 698 22 11 7 2 
12B 490 15 8 5 2 

12C 574 18 9 6 2 

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

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

Figure4 

Sump 12A 

The ALR for Sump 12A is controlled by the minimum perimeter of the single 
geocomposite layer. The perimeter and resulting ALR are: 
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E · t I S I t" · I s;-1-.e.cr 6 or cJo nVIronmen a o u Ions, nc. · 
Subject: Beatty Landfill-Cell12 Checked By: e c: 
American Ecology Corporation Checked On: ) !9> l?"c. 

II 

LDS Flow Capacity (Action Leakage Rate) and Pump Sizing 

Perim =144ft+ 73ft 

=217ft 

Capacity = 217 ft(3. 24 gal . J 
. ft-day 

=703gpd 

703gpd 
ALR= 201gpad=200gpad 

3.49ac 

2. None 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. 

figureS 

Geonet 
Only 

Double Geocomposite 

Single Geocomposite 

SumP 12B 

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+ 18ft 

=70ft 

Capacity= 70ft X 2(3.24 gal J 
ft-day 

'' 
~453gpd 

ALR = 
453

gpd 185gpad 
2.45ac 
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By:RVH 
Date: 1119/96 

Environmental Solutions, Inc. stl££r 7 ar- ;;..o 
Subject: Beatty Landfill-Cell 12 Checked By: f. c... 
American Ecology Corporation Checked On: }h,L% 

I I 

LOS Flow Capacity (Action Leakage 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 

,--:Per.ime~terfrom this edge 
not used to calculate ALR 
due to proximity to slope . 

... 

Suron 12C 

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

Perim =124ft+ 64ft 

=188ft 

Capacity= 188ft(3.24 gal ) 
ft-day 

=609gpd 

ALR = 609gpd 212gpad 
2.87ac 

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

§ 264.301 Deslgn and operating~ ,()Y~ 
requirements. ~~ ~· 
• [c) ~e o~er ~r op:rator o each new 
landfill unit on which construction 
commences after January 29, 199Z. each 
lateral expansion of a landfill unit on 
which construction commences after 
July 29, 19_92, and each replacement of 
an existing landfill unit that is to · 
commence reuse after July 29, 1992 must" 
izistall 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". 

(1J(i) The Hner 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-closure 
care period: and , · 

(B) A composite bottom liner, 
consisting of at least two components. 
The upp_er.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 
componen~ 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 (-91 em) of 
compacted soi~ material with a . 
hydraulic conductivity of no more than 
lXl0-1 em/sec. 

{ii) The liners must comply with 
paragraphs (a)(1) (i), (ii), and (iii) of this 
section. · 

(2) The leachate collection and 
removal system immediately above the 
top liner.i:nust 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 
em {one foot). The leachate co1lection 
and removal system must comply with 
paragraphs [3)[c) (iii) and (iv) of this 
section. 

(3) The leachate 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. 
Thls 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
clqsure care period. The requirements 
fo~ a leak detection system in this 
paragraph are satisfied by installation of 
a system that is, at a minimum: 

(i) Constructed with a bottom slope of 
·one percent or more; 

(ii) Constructed of granular drainage 
materials with a hydraulic conductivity 
of 1 X 10-2 em/sec or more and a 
thickness of 12 inches (30.5 em) or more: 
or constructed of synthetic or geomit 
drainage materials with a transmissivity 
of3X10-6 m2/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 st!•ength and thickness to 
prevent collapse under the pressures 
exerted by overlying wastes, waste 
cover materials, an"d equipment used at 
the landfill; 

[iv) Designed and operated to 
minimize clogging during the active 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 
liquids from the sump and prevent 
liquids from backing up into the ' 
drainage layer. Each wtit must have its 
own sump(s). The design of each sump 
and removal system must provide a 
meth"od for. measuring and recording th'e 
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 water. 

{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 pr!lctices, 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 toj) 
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(o}(1)(A)(i) and "[o)(S) of 
the Resource Conservation and 
Recovery Act; and 

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

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

§ 264.302 Action leakage rate. 
(a) The Regional Administrator shall 

approve an action le11kage 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) cnn 
remove without the fluid head on the · 
bottom liner exceeding I foot. The actioQ 
leakage rate must include an adequate 
safety margin to allow for uncertainties 
in' the design ( e:g., slope, hydraulic 
conductivity, ·thickness of drainage . 
material), construction. operation. and 
location of the LDS.-waste and leachate 
characteristics,-likelihood and amounts 
of other sources of liquids in the LDS, 
and propos~'J: response actions (e:g., the 
actiori 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 ifthe 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 r_ate (gallons per acm 
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 life 
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 l':'spectlon. 

(c)[1) An owner or operator required 
to have a leak detection system under 
§ Z64.301(c) or (d) must record the 
amount of liquids removed from each 
leak detection system sump at least 
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) nonwoven needle-punched geotextile with clay above enid 'ci"GO-mil (1.5-mm) HOPE 

geomembrane below. 

met with the typical flow regime in a geonet. Yet current EPA Leak Detection 
regulations [2] state th,e following: 

• For landfills and waste piles, the geonet's transmissivity must be 

• For surface impoundments, the geonet's transmissivity must be 

9 ;:::: 3 X 10-4 m2/sec. 

One converts from flow rate per unit width to transmissivity as follows: 

q = kiA 

q = ki(t X W) 

q/W = i(k X t) 

~. 

(4.1) 

(4.2) 
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Geonet Properties and Test Methods 413 

generated value is an ultimate value which, using ASTM D4716 for flow rate 
determination, must be reduced before use in design; that is, 

qallow <quit 

One way of doing this is to ascribe partial factors of safety on each of the items 
not adequately assessed in the laboratory test. For example, 

qallow = quit [ 1 ] 
FSJN X FScR X FScc X FSsc 

(4.5) 

or if all of the partial factors of safety are lumped together, 

(4.6) 

where qurt = the flow rate determined from ASTM D4716 for short-term tests 
between solid plates using water as the transported liquid under 
laboratory test temperatures, 

q.uow = the allowabJ~tflow rate to be used in Equation 4.3 for final design 
purposes, 

FSIN = the factor of safety for elastic deformation, or intrusion, of the 
adjacent geosynthetics into the geonet's core space, 

FScR = the factor of safety for creep deformation of the geonet and/or 
adjacent geosynthetics into the geonet's core s{5at;e, 

· FScc = the factor of safety for chemical clogging and/or precipitation of 
chemicals in the geonet's core space, · 

FS sc = the factor of safety for biological clogging in the geonet's core space, 
and ' 

2: FSP = the product of all partial factors of safety for the site-specific con
ditions. 

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 
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
specific basis. On the other hand, if the test method has included the particular 
item, it would appear in the foregoing formulation as a value of unity. 

Example: ----------------------------------------------------

What is the allowable geonet flow rate to be used in the design of a capillary break 
beneath a roadway to prevent frost heave? Assume that laboratory testing was 

,. 

·l 
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I 
! 
j 
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Table 4.2 Rec~m~~nded prelimin=Y factor of safety values for determining allowable flow 
rate or tr~smiSslVlty of geonets 

Partial Factor of Safety Value in Equation 4.5 

Application Area FS,N FSCR * FScc FS•c 

Sport fields 1.0 to 1.2 1.0 to 1.5 1.0 to 1.2 1.1 to 1J 
. Capillary breaks 1.1 to 1.3 1.0 to 1.2 1.1 to 1.5 1.1 to 1.3 

Roof and plaza decks 1.2 to 1.4 1.0 to 1.2 1.0 to 1.2 1.1 to 1.3 
Retaining walls, 

seeping rock and soil 
slopes 1.3 to 1.5 1.2 to 1.4 1.1 to 1.5 1.0 to l.S 

Drainage blankets 1.3~ 1.2 to 1.4 1.0 to 1.2 1.0 to 1.2 
Surface water drains 

for landfill caps 1.3 to 1.5 1.2 to 1.4 1.0 to 1.2 1.2 to 1.5 
Secondary leachate 

@o2.0 @o2.0 Qbo2.o CiJ)ro 2.0 collection (landfills) 
Primary leachate 

collection (landfills) 1.5 to 2.0 1.4 to 2.0 1.5 to 2.0 1.5 to 2.0 

*These values assume that the q, value was obtained using an applied normal pressure of 1.5 to 2 
times the field-anticipated maximum value. If noi, values must be increased. 

done at the proper design load and hydraulic gradient and that this testing yielded 
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. 

=12[ 
1 

] . 1.1 X 1.1 X 1.1 X 1.2 

= 1.2[1.~0] 
= 0.75 gal./min.-ft. 

Example: 

What is the allowable geonet flow rate to be used in the design of a secondary 
leachate collection system? Assume that laboratory testing at proper design load 
and .proper hydraulic gradient gave a short-term between-rigid-plates value of 
1.2 gaL/min.-ft. 

Solution: Average values from Table 4.2 are used; howev~r, note the large reduc
tion. 
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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 a and depth of flow at the hole-for concentrated 
flow = the thicknes5 of the drainage layer: 

Bavg = D/sin a· 

where D = leak detection system thickness. 

Then, with D = 1 ft. and sin a= 0.01, B
8
vs = 

0. 02, B•vv = 
0 .. 03 1 Bavg z: 

100 ft 
50 ft 
33 ft. 

Using these values for Bev; and Equation 1 with h ~ D = ·1 ft (h ~ 
D for small ·values of a), Q in·gpad = 

Bavg (ft) 
k 

(em; sec) sin a 33 50 100 

.01 ---- ---- 21,000 
1 .02 ---- 21,000 ----

.03 21,000 ----- ----

.01 ---- ---- 2,100 
.1 .02 --~- 2,100 ----

.03 2,100 ---- ...tt.l--· 

.01 ---- ___ .... 210 
.01 .02 ---- 210 ----

• 03 210 ~--- ----
Thus, using the m~n~mum specifications in today•s rule: 1% slope, 
12 in thick drainage layer, and 1 x·1o·1 cmjsec hydraulic 
conductivity for surface impoundments and 1 X 10-z cmjsec 
hydraulic conductivity for landfills and waste piles; and 
assuming that the head is 1 ft and the average width of flow 
(B, ) is as given ·above, the resUlts show m~ flow rates of 
2,1~0 gpad for surface impoundments and~~for landfills 
and waste piles. using a safety factor~~o, 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 piological 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 
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increasing length of run from 20 ft to 80 ft [Table 1; Figure 4 
shows that length of run has negligible effect for slopes at or 
greater than the 1% minimum]; 43% increase when hole size is 
increased from . 25 ft2 to 1. 0 ft2 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-conductivity, head, and drainage layer thickness {e.g. 
ten times increase (900%) when increased from .01 cmjsec to .1 ' 
cm;sec hydraulic conductivity [Tables 1, 3-5]; 382% increase when 
increased from no head to 2ft head above the top liner, e.g., in 
a 2 ft deep surface impoundment (Table 3); and 21"0% increase when 
geonet thickness is doubled from 5 mm to 1·0 Ill1U [Table 5)) . 

Figures 2a-2d (side view) and 3a-b (top view) show the shape 
of the saturated zone for various designs, assuming no head 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 
that as the head increases, so does the area of the bottom liner 
exp9sed 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 fl~w
rates. 

Table 4 shows flow rates of 204 gpad and 2,040 gpad 
respectively for the landfill and surface impoundment. 
specifications (i.e., l% slope and hydraulic conductivity of 10"1 

cm;sec for surface impoundments and 10"1 cmjsec for landfills, 
but with 1 ft of head above the top liner, 180 ft length .of run, 
and a .1 ft2 hole size). Comparing the results of the 3-D.mode.l 
to those of Equations 1·and 3, using the 1% slope and 10"1 cmjsec 
hydraulic conductivity for surface impoundments, shows that if 
the hole size is somewhat less than .25 ft2• the flow rate· with a 
2ft head would be about 2100 gpad (Table 3]. Foro ft head 
above the top liner, the hole would be s·omewhat larger than 3 0 
ft2 , or close to uniform flow [Figure 5]. 

~ 3. 2 Alternative Act-ion 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 different than the mjnjmums 
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 proportional, a 
ten times increase in hydraulic conductivity (i.e., from 10·2 to 
10"1 cmjsec) 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 ?ustify a 

~f3-

C.9-20 


