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APPENDIX E
LEAK COLLECTION AND RECOVERY SYSTEM DESIGN

An important feature of the evaporation pond liner system is the Leak Collection and Recovery
System (LCRS). The purpose of the LCRS is to provide a method to collect potential seepage should

leakage develop within the pond through the primary geomembrane liner.

The LCRS layer has been designed as a high density polyethylene (HDPE) geonet. Per the
requirements of 40 CFR 264.221, the transmissivity of the selected drainage layer exceeds the
minimum transmissivity requirement of 3x10™ square meters per second (m%sec), and is designed
with a minimum grade of one percent. Based on the geonet design presented in Appendix E-1 using
the equations proposed by Giroud et al. (1997), the evaporation pond geonet is required to have a

minimum transmissivity of 2x10° m?/sec and a minimum thickness of 200 mil.

Leakage through the upper geomembrane liner will be collected in the LCRS layer and routed (via
gravity flow) to a LCRS sump located in each of the pond cells. Each LCRS sump is sized to contain
a minimum of 48 hours of anticipated leakage in the LCRS layer (i.e., geonet) assuming one liner
defect per acre for good installation (Giroud & Bonaparte, 1989), an effective porosity of 30 percent
in the sump drainage gravels, and applying a factor of safety of 1.5. The LCRS sump sizing
calculations is provided in Appendix E-1. Based on these calculations, a sump with base dimensions
of 10 feet by 30 feet with 3H:1V (horizontal:vertical) side slopes and 5-foot depth (i.e., sump beneath
all “flat’ portions of the pond cell) provides sufficient containment for approximately 14 days of

leakage solutions.
REFERENCES
40 CFR Part 264 — “Standards for Owners and Operators of Hazardous Waste Treatment, Storage,

and Disposal Facilities”, Subpart K (Surface Impoundments).

Giroud, J.P., and Bonaparte, R. 1989. “Leakage through liners constructed with geomembranes —
Part I. Geomembrane Liners.” Geotextiles and Geomembranes, No. 8, 27-67.

Giroud, J.P., Gross, B.A., Bonaparte, R., and McKelvey, J.A. 1997. “Leachate flow in leakage

collection layers due to defects in geomembrane liners.” Geosynthetics International, 4(3-4),
215-292.
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APPENDIX E-1

LEAK COLLECTION AND RECOVERY SYSTEM
SUMP CAPACITY CALCULATION
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OBJECTIVE:

Evaluate the capacity of the Leak Collection and Recovery System (LCRS) sumps for the evaporation pond cells
based on calculated leakage though the geomembrane in the LCRS layer.

GIVEN:

Evaporation pond cell and LCRS sump dimensions.
o Cell Area: 4.13 acres
o Sump base dimensions: 30 feet by 10 feet
o Sump depth: 5 feet
o Sump side slopes: 3H:1V

ASSUMPTIONS:

Because the evaporation pond LCRS sumps will not be equipped with their own dedicated pump (a
mobile pump will be used), the LCRS sump should be sized to accommodate a minimum of 48 hours of
the maximum leakage flow in the LCRS layer;

Apply a factor of safety (FS) of 1.5;

Porosity of the gravel within the LCRS sumps is assumed as 0.3;

Assume 1 liner defect per acre;

According to the EPA, common practice is to assume a circular defect with a diameter equal to the
thickness of the geomembrane. Accordingly, these calculations assume circular defects with a diameter of
60 mil (0.005 ft, or 0.06 inches);

The flow in the leakage collection layer is laminar;

It is assumed that flows through various defects do not interfere with each other; and

The maximum height of liquid above the primary geomembrane is conservatively assumed to be equal to
the ultimate height of the evaporation pond (e.g. 8 ft).

MATERIAL PROPERTIES:

Table 1 summarizes the material properties considered in the analysis for the drainage geonet on the evaporation
pond cells.

Table 1. Geonet properties

Manufacturer Model Transmissitivity Thickness
gal/min ft (m’/sec) mil
GSE HyperNet 9.66 (2 x 103! 200

I see Attachment 3
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CALCULATIONS:

Flow in the I.CRS Layer due to a Geomembrane Defect

Flow in the LCRS layer for the ev Poratlon pond cells (Attachment 1)
o Geonet: 2.67 x 10 ft*/sec per defect

Required Size of the LCRS

Flow in the LCRS layer
Q=2.67x 10* ft*/sec = 173 gallons per defect per day

Total flow
QT - (A) (1 defect)

Acre

Qr=(172.6 gpd/acre) * (4.13 acres) = 713 gallons per day

t =48 hr (time )
n = 0.3 (porosity)
FS = 1.5 (factor of safety)

Required volume = Qr *t * FS

gal 1day 1ft3 _ 3
day *2ahr 48 hr x 7.48 gal *15 =286 ft

Sump Capacity

The designed size of the LCRS sump based on pond cell geometry (i.e., sump beneath all ‘flat’ portions of the
cell) is:

Sump base dimensions: 10 feet x 30 feet
Sump top dimensions: 40 feet x 60 feet
Sump depth: 5 feet

Side slopes: 3H:1V

Calculations of the sump capacity are provided in Attachment 2. A sump with these dimensions has a volume

capacity of 6,750 ft’. The corresponding available solution volume, based on 30 percent porosity, is 2,025 ft’
(15,150 gal).
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RESULTS:

The calculated leakage volume to each LCRS sump due to geomembrane defects within the primary liner during a
48-hour period with a factor of safety of 1.5 is approximately 286 cubic feet. The fluid capacity (i.e. pore volume)
of the LCRS sump is approximately 2,025 cubic feet, which greatly exceeds the anticipated amount of leakage

accumulated in 48 hours.

CONCLUSIONS:

The LCRS sump with the designed dimensions (10 feet by 30 feet at the base, with 3H:1V side slopes and a 5 foot

depth) provides sufficient capacity to accommodate approximately 14 days of leakage in the LCRS layer.

REFERENCES:

Giroud, J. P., Gross, B. A., Bonaparte, R., and McKelvey, J. A. (1997). "Leachate flow in leakage collection

layers due to defects in geomembrane liners." Geosynthetics International, 4(3-4), 215-292.
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FLOW THROUGH LINER DEFECT CALCULATIONS

The flow rate through a defect in the geomembrane is given by the following equation (Giroud et al.
1997):

d:=0005 ft defect diameter
hprim =8 ft total liquid head over primary geomembrane
g = 322 ft/sec? gravity
Q:= %dz' g hprim
where the maximum flow rate through the primary liner geomembrane is:

Q =12675%x10"4 ft3/sec

The permeability of the geonet can be defined by:

trcL = 0017 ft thickness of the geonet

= 00215 ftz/sec geonet transmissivity

0

ki=——0 geonet hydraulic conductivity
tLcL

k=1265 ft/sec

The maximum steady-state rate of leachate migration through a defect in the primary liner that a
leakage collection layer can accommodate without being filled with leachate (Giroud et al. 1997b):

2
Qfun == k-tLcr

Qfull = 3.655X 1074 ft3/sec
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The liquid head build-up on the secondary geomembrane liner can be calculated by using the following

equation (Giroud et al. 1997b):
to .= g
k

to = 0.015 ft
Since the flow rate through a defect in the geomembrane (Q) is lower than the maximum flow rate that

the leakage collection layer can accommodate (Qfull), and the estimated liquid head build-up (to) is
less than the thickness of the geonet (tLCL), the calculated flow in the geomembrane is validated.

References

Giroud, J. P., Gross, B. A., Bonaparte, R., and McKelvey, J. A. (1997). "Leachate flow in leakage
collection layers due to defects in geomembrane liners.” Geosynthetics International, 4(3-4),
215-292.
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| Attachment 2 - LCRS Sizing Worksheet

[Project Name: Pinon Mill - Evaporation Ponds

[Project Number: 073-81694.0004

ICiient: Energy Fuels Resources Corp. (EFRC)

[By: KFM
[Date: 5/20/2008
Pond Depth: 5 ft 1.5 m
Pond Side 1(upper): 40 ft 122 m
Pond Side 2 (upper): 60 ft 18.3 m
Pond Side 1(lower): 10 ft 3.0m
Pond Side 2 (lower): 30 ft 91m
Side Slope: 3H 1V
Liner Overlap
per Side 0 ft 00m
Dry Freeboard 0 ft 00m
Pond Volume w/o freeboard: 6,750 ft*3 191 mA3
50,490 gal. 191,289 liters
Liner Area: 2,514 ftr2 234 mA2
Pond Volume w/ freeboard: 6,750 ft*3 191 m*3
50,490 gal. 191,289 liters

Golder Associates
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GSE STANDARD PRODUCTS

Product Data Sheet

GSE HyperNet Geonets

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 fo 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 variefies.

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 XL4000NOO4 | XL5000N004 | XL7000NOO4 | XL8OOONOO4
Transmissivity”, gal/min/ft (m¥sec) | ASTM D 4716-00 1/540,000 ft: 9.66(2x107) [ 1449 (3x 107 28.98 (6 x 10%)|38.64 (8 x 107)
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 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 20 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:
o FiGradient of 0.1, narmal load of 10,000 psf, water at 70° F (20° C}, between steel plates for 15 minutes.
o Bplease check with GSE far other available roll lengths.
* HThese are MARY values that are based on the cumulative results of specimens tested by GSE.

DS017 R07/07/03

This information is provided for reference purposes only and is not infended as a warranty or guarantes. GSE assumes no liability in connection with the use of this informatian. Please check with
GSE for current, standord mini quality @ pre ond specifications.

GSE and other marks used in this docurent are trademarks and service marks of GSE Lining Technology, Inc; certain of which are registered in the U.S.A. and other countries.

Americas GSE Lining Technology, Inc. Houston, Texas 800-435-2008 281-443-8564 Fax: 281-230-8650
Evrope/Middle East /Africa GSE Lining Technology GmbH Homburg, Germany 49-40-767420 Fax: 49-40-7674233
Asia/Padfic GSE Lining Technology Company Lid. Bangkok, Thailand 66-2-937-0091 Fax: 66-2-937-0097

This product data sheet is also available on our website af:
www.gseworld.com
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