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CALCULATION OF ACTION LEAKAGE RATE THROUGH THE LEAKAGE
DETECTION SYSTEM UNDERLYING A GEOMEMBRANE LINER.

OBJECTIVE
In accordance with Part 254.302 of the USEPA Code of Federal Regulations, determine the
action leakage rate (ALR) that a leak detection system (LDS) can remove, and not allow the
maximum fluid head on the bottom liner to exceed 1 foot. The ALR shall be given as an average
daily flow rate in gallons per day per acre for each sump associated with the LDS. The
calculation shall include a margin of safety sufficient to allow for design uncertainties,
operational changes, and material characteristics. The LDS shall have a surface area of
approximately 40 acres, and consist of a 300-mil thick geonet and a network of gravel trenches
that contain 4-inch diameter slotted PVC pipe, drainage aggregate, and a bottom cushion
geotextile. There shall be one sump associated with the LDS. The primary liner shall consist of
a smooth 60-mil HDPE geomembrane.
The method outlined by Giroud, et al. (1997) will be employed to calculate the ALR and confirm
the maximum expected head.

ANALYSIS
Liquid flow through defect in primary geomembrane
Liquid migration through a liner occurs essentially through defects in the geomembrane.
According to Giroud, et al. (1997) (see Attachment A, 3/6) the rate of liquid migration through a
defect in the geomembrane is given by the following:

Q = (2 / 3)d 2 gh prim

Equation (1)

where:
Q = flow rate through one geomembrane defect, m3/s
d = defect diameter, m
g = acceleration due to gravity, 9.81 m/sec2
hprim = head of liquid on top of primary liner, m
According to the EPA, common practice is to assume that the diameter of a leak in the
geomembrane is equal to the thickness of the geomembrane (i.e. 60 mil, 0.001524 m).
Based on the proposed grading for Cell 4A (Attachment B, 1/1) and the operational constraint of
maintaining 3 feet of freeboard within the cell, the maximum height of liquids above the primary
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geomembrane will be approximately 37 feet (11.3 m). Placing the above values into Equation 1
results in the following maximum flow rate per defect:
Q = ( 2 / 3)(0.001524 m) 2 (9.81)(11.2776 m) = 1.63 x 10-5 m3/sec

= 1.41 m3/day
= 372 gal/day

Maximum flow rate within geonet
According to Giroud, et al. (1997) (see Attachment A, p. 2/6) the maximum flow rate within the
leak detection layer geonet is given by the following:
Qfull = k tLCL2

Equation 2

Where:
Qfull = maximum flow rate within the geonet; to be determined, m3/sec
k = hydraulic conductivity of geonet; see below, m/sec
tLCL = thickness of leak detection layer; 300 mil, 0.0076 m
Hydraulic conductivity of Geonet, k
Attachment C, 2/2 shows a transmissivity curve for a 300 mil thick geonet sandwiched between
two HDPE geomembranes tested for a duration of 100 hours. Based on the transmissivity and
the thickness of the geonet, a hydraulic conductivity can be estimated for a variety of normal
stresses and hydraulic gradient conditions.
Based on the site grading (Attachment B, 1/1), a maximum thickness of waste material
(tailings/slimes) and final cover system of 40 feet will be placed above the liner system.
Assuming a unit weight of 125 pounds per cubic feet (pcf), a normal stress of approximately
5,000 pounds per square foot (psf) will be exerted on the geonet.
Graphing the permeability data for the 300 mil thick geonet under a normal stress of 5,000 psf
(Attachment D, 1/1), results in the following equation of the line:
k = 0.2868 i(-0.4221)

Equation 3

The hydraulic gradient is based on the longest drainage path (950 feet), slope of the geonet (1%),
and height of liquid above the liner system (37 feet, which accounts for the 3 foot freeboard).
Based on this information, the hydraulic gradient can be estimated as follows:
i = (37 ft + 950 ft x 0.01) / 950 ft = 0.049
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Placing the estimated hydraulic gradient of 0.049 into Equation 3 results in a hydraulic
conductivity of 1.02 m/sec.
Accounting for intrusion (RFIN), creep (RFCR), chemical clogging (RFCC), and biological
clogging (RFBC), Koerner (Attachment E, 3/3) suggests the following partial factor of safety
values for secondary leak detection systems:
RFIN

1.5 to 2.0

RFCR
RFCC
RFBC

1.4 to 2.0
1.5 to 2.0
1.5 to 2.0

use 1.0 (no geotextiles on either side to intrude, test data
accounts for geomembrane intrusion)
use 1.4 (low normal stress, 100 hour transmissivity data)
use 2.0 (very low pH)
use 1.0 (very low pH should preclude biological activity)

Applying these values to the hydraulic conductivity results in the following:
k = (1.02 m/sec) / (1.0 x 1.4 x 2.0 x 1.0) = 3.66 x 10-1 m/sec
Placing the geonet hydraulic conductivity and thickness into Equation 2 results in the following:
Qfull = (0.366 m/sec) (0.0076 m)2 = 2.11 x 10-5 m3/sec
Based on the anticipated flow through defects in the primary geomembrane and the allowable
maximum flow rate within the geonet, the following overall factor of safety results:
FS = (2.11 x 10-5 m3/sec) / (1.63 x 10-5 m3/sec) = 1.29
Therefore, the proposed 300 mil thick geonet leak detection layer can accommodate the
anticipated flow through defects in the primary geomembrane.

Action Leakage Rate (ALR)
The number of defects in a geomembrane is given by Giroud, et al (Attachment A, 4/6), as the
following:
N = (F)(ALCL)

Equation 4

where:
N = number of defects
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F = frequency of defects (per m2 of geomembrane)
ALCL = area of leakage collection layer; 40 acres, 161,900 m2
Using an assumed F = 1/2,500 m2 (Attachment A, 4/6), the number of defects assumed in the
primary geomembrane is as follows:
N = (1/2,500)(161,900)

ALR = (Q)(N)/acre
= (1.41 m3/day)(65)/40 acres

= 65 (rounded up to nearest whole number)

Equation (4)
3

= 2.29 m /day/acre
= 604 gal/day/acre

Maximum flow rate to sump
Based on the area of the Cell 4A liner system, the following maximum flow rate to the sump is
anticipated:
Qsump = (604 gal/day/acre) (40 acres) = 24,160 gal/day = 16.8 gpm
A sump pump capable of a minimum flow rate of 20 gallons per minute at the head conditions
present (approximately 42 vertical feet plus piping losses) will be utilized to remove liquids from
the LDS.

Time of travel
According to Giroud, et al. (1997) (see Attachment A, 6/6) the travel time for the liquid to reach
the LDS piping system from the defect in the primary geomembrane is given by the following:
ttravel = (nx) / (k sin β cos β)

Equation 5

where:
t travel
n
x
k
β

= time for liquid to travel from defect in primary geomembrane to the
LDS piping; to be determined, sec
= porosity of geonet; 0.8
= distance from defect in primary geomembrane to LDS piping; 950 ft,
290 m
= hydraulic conductivity of the geonet; 0.366 m/sec from above
= slope of floor; 1%, 0.573 degrees
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Substituting the values into equation 5 results in the following:
ttravel = (0.8) (290 m) / (0.366 m/sec) (sin 0.573) (cos 0.573) = 63,388 sec = 17.6 hours
Therefore, the leak detection system geonet will allow for timely detection of liquids.

Head Above Liner, (h):
Knowing the maximum potential flow rate through a specific defect in the primary
geomembrane, and assuming a worst case condition where all primary liner defects are located at
the higher end of the leakage collection layer slope, liquid head build-up on the secondary
geomembrane is calculated using the following equation from Giroud, et al. (1997) (see
Attachment A, 5/6):

tavgworst =

NQ
kiB

Equation 6

where:
t avg worst
N
Q
k
i
B

= average thickness of liquid above secondary (bottom) geomembrane
under worst case scenario; to be determined, m
= total number of defects in primary geomembrane; 65 from above
= flow rate through one defect in primary geomembrane; 1.63 x 10-5
m3/sec
= hydraulic conductivity of geonet layer above secondary geomembrane;
3.66 x 10-1 m/sec from above
= hydraulic gradient in leakage collection layer; 0.049 from above
= width of leakage collection layer; 1,125 feet, 343 m (Attachment B, 1/1)

Placing the estimated geonet hydraulic conductivity, average thickness of liquid in the LDS, and
the thickness of the leak detection layer geonet into Equation 6 results in the following:
t avgworst =

(65)(1.63 x10 −5 )
(3.66 x10 −1 m / sec)(0.049)(343m)

tavgworst = 0.000172 m = 0.17 mm

The head on the secondary does not exceed 0.17 mm (0.006 inches), much less than the required
12 inch (1 foot) maximum.
SUMMARY AND CONCLUSIONS
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Using the method outlined by Giroud, et al. (1997), and an N = 65, the ALR was calculated
to be 604 gal/day/acre.
Liquids entering the geonet LDS layer will take less than one day to travel from the leak to
the LDS piping system.
Assuming a worst case scenario under which all the primary geomembrane defects are
located at the high end of the leakage collection layer slope, the liquid head on the secondary
liner does not exceed 1-inch, well below the required maximum limit of 1-foot.
The geonet provides sufficient flow rate to accommodate the ALR.
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